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1.  NoTEd  on  the  Physical  Geoqrafhy  and  Geology  of  North 
GippsLAND,  VioroRLA.  By  Alfred  William  Howitt,  Esq., 
F.G.8.,  a  Warden  of  the  Gold-fields  of  Victoria,  &c,  (Read 
June  21,  1876.) 

lUTRODirCTION. 

I  HAVE  felt  some  hesitation  in  placing  this  paper  before  the  Society, 
but  I  have  been  determined  to  do  so  by  the  reflection  that  it  is 
clearly  the  duty  of  every  working  geologist  to  carry  his  contribution 
of  kuowledge  to  the  common  stock,  however  small  it  may  be.  I 
have  also  considered  that  these  notes  on  Korth  Gippsland  may  be  of 
interest  to  geologists,  not  only  because  the  district  is  little  known, 
but  also  (and  more  especially)  because,  as  it  seems  to  me,  the  study  of 
its  geological  structure  furnishes  the  key  to  that  of  Victoria  ^  well 
as  to  a  great  portion  of  South-eastern  Australia, 

In  no  part  of  this  colony,  nor  possibly  even  of  Australia,  is  there 
any  locality  where  the  igneous  rocks  generally  (the  crystalline  meta* 
morphic  schists  and  their  relations  to  the  sedimentary  strata,  as 
well  as  to  each  other)  can  be  studied  more  advantageously  than  in 
the  district  under  consideration. 

I  may  refer  briefly  to  the  manner  in  which  the  observations  have 
been  made,  the  results  of  which  I  have  recorded.  The  nature  of 
my  official  duties  rendered  it  impossible  that  I  could  carry  out  any 
detailed  survey  in  the  usual  manner,  excepting  perhaps  in  the 
immediate  neighbourhood  of  my  headquarters  at  Baimsdale ;  but  I 
found  that  it  might  be  possible  to  carry  on  investigations  on  a 
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different  sjstejn' which  promised  to  be  not  entirely  barren  of  results. 
Being  regozred  to  yisit  constantly  the  gold-fields  io  all  parts  of  North 
Gippslaadtiast  of  the  Mitchell  Biyer,  I  beliered  that  by  Tarying  the 
route;!rQin  place  to  place  as  much  as  possible,  and  by  making  nse  of 
thotfe.'ivntes  as  lines  of  investigation,  I  might  in  course  of  time 
confer  Ihe  whole  district  with,  as  it  were,  a  network  of  trayerses  on 
*^hich  illustrative  sections  might  be  constmcted. 

'JThis  I  have  done  so  far  as  was  possible  to  me ;  and  wherever  I 
'iound  points  of  interest  requiring  further  illustration,  I  have  worked 
•'out  those  special  localities  with  more  detail.  A  long-continued 
series  of  aneroid  readings  has  furnished  me  with  the  means  of 
working  out  the  sections  with  some  degree  of  certainty.  Finally, 
on  the  data  thus  obtained,  I  have  constructed  three  main  sections 
approximately  across  the  general  strike  of  the  older  sedimentary 
strata,  and  three  other  sections  approximately  at  right  angles  to  i^e 
former. 

Where  feature^surveys  were  available  I  have  used  them;  but 
where,  as  unfortunately  was  too  often  the  case,  there  were  none,  I 
have  made  such  traverses  with  the  compass,  estimating  the  distance 
by  the  watch  or  by  pacing,  as  would  furnish  me  with  fairly  reliable 
data. 

The  knowledge  which  I  have  gained  of  the  geology  of  the  district 
has  therefore  resulted  from  actual  inspection  in  the  field ;  and  it  will 
be  for  geologists  to  say  whether  my  interpretation  of  facts  and  the 
inferences  which  I  have  drawn  therefrom  are  well  grounded  or  not. 

In  these  notes  I  propose  to  summarize  the  general  results  at 
which  I  have  arrived.  The  details  are  partly  contained  in  the 
'Reports  of  Progress  of  the  Geological  Survey  of  Victoria,'  and 
partly  in  papers  which  are  now  in  process  of  completion*. 

The  sketeh  sections  given  in  this  paper  do  not  pretend  to  repre- 
sent the  exact  features  of  any  one  locality;  but  I  have  endeavoured 
to  portray  in  them,  in  a  condensed  form,  that  which  I  have  observed 
in  the  field,  and  at  the  same  time  to  do  so  in  accordance  with  tiie 
results  shown  by  the  sections  I  have  referred  to. 

The  encouraging  assistance  of  friends  has  not  been  wanting.     I 
am  under  great  obligations  to  Professor  M*Coy,  of  Melbourne  Uni- 
versity, for  examining  the  collections  of  fossils  which  I  have  made 
and  for  indicating  their  geological  age ;  to  Mr.  C.  H.  F.  Ulrich, 
E.G.S.,  of  the  Industrial  and  Technological  Museum,  Melbourne, 
who  has  most  kindly  aided  me  by  examining  collections  of  rocks  in 
comparison  with  those  of  the  Technological  Museum  in  Melbourne  ; 
and  to  Mr.  R.  Brough  Smyth,  F.G.S.,  the  Secretary  for  Mines,  &c,^ 
under  whose  direction  the  Geological  Survey  of  this  Colony  has  been 
resumed,  for  every  assistance  which  a  long-standing  friendship  and. 
a  warm  interest  in  the  geological  examination  of  the  Colony  oould 
suggest.     It  was  in  consequence  of  a  suggestion  made  by  my  friend 
Mr.  B.  Brough  Sm3rth  some  years  ago  that  I  determined  to  attempts 
systematically  the  geological  examination  of  North  Gippsland. 

*  The  papers  now  in  hand  are  "  On  the  Devonian  Bocks  of  North  Gipps- 
land" ana  **  Section  1  of  the  Geological  Struotore  of  North  Gippsland.*' 
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If  these  notes  are  thought  worthy  of  any  consideration  by  geolo- 
gists, I  shall  feel  that  I  am  amply  rewarded  for  any  labour  I  may 
have  undergone,  and  that  the  many  days  of  wanderings  and  solitary 
encampment  by  night  among  the  rugged  mountains  and  precipitous 
defiles  of  the  Aoatralian  Alps  have  not  been  in  vain. 

GeZTSRAL  CoKSmSIUTIOK  OF  THB  DISTRICT. 

The  district  to  be  considered  may  be  described  as  being  all  that 
part  of  North  Gippeland  lying  eastward  of  the  Macallister  Biver, 
and  also  that  part  of  the  Omeo  country  between  the  Great  Dividing 
Bange  and  a  line  drawn  from  Mount  Gibbs  to  Mount  Hotham. 

It  is  approximately  130  miles  in  length  by  80  miles  in  width,  or 
about  10,400  square  miles  in  area. 

It  is  divided  into  two  unequal  portions  by  the  Great  Dividing 
Bange.  This  mountain-chain  has  a  general  trend  to  N.  60°  E.  and 
8.  60°  W.,  and  conforms  to  the  outline  of  the  coast.  It  is  not,  how- 
ever, continuous  in  this  course  throughout;  from  Forest  Hill  to 
Mount  Phipps  it  follows  this  direction,  as  also  from  Mount  Hotham 
to  Mount  Howitt ;  but  the  intermediate  portion  lies  at  right  angles. 
From  Moxmt  Phipps  the  general  direction  of  the  Dividing  Bange  is 
continued  by  a  line  of  mountains,  such  as  Mount  Birregun,  Castle 
Hill,  and  Mount  "Wellington,  through  which  the  rivers  have  cut 
their  course  southward.  Prom  Mount  Hotham  the  line  of  direction 
is  similarly  continued  north-easterly  by  the  Bogong  Mountains  and 
Mount  Gibbs  to  Mount  Kosciusko,  which  is  on  the  Dividing  Bange, 
and  the  highest  known  mountain  in  Australia  *.  On  this  line  also 
the  Mitta  Mitta  and  the  Limestone  Bivers  have  cut  a  passage  through 
the  highlands  and  flow  to  the  north  f. 

The  Great  Dividing  Bange,  with  the  two  extensions  just  noted, 
may  be  said  to  define  the  north  and  south  limits  of  an  extensive 
plateau,  averaging  a  hundred  miles  in  length  with  a  width  of  twenty- 
five  miles.  The  drainage  of  the  north-eastern  moiety  falls  into  the 
river  Murray,  and  that  of  the  south-western  moiety  into  the  rivers 
flowing  into  the  Gippsland  lakes. 

The  transverse  part  of  the  Great  Dividing  Bange,  which  thus 
separates  the  two  halves  of  what  may  be  caUed  the  Omeo  plateau, 
extends  from  Mount  Phipps  to  Mount  Hotham.  It  is  comparatively 
low  in  elevation  ;  it  falls  suddenly  into  the  Dargo  Biver  to  the  west, 
but  has  a  gentle  slope  on  the  east  towards  Omeo. 

The  average  elevation  of  the  Omeo  plateau  is  probably  not  less 
than  3000  feet  above  the  sea-level ;  the  highest  point  rises  to  6508 
feet  in  Mount  Bogong ;  and  the  lowest  level  is  found  in  the  Omeo 

*  The  heights  of  these  mountains  aboTe  the  eea-level,  as  determined  by  ihe 
Geodetic  Sairey  of  Victoria,  are  as  follows :—  Mount  Hotbom  6100  feet,  Mount 
Howitt  6715  feet,  Castle  Hill  4860  feet.  Mount  Wellington  6363  feet,  Mount 
Koednako  7266  feet,  and  Mount  Bogong  (the  highest  mountain  in  Victoria) 
6508feet. 

t  The  Limestone  Biyer,  also  called  the  Indi,  is  one  of  the  sources  of  th^ 
nrer  Morray. 
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basin  at  2374  feet,  which  is  the  height  of  Lake  Omeo  above  the  sea. 
I  have  ezdaded  in  this  estimation  the  deep  rirer'valleys  draining 
this  pkteau  which,  as  at  Eagle  Yale  or  Tom  Groggin,  are  under 
1000  feet. 

From  the  Oreat  Dividing  Bange  and  approximately  at  right  angles 
to  its  course  successive  spurs  extend  towards  the  coast ;  these  spurs 
separate  the  rivers  whKh  drain  the  mountains.  Some  of  ^ese 
rivers  empty  themselves  into  the  Gippsland  lakes,  and  the  remainder 
directly  into  the  sea*.  The  most  easterly  of  these  somewhat 
parallel  ranges  forms  the  western  watershed  of  the  Snowy  River ; 
this  river  rises  in  New  South  Wales  on  an  extensive  plateau,  known 
as  the  Maneroo  district,  similar  in  character  to  that  of  Omeo,  but  of 
greater  extent.  The  southern  boundary  of  these  highlands  is  well 
defined  as  the  Coast  Range,  and,  as  is  the  case  with  the  Great 
Dividing  Range,  conforms  to  the  coast-line.  The  slope  northward, 
forming  the  Maneroo  tableland,  is  very  gentle,  while  it  is  sudden 
and  alnrupt  towards  the  sea. 

Commencing  at  Mount  Phipps,  the  most  southerly  extension  of 
the  Great  Dividing  Range,  near  Omeo,  a  line  of  high  land  can  be 
traced  connecting  it  with  the  Coast  Range.  On  this  view  the  Omeo 
and  Maneroo  plateaux  form  one  great  tableland;  these  heights, 
commencing  at  Mount  Phipps,  are  the  Nunnyong  Mountain,  the 
Gelantipy  tableland.  Turnback  Mountain,  and  the  Bowen  Mountain, 
where  the  Coast  Ruige  may  be  said  to  commence. 

From  this  Coast  Range  spurs  run  towards  the  seas,  separating  the 
waters  of  the  Goungrah,  Bem,  Tamboon,  Wingan,  and  Genoa  rivers ; 
these  spurs  either  end  as  promontory-like  hilb,  or  die  away  gra- 
duallv  in  the  marine  Tertiaries. 

All  the  rivers  which  I  have  enumerated  present  certain  marked 
features  in  common.  The  character  of  the  valleys  varies  with  the 
geological  formation  in  which  they  have  been  excavated,  and  the 
course  of  the  rivers  is  sharply  divided  into  a  torrent  portion  and  a 
river  portion ;  the  latter  commences  so  soon  as  the  streams  leave 
the  hills  and  enter  the  Mnging  Tertiary  area.  Here  the  valleys 
have  been  excavated  in  almost  horizontal  beds  of  sand,  day,  and 
coarse  shelly  limestone,  and  are  wide  and  flat. 

The  bottom  of  such  a  valley  is  usually  occupied  by  a  more  or  less 
wide  stretch  of  alluvial  soil,  through  which  the  river  winds  a  slow 
and  tortuous  course.  In  other  cases,  such  as  the  streams  flowing 
into  lake  Tyers,  the  bottom  of  the  valley  is  an  estuary. 

Where  the  rivers  debouche  into  the  Gippsland  lakes,  they  do  so 
usually  between  two  banks,  or  natural  levels,  which  have  been  formed 
in  the  manner  of  a  delta.  That  at  the  mouth  of  the  Mitchell  River 
extends  on  each  side  from  the  termination  of  the  higher  ground  into 
Lake  King.  The  one  on  the  north  side  of  the  river  is  about  twelve 
miles,  and  the  one  on  the  south  side  of  the  river  about  six  miles  in 
length.    The  two  leveb  end  at  the  same  point  in  Lake  King.    Each 

»  Into  the  Gippsland  lakes,  the  riTereMacallister,  Aron,  Mitchell,  Nicholson, 
and  Tambo;  into  the  aea,  the  Snowy  Birer,  the  riyers  Buchan,  Murindel,  sod 
TooDginbooka. 
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b«nk  is  composed  of  alluvial  deposit,  and  is  timbered  almost  to 
where  the  end  finishes  off  in  a  damp  of  reeds ;  the  width  of  these 
natural  embankments,  which  separate  the  waters  of  the  Mitchell' 
Biver  from  Jones's  Bay  on  the  north  and  Eagle  Bay  on  the  south, 
does  not,  on  the  avenge,  exeeed  ten  chains. 

I  believe  these  banks  have  been  formed  partly  by  the  {toughing 
action  of  the  floods  in  the  soft  deposits  at  the  mouth  of  the  river, 
and  partly  by  the  deposition  of  sediment  carried  down  where  the 
curre^  is  checked  by  the  reed-beds,  and  also  by  similar  causes 
whenever  the  floods  rise  over  the  bank  itself. 

I  have  reason  to  believe  from  personal  observation,  as  well  as 
from  information  derived  from  boatmen,  fishermen,  and  others 
navigating  the  lakes,  that  these  great  expanses  of  scarcely  more 
than  brackish  water  are  extremely  shallow,  and  are  only  navigable 
in  the  deep  channels  which  traverse  them.  These,  it  seems  to  me, 
foreshadow  fature  river-channels  so  soon  as  the  lakes  shall  have 
been  silted  up  by  the  river-deposits  or  laid  dry  by  further  gradual 
elevation  of  the  coast-line. 

It  seems  to  me  that  we  see  in  these  lakes  and  in  the  channels 
through  them  the  former  condition  of  the  river-valleys,  and  that  the 
present  courses  of  the  rivers  are  probably  not  due  so  much  to  the 
erosion  by  them  of  channels  in  the  alluvial  bottoms  of  the  valleys 
as  to  their  still  flowing  in  channels  which  were  formed  under 
estuarine  or  lacustrine  conditions^. 

The  rivers  of  Gippsland  are  liable  to  frequent  floods,  which  are 
due  either  to  heavy  rains,  generally  from  the  eastward,  or  to  the 
melting  of  snow  accumulated  during  the  winter  months  on  the 
mountains,  or  to  both  causes  combined. 

During  the  past  five  or  six  years  these  floods  have  been  except 
taonally  freqnent  and  severe.  Neither  the  oldest  white  settlers  nor 
the  oldest  aboriginal  natives  remember  floods  of  like  frequency  or 
magnitude. 

I  have  observed  during  the  tame  mentioned  that  the  beds  of  the 
torrent  portions  of  the  rivers  appear  to  have  been  deepened,  as  in 
the  upper  waters  of  the  Mitchell,  Nicholson,  Tambo,  or  Buchan 
rivers.  The  course  of  the  rivers  in  the  flat  country  has  been  com- 
pletely changed  within  certain  limits,  as  at  Staratford  and  BruUien. 
In  steep  mountain  country  the  hillsides  have  been  stripped  of  soil 
to  the  level  of  high-flood  mark,  as  at  the  Turnback  crossing  of  the 
Snowy  Biver.  Large  trees  which  stood  on  islands  have  either  been 
torn  down  and  swept  away,  or  stripped  of  their  baric  by  drifting 
timber.  All  these  various  effects  I  have  specially  noticed  in  the 
Deddick  River. 

The  amount  of  deposit  carried  down  by  these  rivers  is,  of  course, 

*  Mr.  B.  Brough  Smyth  infonns  me  that  he  hu  detected  in  WeBtem-Port 
Baj  that  a  divide  of  mud  separates  the  head  of  the  east  and  vest  ohamiels,  and 
that  this  10  obscured  when  Uie  tide  is  up.  We  may  have  probably  here  the 
orairoenoement  of  such  channels  as  are  a  marked  feature  in  the  GKppaland 
lakea. 
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ComtA^hsnrate  with  the  force  and  volume  of  these  floods,  and  mnsl 
tend  muterially  to  raise  the  alluvial  flats  in  the  low  country  and, 
eventually,  to  fill  in  the  Gippsland  lakes  themselves.  A  deposit  of 
an  inch  or  more  of  silt  and  sUme  on  the  river-flats  after  one  of  these 
floods  is  not  unfrequent;  and  I  have  seen  instances  where  it 
amounted,  in  places,  to  feet. 

The  progress  of  settlement,  by  the  formation  of  tracks  and  roads, 
the  clearing  of  land,  and  even  the  paths  made  by  cattle  and  horses, 
tends  to  drain  the  land  more  rapidly,  to  concentrate  the  flood-^waters, 
and  to  increase  the  amount  of  sediment  carried  down  from  the  higher 
grounds. 

Within  the  last  few  years  and,  indeed,  contemporaneously  with 
the  wet  seasons  I  have  mentioned,  the  wide  flat  gullies  commonly 
seen  in  parts  of  the  mountains,  and  especially  near  Omeo,  have, 
almost  without  exception,  been  cut  back  into  deep  channels  by  the 
rain.  The  black  soU  has  been  cut  into  so  as  to  form  narrow  deep 
ravines,  locally  known  as  ^'washouts,"  and  which  extend  occa- 
sionally miles  back  into  the  hills  ^. 

Classification  of  the  Sxtbjbct. 

I  have  endeavoured  to  classify  the  various  formations  in  the  sub- 
joined tabular  form  in  accordance  with  my  present  knowledge.  The 
first  list  exhibits  them  stratigraphically ;  in  the  second  list  I  have 
shown  the  Igneous  and  lietamorphic  rocks  as  I  conceive  their 
geological  age  to  be. 

Fig.  1. — Diap'ammatio  Section  across  the  Aastralian  Alps  in  North 

Oippsland, 
s.  V, 


A.  Silurian. 

b.  Metamorphio  crystal- 
line sohut 
c  Granite. 
d.  Quartz-porphyries. 


e.  Middle  DeTonian. 
/,  Upper  Devonian. 
g.  Carboniferous. 
A.  Mesozoic  Goal-mea- 
sures. 


t.  Marine  l^ertiaries  of 

GHppsland. 
k.  Tertiaries     of     the 

Murray  BtTcr. 
L  Volcanic 


*  There  are  at  present  very  few  data  available  relating  to  the  annual  volume 
of  water  poured  into  the  Gippsland  lakes,  or  the  amount  of  sedimentary  matter 
depositea  in  them.  Some  idea  may,  however,  be  formed  from  the  foUowine 
statement,  which  is  extracted  from  the  *'  Report  on  the  Physiail  Character  and 
Kesouroes  of  Gippsland,"  by  the  Surveyor-General  and  the  Secretary  for  Mines 
(Melbourne,  1874,  p.  29) : — **  The  quantity  of  water  which  the  rivers,  their  feeders^ 
would  pour  into  the  lakes  during  ordinary  weather,  in  the  months  of  November, 
December,  January,  and  February,  is,  according  to  ejitimates  formed  by  us  from 
data  obtained  by  the  late  Mr.  Dawson,  16,132,500,000  culnc  feet,  representing 
a  depth  of  four  feet  and  half  an  inch  over  the  superficial  area  of  the  Ucea." 
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The  relations  of  these  varioas  formations  to  each  other  and  their 
general  relations  to  the  mountain-chain^  the  Australian  Alps,  will 
be  seen  from  the  diagram-section,  iig.  1.  The  Carbonaceous  (Meso- 
xoic)  strata  of  South  Gippsland  have  been  added  to  complete  the 
comparison,  but  will  not  be  further  considered^  as  they  lie  outside 
the  district  described. 


Table  of  the  Geological  Formations  of  North  Oippsland, 

2    (  f 


I 


1.  Silurum  . 


(a)  Auriferous  alates  and  sancUtonee  of 
riveps  Grooked,  Darso,  Wentworth, 
Nicholson,  Bonang,  Bendoc,  and  De- 
legete. 

(6)  Metamorphic  crystalline  schists  of  the 
Omeo  custrict. 

(c)  Granites  connected  with  (a)  and  (6). 


■< 
Pi 


2.  Detfoniam 


^  3.  Carboniferous.. 


(  (d)  SnowT-RiTer  porphyries;  felstones  and 
agglomerates  of  Wombargo. 

(e)  Middle  Devonian  limestones  of  Buchan 
and  Bindi ;  Tabberabbera  shales. 

(/)  Upper  Devonian  shales  and  limestones 
of  Oowombut  and  Natire-Dog  Creek, 
Iguana-Creek  and  Maximilian-Creek 
beds»  Snowy-Blu£f  and  Mount-Tambo 
beds(?). 

(^)  Sandstones  of  Avon  river. 


^  4.  Miocene  (A)  Baimsdale  limestones. 


V 


5.  Hioeene  . 


6.  Pieistocene  and 
Beeent 


^  (t)  Moitun-Creek  beds;  sandstones  and 
maris  of  Jemmy's  Point  and  Lake 
Tyers. 

(k)  Dolerites  and  basalts  of  Dargo  Hign 
Plains,  Cobungra,  Nunnyong,  Gelan- 
tipy. 

^  (/)  Sand-  and  gravel-beds  up  to  about  800 
feet  above  sea-level ;  clay  terraoes  along 
the  rivers  and  lakes;  sand  dunes, 
swamps,  flooded  lands,  and  river- 
gravels  now  forming. 
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Table  of  (hi  Igneous  Rocks  of  North  Gippsland, 


1.  Older  Plutonic 


2.  Newer  Plufonic  . 


3.  Pafaozoic   •• 


4.  Tertiary, 


(a)  Granites  which  hare  invaded  and  me- 

tamorphosed   Silurian    strata,    as   at 
Dargo,   Neoyang,  Deddiok,   Delegete, 
1  Omeo,  &c. 

(b)  Quartz-porphyrioB  of  the  Snowy  Biver, 

Mount    Wombargo,    Moimt    Tambo, 
Mount  Taylor,  &c. 

(c)  Dykes    of    compact,    porphyritic,    and 

quartziferous  felstones  of  Omeo,  Neo- 
yang,  Tabberabbera,  Ac. 

(d)  Amorphous  masses  and  dykes  of  por- 

phyrite  of  Mount  Lein8ter(?),   Bul- 
gurback,  &c. 

(/?)  Amorphous  masses  and  dykes  of  green- 
stone and  other  basic  igneous  rocks  of 
Omeo,  Limestone  River,  Maximilian 
Creek,  Tabberabbera,  Ac 

f  (/)  Felstonea  (lavas),  ash,  and  agglome- 
rates of  Mount  Wombargo  and  the 
Black -Mountain  tableland,  Snowy 
Bluff,  Tabberabbera,  Maximilian  Creek, 
&e. 

(ff)  Doleritea  and  basalts  of  the  Snowy 
Bluff. 

{h)  Dolerites  and  basalts  of  the  Dargo  High 
Plains,  Cobungra,  Nunnyong,  Gelan- 
tipy,  Tubbut,  &c. 

(f)  Metamorphic  crystalline  schists  of  the 
Omeo  district. 

(k)  Indurated  rocks,  spotted  schists,  Horn- 
fels,  &c. 


a| 

NoTB. — I  have  used  the  term  "  Plutonic  '*  as  being  the  most  convenient  I  can 
at  present  use  for  purposes  of  classification.  It  is  probable  that  the  term 
**  Hydro-plutonic  "  might  be  better. 

I.  Lower  Paleozoic. 

1.  Silurian. 

(a)  Rocks  referable  to  this  age  are  exposed  over  a  large  part  of 
the  district ;  but  the  areas  are  not  continuous,  and  the  boundaries 
somewhat  difficult  to  define  shortly  in  words.  Broadly  viewed,  a 
description  may  thus  be  given : — The  largest  area  will  be  found 
between  the  Mitchell  and  Tambo  rivers,  north  of  the  road  from 
Baimsdale  to  Bruthen.  It  includes  almost  all  the  drainage-areas 
of  the  Mitchell  and  Nicholson  rivers  and  that  of  the  west  side  of 
the  Tambo  Biver,  south  of  a  line  drawn  from  Mount  Balahead  to 
the  Fainting  Ilango.  The  next  area  in  size  is  found  between  the 
Snowy  River,  the  boundary-line  of  the  Colony,  and  the  sea-coast. 
Outcrops  aie  met  with  of  various  sizes,  as  at  Bendoc,  at  Mount 
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Xowa  Nbwa,  near  Bindi,  at  the  Eeedy  Biver  (which  is  one  of  the 
feeders  of  the  Buchan),  and  in  other  minor  localities  which  need  not 
be  further  specified.  In  the  country  between  the  upper  waters  of 
tiie  Mitchell  and  Macallister  rivers  ^urian  strata  probably  underlie 
the  Upper  Palseozoic  groups. 

The  strata  which  I  regard  as  Silurian  consist  of  alternating  slates 
and  sandstones,  with  rare  bands  of  crystalline  limestone  in  the  upper 
part  of  the  series.  These  have  been  tilted,  folded,  compressed,  and 
subjected  to  influences  which  have  produced  alterations  lying  be- 
tween a  schistose  and  a  flinty  structure.  They  have  subsequently 
been  extensively  denuded  before  the  deposition  upon  them  of-  later 
formations.  The  strike  of  these  strata  naturally  varies,  owing  to 
the  many  disturbing  causes  which  have  affected  them.  I  have 
found  some  difficulty  in  determining  the  average  direction  of  strike ; 
but,  from  the  consideration  of  all  the  observations  which  I  have 
been  able  to  make  throughout  the  district,  I  believe  that  the  average 
strike  will  be  found  to  lie  between  35°  to  the  west  and  20^  to  the 
east  of  north.  The  dip  appears  usually  to  be  between  60°  and  ver- 
tical, and  varies  rapidly ;  but  I  am  inclined  to  believe  that  it  is  more 
generally  to  the  eastward  than  the  westward,  and  would  therefore 
indicate  not  only  a  general  acute  folding,  but  also  a  subsequent 
tilting  over  to  the  west. 

I  have  observed  in  two  localities,  near  Dargo  Flat  and  Neoyang, 
where  the  contact  with  the  granite  has  been  laid  bare  by  denuda- 
tion, that  the  strike  has  turned  nearly  east  and  west,  the  dip  being 
both  against  and  from  the  granite. 

The  largest  Silurian  area  is  situated,  as  I  have  said,  between  the 
Mitchell  and  Tambo  rivers,  and  extends  from  the  Great  Dividing 
Range  to  near  the  sea-coast.  Broadly  viewed,  it  is  a  country  of 
deep  valleys  and  corresponding  high  and  steep  ridges,  among  which 
occasional  outcrops  of  granite  are  to  be  found.  These  are  usually 
in  valleys,  but  also  in  some  cases  as  mountains,  such  as  Mount 
Baldhead.  The  Silurian  mountains  are  in  places  capped  with  out;- 
liers  of  Upper  Palaeozoic  strata,  or  with  Tertiary  volcanic  outflows. 
Here  are  situated  the  alluvial  gold-workings  of  the  Crooked,  Dargo, 
Wentworth,  Tambo,  and  Nicholson  rivers,  of  Merrijig  and  Boggy 
Creeks,  of  Shady  Creek  and  the  Haunted  Stream,  and  other  places, 
and  the  quartz-mines  of  Grant,  the  Upper  Dargo,  Boggy  Creek,  and 
Deptford. 

The  second  area,  as  to  size,  is,  as  I  have  said,  east  of  the  Snowy 
River.  The  country  is  one  of  steep  and  high  mountains,  gradually 
culminating  in  the  chain  known  as  the  Coast  Range.  Their  struc- 
ture is  perhaps  best  seen  at  the  Deddick  Eiver,  and  I  shall  refer  to 
thst  as  an  illustration*.  The  general  features  are  that  the  summits 
of  the  mountains  are  of  highly  inclined  strata,  usually  much  indu- 
rated, so  that  the  slates  are  flinty  and  the  sandstones  quartzites. 
In  many  places  the  original  structure  of  the  rocks  is  almost  oblite- 

*  The  Deddick  Biyer  is  also  called,  in  parts  of  its  course,  the  Tubbut,  Jinigal- 
klla,  and  Bonang,  theae  being  the  native  terms  for  the  yarious  localities  through 
whidk  it  flows. 
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rated,  and  the  planes  of  deposit  can  only  be  distrnguislied  by  alter- 
nating and  undulating  narrow  lines  of  different  colour.  An  exami- 
nation of  the  whole  district  shows,  however,  plainly  that  these  in- 
clined and  vertical  strata  dip  downwards,  becoming  more  and  more 
altered,  and  generally  end  abruptly  against  the  granite  which  occu- 
pies all  the  low  ground  and  valleys. 

Thus  in  the  Deddick  Eiver  a  contour-line  which  would  separate 
the  high  ground  fh)m  the  valleys  would  also  approximately  indicate 
the  position  of  the  granite  as  below  this  line.  Were  the  whole  of 
the  granite  stripped  of  the  superior  strata  without  being  itself  de- 
nuded, it  would  present  an  extremely  uneven  and  irregular  surface ; 
for  we  find,  on  examining  the  streams,  that  in  places  the  Silurian 
strata  descend  below  the  general  surface  of  the  granite,  and  are 
much  contorted  and  folded  back  on  themselves,  while  in  other  places 
we  find  bosses  of  granite  appearing  through  high  ridges  of  the  Silu- 
rian slates*. 

The  hard  quartzites  appear  often  to  have  marked  out  the  ridges, 
as  in  Mount  Bowen  and  Delegeto  HilL 

Among  the  much  indurated  and  altered  strata  occasional  patches 
are  found  which  have  been  less  affected,  as,  for  instance,  the  black 
Graptolite-slates  of  Deddick,  in  close  proximity  to  the  granite  boun- 
dary and  the  larger  area  of  Bendoc  and  Delegete,  where  are  situated 
mines  both  in  auriferous  alluvium  and  quartz  veins.  So  far  as  I  am 
aware,  neither  alluvial  gold  nor  auriferous  quartz  veins  have  been 
met  with  at  the  Deddick  Eiver. 

This  Silurian  formation  extends  beyond  the  coast-range  down 
the  Goungrah,  Bem,  and  Cann  rivers ;  and  gold- workings  have  been 
there  opened.  LitUe  is  as  yet  known  concerning  the  geology  or  the 
resources  of  that  part  of  the  district ;  it  is  mountainous  and  covered 
with  dense  scrubs,  but  it  presents  indications  of  being  generally 
more  or  less  gold-bearing.  I  have  traversed  it  in  three  different 
directions,  and  can  speak  to  the  di£Bcult  nature  of  the  country. 

In  respect  to  the  other  minor  Silurian  areas  I  need  say  but  little. 
The  general  features  are  such  as  I  have  already  noted.  We  find 
the  same  general  direction  of  strike  and  high  angle  of  dip,  the  same 
alternation  of  slates  and  sandstones  with  quartz  veins,  the  same 
paucity  of  fossils,  and  the  same  intimate  relation  to  the  crystalline 
schists,  the  granites,  and  the  older  plutonio  rocks  generally,  whioh 
I  have  yet  to  indicate  more  particularly. 

This  formation  has  been  regarded  as  probably  Lower  Silurian. 
It  has  so  far  proved  almost  entirely  barren  of  fossil  remains  through- 
out the  district ;  and  it  is  only  to  the  east  of  the  Snowy  Eiver,  as  I 
have  before  said,  that  Graptolites  have  been  met  with  f.  These,  the 
apparent  connexion  of  the  whole  series,  its  relation  to  rock  forma- 
tions of  later  age,  the  high  angle  of  dip,  amd  the  universally  indu- 
rated and  slaty  condition  of  the  strata  as  compared  with  others 

*  AocommodatioD  Greek  at  Deddick  as  to  the  former,  and  Marriotf  ■  Moun- 
tain at  Bonang,  and  eepeoially  Mount  Goungrah,  as  to  the  latter  statements. 

t  '  Prodromus  of  the  Paleontology  of  Yictoria'  &c.,  decade  i.  p.  12,  by  P^ 
derick  M'Coy,  F.G.S.,  GbTcmment  PaliBontologist,  &c.  Ac 
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yielding  Upper  Silurian  fossils,  have  led  to  this  helief.  But  too 
much  weight  may  have  been  perhaps  attached  to  this  negative  evi- 
dence. In  a  group  of  strata  at  Tabberabbera,  many  of  which  are  as 
indurated  and  slaty  as  any  in  the  district.  Middle  Devonian  fossils 
are  met  with*. 

I  point  out  these  doubts  as  to  the  propriety  of  considering  all  this 
area  as  Lower  Silurian,  or  even  Silurian ;  but  provisionedly  I  use 
these  terms  for  description. 

The  apparent  paucity  of  fossils  is  probably  due  to  the  slight  exa- 
mination which  has  yet  been  possible  of  an  immense  area  of  moun- 
tainous country,  all  of  which  is  clothed  with  forest,  and  very  much 
with  dense  and  sometimes  almost  impenetrable  scrubs. 

(b)  Metamorphic  Crystalline  Schists, — We  find,  occupying  the 
central  part  of  the  Omeo  plateau,  and  intimately  connected  w;ith  the 
last-mentioned  strata,  a  great  extent  of  crystalline  schists.  They 
may  be  defined  as  extending  from  the  Dargo  Eiver  to  the  Limestone 
River,  in  a  direction  east  and  west,  and  from  the  Fainting  Range 
northward  far  beyond  the  limits  of  the  district  I  am  considering. 

They  do  not,  however,  occupy  exclusively  the  whole  of  this  tract 
of  country.  Slaty  and  indurated  rock  masses,  which  I  regard  as 
Silurian,  appear  in  places,  as  at  Bindi,  while  other  extensive  areas 
are  of  granite,  not  belonging  to  the  crystalline-schist  series,  and 
elsewhere  are  varieties  of  quartz-porphyries.  At  the  Omeo  Plains 
there  is  a  wide  extent  of  nodular  argillaceous  schists,  which  are 
connected  with,  hut  do  not,  as  it  seems  to  me,  belong  to  the  Omeo 
crystalline  schists. 

These  latter  form  a  complete  series  of  varieties  of  mica-schist  and 
gneiss,  with  subordinate  varieties  of  quartz-schist,  the  extreme  end 
of  the  series  being,  on  the  one  hand,  a  fine-textured,  glistening  mica- 
schist,  a&  at  Swiff s  Creek,  and,  on  the  other,  granitic  gneiss  or 
schistose  granites,  as,  for  instance,  in  the  Dry-Hill  Creek  at  Omeo. 
Many  of  these  latter  are,  in  hand  specimens,  undistinguishable  from 
an  ordinary  ternary  granite. 

The  connexion  of  these  crystalline  schists  with  the  Silurian  is 
clearly  shown  in  many  places.  I  subjoin  a  sketch  section  (fig.  2), 
which,  I  believe,  exhibits  tolerably  clearly  the  position  of  the  Omeo 
sdiists  in  the  geological  series.  The  section  has  been  sketched  from 
one  constructed  to  scale  from  notes  which  I  have  prepared  to  illus- 
trate a  series  of  papers  on  the  geological  structure  of  North  Gipps- 
land. 

In  looking  at  the  details  of  this  section  we  see  that  the  tilted  and 
denuded  Silurian  strata  appear  from  under  the  scarped  edge  of  the 
Upper  Palsosoic  "Iguana-Creek  beds."  They  extend,  as  the  section 
shows,  across  to  the  Dargo  Eiver,  forming  a  mountainous  country 
excavated  into  deep  valleys  and  high  steep  ridges  by  the  Wonan- 

*  Profenor  M'Coy,  who  kindly  examined  a  oollection  fh>m  Tabberabbera, 
identi6es  the  foanlB  as  Shfnrifera  Unicostata  of  the  Bucban  Limestone  and  a 
Grammysia.  See  also  the  '  Report  of  Progress  of  the  Geologi<»l  Surrey  or 
Victoria,'  No.  II.  Appendix  to  "  Notes  on  the  G^logy  of  part  of  the  Mitdiell- 
BiTer  Division  "*  &a,  p.  72. 
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gatta,  the  Wongnngarra,  and  the  Crooked  riven  and  their  subsidiary 
streams.  On  ^e  western  side  of  the  Dargo-Eiver  valley,  on  the 
hne  of  section,  the  Silurian  strata  are  exhibited  as  greenish  and 
bluish  day-slates,  alternating  with  qoartzose  or  micaceous  sand- 
stones, and  having  a  strike  to  the  north-west  and  a  dip  of  from  70^ 
to  80^  to  the  north-east.  On  crossing  the  Dargo  River  at  Mayford, 
the  hillside  shows  bluish  day-slates  of  the  same  direction  of  strike 
and  dip,  but  having  a  somewhat  crumpled  silky  appearance.  On 
ascending  the  steep  eastern  side  of  the  valley  a  gradual  change  is 
met  with  from  these  last-named  rocks,  through  finely  micaceous 
schists  to  gneiss. 

Although  these  schists  are  in  places  much  crumpled  and  contorted, 
it  is  still  possible  to  see  that  the  foliations  of  the  various  beds,  and 
the  beds  themselves,  conform  to  the  direction  of  the  strike  and  dip 
of  the  Silurian  day-slates ;  and  it  is  important  to  bear  in  mind  that 
the  dip  of  the  clay-slates,  and  of  the  mica-schists  into  which  they 
seem  to  pass,  is  to  the  north-east,  and  therefore  underneath  the 
more  highly  altered  schists  at  the  summit  of  the  hill.  The  slope  of 
the  ascent  is  great,  and  in  so  far  is  favourable  to  observation  as  re- 
sembling a  d^-section.  The  vertical  height  from  the  day-slates  of 
the  river  to  the  gneiss  at  the  summit  is  1350  feet,  and  the  horizontal 
distance  about  from  80  to  100  chains. 

This  summit  is  the  Great  Dividing  Eange,  and  from  this  point 
tiiere  is  gently  undulating  country  to  within  about  two  miles  of  the 
Omeo  township.  Throughout  this  distance  the  following  rocks 
alternate: — Gneiss  and  gneissoid  mica-schist,  schistose  granite, 
granites  of  binary,  ternary,  and  quaternary  composition,  consisting 
of  orthodase  and  quartz,  orthodase,  quartz,  and  mica  (prindpally 
black),  or  the  three  together  with  black  and  greenish-black  horn- 
blende. 

It  is  to  be  remarked  that  so  soon  as  the  schists,  in  ascending  from 
the  Dargo  Eiver,  become  more  siliceous,  irregular  patches  or  veins 
of  slighUy  translucent  and  somewhat  greasy-looking  quartz  appear, 
forming  part  and  pared  of  the  foliations.  More  rarely,  veins  are 
met  with  of  coarsely  aggregated  orthodase,  quartz,  silvery  mica,  and 
often  black  schorl,  and  these  are  usually  associated  with  the  granite 
schists  or  the  granites  (metamorphic). 

Other  veins  are  also  to  be  met  with  of  orthodase,  quartz,  and 
fibrohte,  all  confusedly  aggregated  together.  The  fibrolite  in  places 
shows  certain  resemblances  in  colour  and  in  imperfect  prismatic 
forms  to  andalusite  and  even  to  kyanit^.  It  is  found  of  pale  tints 
of  lilac,  blue,  pink,  as  well  as  white,  and  is  exceedingly  tough  in 
texture. 

The  granites  are  usually  met  with  in  the  low  grounds,  in  the 
valleys,  but  also  as  small  plains  at  higher  elevations.  In  fact, 
granites  bdonging  to  this  division  are  met  with  in  this  locality  at 
all  heights,  but  more  generally,  as  I  have  said,  where  streams  have 
cat  deep  into  the  schist  surface. 

In  the  schists  and  granites,  speaking  generally  of  the  whole 
series,  we  meet  with  numerous  intrusive  dykes,  from  a  few  inched 
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the  extreme  edge  of  the  Omeo  basin,  where  the  country  rises  to 
form  the  watershed  of  the  Limestone  Kiver.  At  this  place  I  hare 
noted  what  seems  to  be  a  gradual  passage  from  coarse  granite  to 
gneiss,  mica-schist,  then  to  a  wrinkled  and  glistening  clay-slate, 
with  a  high  dip  to  the  eastward. 

At  the  Limestone  Kiver  the  rocks  are  seen  to  be  dark-blue  and 
yellowish  clay-slates  with  narrow  quartz  veins,  and  bedded  with 
them  greyish  crystalline  limestone.  This  group  of  strata  has  a 
general  dip  to  N.  85°  W.  at  60°  to  70°.  The  crj-stalline  limestones 
and  marbles  occasionally  show  indistinct  traces  of  corals ;  but  so  far 
none  have  been  identified. 

(c)  Granites, — ^The  granites  of  North  Gippsland  may  be  separated 
into  two  classes : — 

(a)  Those  which  are  the  result  of  the  perfect  metamorphism  of 

sedimentary  strata ;  and, 

(b)  Those  which  appear  to  have  invaded^  and  partly  absorbed  and 

altered,  sedimentary  strata. 

I  can  feel  no  doubt  as  to  the  origin  of  many  of  the  granites  which 
are  seen  alternating  with  the  mica-schist  and  gneiss  of  Omeo.  A 
series  of  rock-specimens  can  be  collected  there  showing  the  finest 
shades  of  gradation  from  a  true  mica-schist  to  a  true  ternary  granite, 
or  to  a  quaternary  granite,  where  the  fourth  constituent  appears  to 
be  an  amorphous  green  mineral.  It  is,  however,  quite  possible  that 
in  some  instances  denudation  of  the  schists  may  have  laid  bare 
granites  belonging  to  the  second  division ;  but  on  this  point  data  are 
at  present  wanting. 

The  second  class  of  granites  is  met  with  in  numerous  localities. 

In  examining  genersilly  the  whole  district  where  the  Lower  Palaeo- 
zoic sedimentary  rocks  are  visible,  it  will  be  seen  that  granites 
occur  in  various  places,  usually  in  the  river- valleys  or  as  basins  of 
low  hUls  surrounded  by  Silurian  or  younger  strata  (as  at  Bulgur- 
back,  Dargo  Flat,  Neoyang,  the  Lower  Tambo  river,  the  Snowy  River 
in  its  upper  course,  Deddick,  the  Genoa  Eiver,  &c.),  but  are  also  some- 
times seen  as  hills  or  mountains  protruding  from  among  the  strati- 
fied rocks,  as  at  Mount  Baldhead,  the  Forlorn  Hope,  at  the  sources 
of  the  Tambo  and  Buchan  rivers,  and  many  other  places.  In  all 
these  instances  and,  indeed,  wherever  I  have  met  with  granites  in 
North  Gippsland  of  this  class,  their  present  position,  either  in  the 
valleys  of  rivers  or  as  mountain  masses,  appears  certainly  to  be  due 
to  denudation  and  erosion,  subsequent  to  their  invasion  of  Lower 
Palaeozoic  formations. 

Some  of  the  broad  features  to  be  noted  in  respect  to  this  class  of 
granite  I  have  already  referred  to.  I  may  add  further  that  the 
highly  tilted  Silurian  strata  are  seen  to  dip  down  onto  the  granite, 
and  to  be  there  cut  off  either  across  the  direction  of  dip  or  of  strike ; 
but  in  following  the  general  direction  of  strike  of  the  Silurian  strata 
across  the  granite,  we  find  that  the  former  recur  with  the  same 
general  direction  of  strike  and  dip  as  before. 

The  passage  from  the  sedimentary  rocks  to  the  granite  varies  both 
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in  rapidity  of  ohange  and  in  the  natore  of  the  change  itself,  in 
examining  any  of  the  isolated  granite  areas,  the  Silurian  strata  are 
found  in  the  neighbourhood  to  maintain  their  general  direction  of 
strike  and  dip  until  in  near  proximity  to  the  granite,  where  they 
exhibit  signs  of  pressure  and  of  alteration.  The  beds  are  thrust  in 
all  directions,  and  extensively  broken  up  by  irreg^ulsir  joints.  Granite 
veins  are  found  to  traverse  these  contact-margins,  showing  in 
difierent  localities  the  same  general  features,  and  especially  the 
distinct  contact  of  the  sedimentary  rock  and  the  granite  vein,  as 
clearly  as  elsewhere  the  contact  of  the  granite  with  the  mass  of 
intrusive  dykes  is  shown«  The  stratified  rocks  themselves  are 
greatly  altered,  either  resembling  fine-textured  gneissoee  or  mica- 
ceous schists,  or  forming  dense  crystalline  rocks  in  which  the 
planes  of  deposit  can  barely  be  distinguished  by  wavy  lines  of 
various  shades  of  colour.  The  extreme  form  of  this  series  is  Horn- 
fek.  The  changes  resulting  in  the  former  series  of  alterations  seem 
to  be  heralded  by  a  micatization  of  the  rocks ;  in  the  latter  by  the 
appearance  of  chiastoUte-like  markings,  which  can  often  be  still 
di^inctly  recogmzed  in  an  enlarged  form  in  the  Homfels. 

A  microscopic  examination  of  thin  sections  of  the  Homfels  series 
has  led  me  to  believe  that,  in  some  cases,  the  markings  I  have 
referred  to  are  probably  due  rather  to  the  somewhat  difierent 
aggregation  of  materials  ^an  to  the  introduction  of  fresh  elements 
into  tJbe  rock  masses. 

Sometimes  both  forms  of  alteration  are  seen  in  the  same  area,  and 
occasionally  in  near  proximity,  as  at  Dargo  Plat,  where  the  mica- 
ceous alterations  are  seen,  especially  on  the  northern  mai^in  (Dargo 
Biver),  and  the  indurated  rock  series  on  the  south  side  (Orr's 
Creek). 

These  alterations  of  adjacent  rocks  extend  for  uncertain  distances 
from  the  visible  granite  surfaces ;  and  I  think  that  this  may  be 
accounted  for  on  the  belief  that  the  granite  continues  nearer  to  the 
present  surface  in  some  directions  than  in  others — in  other  words, 
that  it  is  due  to  the  granite  sur&ce  being  as  highly  uneven  under- 
ground as  we  see  it  to  be  where  denudation  has  laid  it  bare. 

In  some  parts  of  North  Gtippsland  the  rock  masses  which  have 
apparently  been  invaded  by  granites  do  not  present  so  much  the 
alterations  I  have  described  as  a  general  sillcification  of  the  strata, 
by  which  great  portions  have  assumed  the  character  of  quartzites^ 
as,  for  instance,  Bel^ete  Hill  and  the  Bowen  Mountain.  But  it 
seems  to  me  significant  of  some  ocmnexion  between  the  changes 
seen  and  the  appearances  of  invasion  by  the  granites,  that  tiia 
intensity  of  those  alterations  in  the  sedimentary  strata  varies  in  an 
inverse  proportion  to  the  distance  of  the  former.  But  in  these 
tracts  there  are  also  places  where  the  rock  masses  present  just  such 
alteration  as  I  have  before  mentioned ;  for  instance,  jf  arriott's 
Moontain,  where  the  Silurian  slates  and  sandstones  have,  near  the 
granite,  assumed  a  finely  gneiasose  appearance. 

The  aunexed  section  (fig.  5),  sketched  from  a  cutting  in  Orr's  Creek, 
Dargo  Flat,  will  illustrate  the  contact  appearances  generally  seen« 

Q.J.G.S.  No.  137.  c 
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Fig.  6. — Cwitact  of  OraniU  and  Silurian,  Orr^s  Creek,  Dargo  Flat. 


(a)  Ternary  felspathio  granite,  very  much  decompoeed. 

(b)  Altered  Silurian.    Under  the  lens  appears  granular  felspathic,  with  minate 

black  specks  (mica  ?). 
{e)  Fine-grained  granite  vein,  about  3  feet  wide,  consisting  of  felspar,  quartac, 

black  mica.    This  is  sharply  defined  aa  regards  the  bounding  rock,  which 

is  similar  to  (/). 
(<0  Altered  Silurian.    In  places  micaceous,  like  (/);   elsewhere  indurated, 

finely  crystalline,  bluish  black  in  colour.    Traces  of  planes  of  deposit  recog- 
nizable by  lidbter  or  darker  undulating  lines. 
(0)  Decomposed  felspathic  rein  or  dyke,  like  {g),  but  more  granitic    About 

12  feet  wide. 
(/)  Metamorphic  rock,  schistoM,  and  the  joints  lined  with  silyery  mica.    This 

seems  to  embrace  and  oyerlie  {g), 
(a)  Felstone  vein  or  dyke,  with  minute  patches  of  a  foliated  black  mineral 
(A)  Indurated  slates  and  sandstones  (Silurian),  as  seen  down  the  course  of  Orr's 

Creek  (auriferous). 
{k)  Granitic  vein  crossing  {d),  a  few  inches  in  width ;  at  the  sides  rather  coarsely 

ciystalline^granular,  of  yellowish  orthodase  and  translucent  quarts.     In 

the  centre  the  same,  but  coarser,  and  with  aggregations  of  ailyeiy  mica  and 

black  iKhorl. 


Note. — In  the  aboTc  sketch  the  lateral  extension  of  the  rooks  has  been 
densed  in  order  to  bring  the  whole  section  into  riew ;  but  the  features  have 
been  preserred  as  Giithfully  as  possible.  The  apparent  dip  is  due  to  the  sectioii 
lying  at  an  angle  with  beds  whidi  are  in  reality  vertical,  or  nearly  so. 

As  the  granites  of  the  series  (b)  have  invaded,  cut  off,  absorbed, 
or  altered  the  Silurian  strata,  so  also  have  extensive  extravasations 
of  quartz-porphyries  and  of  rocks  connecting  them  with  the  true 
granites  taken  place  among  the  sedimentary  strata.  The  effects 
produced  are,  however,  far  less  marked  than  in  the  granites. 

The  quartz-porphyries  all  agree  in  having  a  felsitio  or  somewhat 
crystalline-granular  base,  in  which  are  usually  porphyritic  cr3rstal8 
or  patches  of  orthoolase,  and  in  all  cases  er}'sta]iB  or  crystalline 
grains  of  quartz.  Hie  colour  varies  from  almost  white  in  restricted 
localities  to  shades  of  yeUow,  red,  and  purple.  Some  varieties  are 
earthy,  while  others  are  highly  silicified.  The  extreme  forms  are, 
on  the  4>UB  hand,  a  rock  which  might  be  classed  as  a  somewhat 
crystalline  form  of  binary  granite  (Mitchell  Kiver) ;  and,  on  the 
other  hand,  a  highly  porphyritic  rock,  in  whieh  the  orthodase  crystals 
are  over  an  inch  in  length  and  often  distinctly  formed,  and  the 
quartz-crystals  large  and  often  in  very  regular  double  pyramids 
without  any  apparent  intervening  prism  (Mount  Taylor).  The  total 
area  occupied  by  quarts-porphyries  falls,  no  doubt,  somewhat  short 
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of  thftt  of  tiie  granites ;  but  the  looalities  are,  generally  speaking, 
between  the  Tambo  and  Snowy  Bivers,  and  extending  between 
nmilar  limits  north  of  the  Great  Dividing  Range.  The  granite,  on 
the  contrary,  is  found  in  all  places  where  denudation  has  been 
suiftoiently  deep.  Where  I  have  been  able  to  examine  the  contact 
of  the  quartz-porphyries  and  the  Silurian  strata,  as  at  the  Omeo 
Plains,  1  have  found  the  latter  broken  up  and  penetrated  by  dykes 
of  fektone — which  is  in  places  granular  (apparently  owing  to  decom- 
position), in  other  instances,  however,  compact,  and  in  such  cases, 
almost  without  exception,  more  or  less  distinctly  quartziferous. 
Ue  forms  of  Silurian  rocks  which  I  have  observed  to  have  been 
invaded  by  the  quartz-porphyries  are  the  argillaceous  schists  and 
qaartzites  of  the  Omeo  Plains,  and  the  indurated  slates  and  sand- 
stones of  Bindi ;  and  we  thus  see  that  the  irruption  of  the  quartz- 
porphjrries  has  been  subsequent  to  the  invasion  and  alteration  of  the 
Silurian  strata  by  the  granites.  Near  Baimsdale  the  Silurian  has 
been  broken  through  by  enormous  masses  of  quartz-porphyry  and 
allied  rocks,  which  now  are  seen  as  the  triad  group  of  hills.  Mount 
Taylor,  Mount  Lookout,  and  Mount  Alfred;  and  here  the  sedi- 
mentaiy  rocks  have  either  apparently  undergone  no  change,  as  at 
Bulumwaal,  or,  as  at  Clifton,  have  been  altered  to  very  nearly  the 
true  Homfeb  condition.  In  the  river-gravels  derived  from  the 
neighboorhood  of  those  hUls  fragments  of  perfect  Hornfels  are 
frequent,  showing  that  the  change  has  been  a  common  one  there. 

Where  I  have  been  able  to  observe  the  relations  of  the  quartz- 
porphyries  and  the  granites,  as  at  the  Soowy  Biver  near  Turnback, 
and  not  far  from  where  the  latter  rocks  have  invaded  the  black 
gnptolite  slates  of  Beddick,  I  have  found  that  the  quartz-porphyries 
have  come  up  through  the  granite  in  mountain  masses  and  with  a 
well-defined  line  of  contact.  The  boundary  of  the  two  rocks  at 
Turnback  seems  to  be  along  a  north  and  south  line,  and  may 
indicate  a  great  fault ;  if  so,  it  is  almost  the  only  fault  which  I  have 
been,  so  far,  able  to  recognize. 

At  Turnback  we  again  see  the  same  general  relations  of  the 
Silurian,  the  granite,  and  the  quartz-porphyries  that  I  have  already 
pointed  out  as  being  indicated  at  Omeo  Plains. 

All  these  divisions — ^the  SUurian,  the  granites,  the  quartz-por- 
phyries— ^may  from  one  point  of  view  be  regarded  as  forming  a 
group  in  the  geological  series.  In  this  aspect  they  constitute  the 
great  ^* rock-foundation''  of  North  Gippsland  on  which  the  younger 
formations  rest. 

I  find  aU  over  the  district  that  this  group  has  been  subject  to 
enormous  denudation  during  Palseozoic  time,  and  that,  broadly 
viewed,  the  first  great  stratigraphical  break  may  be  placed  here.  The 
Sections  figs.  1  and  2  (pp.  6  <Ss  1 2)  will  further  illustrate  my  views  on 
this  subject  This  first  "  Horizon  ^  may  be  also  regarded  as  marking 
the  division  between  the  Lower  and  Upper  Palaeozoic  times.  Below 
it  we  have,  as  at  Deddick,  Lower  Silurian  slates  with  Diplograpsus 
Ttetan(pdari$^  M'Coy  ♦,  as  the  oldest ;  and  at  Gibbo  Biver,  and  pro- 

•  •  Prodromus  of  the  Palaeontology  of  Victoria,'  deoado  i.  p.  11.    Frederiok 
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bably  also  at  the  Limestone  Rirer,  Upper  Silnriaii  Limestones  with 
eorals  (at  the  former  containing  "  PaUxopora  ")  as  the  youngest 
known  strata. 

Above  this  "Horizon"  the  first  sedimentary  deposits  known  to 
exist,  and  in  places  immediately  resting  on  the  ^  rock-fonndation/' 
are  Middle  Deronian  marine  limestones,  with  Spirifera  Icdvieoitaia, 
Placodermatoos  fish,  and  corals  perfectly  identical  with  specimens 
from  the  European  Devonian  limestones  of  the  Eifel  *. 

J  shall  in  the  next  division  of  this  paper  refer  to  these ;  but  before 
doing  so  I  must  discuss  an  extensive  formation  which  lies  between 
those  two  PalsBOzoio  fixed  points. 

II.  Ufp£b  Paleozoic. 
2.  Devonian, 

(d)  Snowy-River  Porphyries. — The  immense  extent  of  rock 
masses,  both  horizontally  and  vertically,  which  have  been  known  by 
the  above  designation  have,  so  far,  induded  nearly  all  the  rocks  oc- 
curring over  file  tract  coloured  by  Mr.  Selwyn,  in  his  geological 
sketch  map  of  Victoria,  as  "  Trap  or  Hypogene,'*  and  also  imder  the 
same  classification  in  the  more  recent  sketch  map  of  Mr.  E.  Brough 
Smyth,  the  present  Director  of  the  Survey.  The  greater  part  of  this 
area  is  occupied  by  porphyritic  rocks  of  the  acid  series  and  by 
granites.  Of  the  former,  some  are  the  quartz-porphyries  which  I 
have  already  Considered.  The 'remainder  are,  so  far  as  I  have  yet 
been  able  to  work  them  out,  iminianse  accumulations  of  ancient  vol- 
canic materials,  consisting  principally  of  ash  and  agglomerates  and 
of  felstone  lavas. 

One  tract  only  I  have  as  yet  been  able  to  examine  in  any  but  a 
cursory  manner.  The  country  is  rugged  in  the  extreme.  The  Snowy 
River  on  the  east  and  the  Buchan  Kiver  on  the  west  have  cut  down 
into  the  granites  and  the  associated  sedimentary  strata,  and  left  these 
"  Snowy-Biver  Porphyries  "  standing  up  as  a  high  rugged  tableland, 
some  2000  to  3000  feet  in  altitude  above  these  rivers. 

From  this  tableland  streams  falling  into  the  Snowy  Biver  and 
the  Buchan  (or  Native-Dog  Creek)  have  cut  deep  clefts,  among  whose 
rugged  defiles  the  geologist  can  only  make  his  examinations  with 
great  difficulty  and  not  altogether  without  danger. 

The  subjoined  diagram  section  (fig.  6)  across  this  tableland  will 
illustrate  my  views  of  its  structure,  and  is  also  generally  applicable  to 
other  places  where  I  have  crossed  it,  as,  for  instance,  from  Fanwick 
to  Mountain  Creek,  or  from  Buchan  to  the  Bodgers  River.  The 
natural  features  have  been  condensed,  and  the  horizontal  distance 
much  shorten  ed,  in  order  to  bring  the  whole  under  view.  The  dip 
of  the  country  generally  seems  to  be  towards  the  sea-coast  from  the 
Great  Dividing  Range,  so  that  at  Buchan  the  "Lower  Palseozoio 

M'Coy,  P.G.S.,  Profeasor  of  Natural  Science  in  the  Melboupne  Univemty, 
Government  Palteontologiet,  &c.  &c. 

♦  Interoolonial-Bxhibition  Essays,  1866.  Professor  M'Coj  "  On  the  Beeent 
Zoology  and  Palaeontology  of  Victoria,"  Essay  No.  7,  p.  327. 
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fotmdatiQii "  which  is  seen  at  the 

Black  Mountain  or  Fanwick  b  no  j^  jj 

longer  visihle,  having  sunk  helow  \  o^' 

the  level  of  the  rivers.  ^  |  | 

In  constructing  this  diagram  seo-  »  ^M 

tion,  I  admit  that  much  of  the  sub-  '^  ®     H 

terranean  representation  must  ne-  I.  ^ 

oewarily  be  hypothetical,  and  its  I  •? 

possible  truth  must  depend,  in  a  ?'  1^ 

great  measure,  upon  the  accuracy  c^  ^    5- 

of  my  observations  and  also  upon  '^  g  s    ^ 

the  soundness  of  the  inductive  rea-  :§  ^  I    I 

soning  based  upon  them.  5  ■"*  f    Co 

In  the  observations  made  as  to  ^  §. 

the  surface  appearances,  I  can  feel  o  ^1 

tiie    confidence  which    has    been  5*  Qff.  ^ 

created  by  repeated  examinations  ^  ^  ^     i 

during  the  last  five  or  six  years ;  of  5»  '^  ©^    L 

those  features  I  have  inferred  to  g  **     I* 

exist,  such  as  the  subterranean  ex-  ^  ^ 

tension  of  the  Silurian  strata  of  the  g'  ^ 

Limestone  Biver  and  the  position  -. 

of  the  central  mass  of  quartz-por-  -^  S^ 

phyries,  I  may  say  the  following  ^  ^ 

words : —  I*  S" 

At  the  north-west  end  of  the  sec-  g  o*  ^    ?* 

taon  the  limestones  and  slates  sud-  r  §  B     fia 

denly  end  at  the  foot  of  the  por-  g  E  ?    1 

phyry  hills  forming  the  east  side  of  '»  ^^    J 

the  Limestone  Biver ;  they  present  ^  k* 

no  more  than  the  normal  degree  of  (|  « 

distorbance  or  alteration,  nor  any  5*  ^ 

such    appearances  as   would  lead  S  § 

me   to  suspect  that   the  igneous  |.  S 

rocks  had  come  up  through  them.  ¥  ^ 

On  the  contrary,  where  last  seen,  j^  * 

they  appear  merely  to  pass  under  ^  ^ 

the  great  mountain  of  porphyritic  g  | 

rock  which   there  forms  part  of  5  g^ 

the  Great  Dividing  Bange.     These  *g  ^ 

rocks  themselves  are  found  on  ex-  »3  ^ 

amination  to  be  principally  quartzi-  ^  ^ 

ferous  felstones,  which  I  regard  as  f  gg*    I 

merely   altered  ash;    for    almost  |J     §*. 

everywhere  the  weathered  surfaces  ^  ? 

show  more  or  less  of  the  frogmen-  |^ 

tary  nature  of  the  composition.    I  5. 

am  informed  by  persons  who  have  ^  « 

prospected  for  gold  in  the  streams  ^ 
tilling  into  the  Limestone  Biver  from  the  Great  Dividing  Bange  at 
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the  place  I  speak  of,  that,  in  shaftB  sunk  through  the  detritos  in  the 
beds  of  those  streams  among  the  porphyritio  hills,  slates  and  lime- 
stones similar  to  those  in  the  Limestone  Eiver  are  found  as  the  bed- 
rock. 

In  the  valley  of  the  Native-Dog  Creek  where  that  stream  has  cut 
through  the  thin  remains  of  Upper  Devonian  fossiliferous  limestones 
and  shales  into  the  underlying  porphyries,  several  masses  of  meta- 
morphosed sedimentary  rocks  of  a  most  remarkable  character  are  re- 
vealed protruding  from  the  peaty  soU  and  snow-grass.  These  have 
apparently  been  calcareous  shales,  but  are  now  calcareous  schists  of 
a  pale  yellowish  or  nearly  white  colour,  and  are  not  only  extremely 
altered,  but  are  bent  into  the  most  abrupt  angular  contortions.  I 
may  roughly  represent  the  appearance  of  these  schists  thus : — 

Fig.  7. — Contorted  Schists,  Nativ&'Dog  Creek. 


They  present  no  similarity  to  any  of  the  metamorphic  schists  of 
North  Gippsland  which  I  have  ever  seen.  But  I  have  observed  that 
among  the  limestones  and  slates  of  the  Limestone  River  there  are 
thin  calcareous  bands  which  may  represent  the  comparatively  un- 
altered condition  of  the  schists  of  the  Native-Dog  Creek.  Further 
to  the  southward  down  the  same  stream,  but  above  Panwick,  is 
another  patch  of  shales  and  crystalline  lim^tones,  here  also  altered 
in  an  unusual  manner,  but  somewhat  similar  to  those  I  have  just 
described.  They  appear  in  a  deep  valley  from  under  the  great  por- 
phyritio tableland.  From  these  appearances  I  believe  that  the  in- 
dicated extension  of  the  Limestone-Elver  strata  is  not  inconsistent 
with  the  probable  truth. 

In  mentally  looking  over  the  whole  district,  I  perceive  that  here 
and  there  mountains  or  ridges  of  quartz-porphyries  stand  out  from 
the  "  Snowy-River  Porphyries  **  or  in  their  neighbourhood,  in  the 
latter  cases  being  often  in  the  Marine  Tertiary  areas,  from  which 
they  rise  as  isolated  hills.  Taking  the  Wombargo  Mountain  as  an 
example,  I  notice  that  grouped  round  the  central  mass  of  quartx- 
porphyries  there  are  immense  thicknesses  of  successive  accumulations 
of  ash,  agglomerates,  and  felstones,  which,  where  the  deeply  cut 
ravines  show  the  vertical  structure,  are  often  clearly  seen  to  be  not 
only  bedded,  but  also  seamed  with  dykes  of  compact  pale-coloured 
felstone.   These  appearances  are  seen  in  descending  from  Wombargo 
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to  the  Nmtiye-Dog  Creek,  to  ihe  Toonginbooka  River,  or  to  the  Little 
Biyer. 

Many  of  the  agglomerates  are  extremely  interesting.  They  are 
formed  entirely  of  angular  or  slightly  rounded  fragments,  varieties 
of  feLstone,  or  of  quarts-porphyries,  and  with,  in  some  instances, 
fragments  of  granite ;  t-hese  fragments  are  of  all  siises  from  almost 
dust  up  to  several  feet  in  diameter.  When  the  base  is  light  in  hue, 
or  dark  red,  the  contrast  to  the  variously  coloured  and  textured 
fragments  is  striking.  Generally,  however,  the  weathered  surfaces 
are  dull,  and  only  show  the  fragments  standing  out  in  relief. 

The  whole  of  these  rock  masses  have  evidently  been  subject  to 
great  changes ;  tliey  are  almost  universally  quartaferous,  the  quartz 
being  more  or  less  perfectly  crystallized  in  double  pyramids  ;  and  I 
suspect  that  a  great  part  <^  the  apparent  fdstones  is  merely  altered 
silicified  ash. 

The  general  series  of  this  formation,  as  seen  in  the  deep  gorge  of 
the  Little  Eiver,  may  be  about  2000  feet ;  the  stream  has  cut  a  con- 
stant succession  of  falls  in  its  rock-bound  chasm.  The  lowest  rocks 
visible  are  allied  to  the  quartz-^rphyries  with  occasional  agglome- 
rates ;  in  the  upper  parte  there  are  agglomerates,  ash,  and  felBtones, 
all  much  consolidated  and  siliceous,  and  penetrated  by  irregular 
branching  veins  and  dykes  of  hard  white  felstone.  In  this  gorge 
I  found  some  of  the  beds  of  coarse  ash  beautifully  distinguished 
from  each  other,  not  only  by  marked  planes  of  deposit,  but  by  the 
different  texture  of  the  beds  themselves.  The  whole  of  tho  series 
appears  to  be  of  subaerial  origin. 

All  these  considerations  have  led  me  to  believe  that  in  the  Wom- 
bargo  Mountain  we  may  recognize  the  site  of  a  PaUeozoic  volcano, 
the  central  mountain  being  the  denuded  core  round  which  some 
small  portions  of  the  vast  masses  of  ojectamenta  still  remain 
grouped. 

The  Cobboras,  St.  Pancras  Peak,  Mt.  Statham,  may  be  indicated 
as  presenting  quite  similar  appearances  to  those  of  Wombargo,  and 
taken  together  may  possibly  represent  a  somewhat  north  and  south 
Hne  of  volcanic  orifices  extending  southward  through  the  Buchan 
country.  The  isolated  mountains  which  I  have  mentioned  as  stand- 
ing in  the  Marine  Tertiary  area  convey  to  my  mind  a  strong  sugges- 
tion of  similar  origin  and  similar  age.  Such  are  Mount  Taylor  and 
Mount  Kowa  Nowa,  in  the  neighbourhood  of  each  of  which  the 
Tertiary  gravels  are  largely  composed  of  felstones  and  other  igneous 
rocks  belonging  to  the  **  Snowy-River  Porphyries.** 

The  relative  proportions,  as  given  in  the  sketch  section,  of  the  centra] 
quartz-porphyry  and  the  surrounding  felstones,  are  no  doubt  quite 
conjectural,  and  the  former  I  believe  to  be  far  in  excess  of  the  truth. 
I  merely  wished  to  indicate  as  nearly  as  possible  the  general  genetic 
relations,  as  I  believe  them  to  be,  of  these  most  interesting  rock 


(e)  Middle  Dev(mtan. — I  have  already  pointed  out  that  the  an- 
cient volcanic  materials  of  the  Snowy-River  country  rest  upon  the 
Silurian,  and  are  overlain  by  Middle-Devonian  marine  beds.     On 
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taking  a  general  view  of  North  Gippeland  it  is  seen  that  there  are 
isolated  patches  of  limestones  which  present  perfectly  similar  charac- 
ters as  to  position  and  lithological  character,  and,  what  is  of  more 
importance,  an  identity  of  fossil  remains.  Mr.  B.  Brongh  Smyth's 
geological  sketch  map  of  Victoria  well  shows  this.  These  limestone 
patches  are  usually  found,  as  at  Buchan,  in  the  hollows  of  basins 
formed  in  and  surrounded  by  the  Snowy-Biver  porphyries ;  at  the 
"  Basin "  and  on  the  Snowy  Biver  at  the  junction  of  the  Bodgers 
Biver,  not  far  from  Buchan,  similarly  situated ;  or,  as  at  Bindi, 
where  the  basin  is  formed  by  granites,  quartz-porphyries,  indurated 
Silurian  and  crystalline  schists,  in  fact  the  ''Lower  Palceosoic 
rock-foundation."  At  New  Gellingall,  on  the  Buchan  Biver,  the 
basin  resembles  that  of  Buchan.  At  Gdantipy,  however,  we  find 
three  small  outliers  of  the  Buchan  Limestone  on  the  summit  of  the 
tableland,  resting  on  the  Snowy-Biver  porphyries,  and  covered  by 
late  Tertiary  (Pliocene  ?)  doleritic  rocks. 

These  limestones  are  generally  somewhat  thick-bedded  and  com- 
pact, usually  of  a  dark  blue  or  blackish  colour,  and  undulate  at  a 
somewhat  low  angle,  but  are  in  places  seen  to  have  been  much 
folded  at  high  angles.  They  produce  a  country  of  rolling  hills  or 
steep  grassy  ridges,  with  an  excellent  red  soil,  and  lightly  timbered 
with  EucctlyptiM  and  Acacias.  *'  Sinkholes  "  are  of  common  occur-* 
rence,  as  in  other  limestone  districts,  and  the  scenery  is  strikingly 
soft  and  pleasing  in  contrast  to  the  harsh  and  rugged  mountains 
which  frame  these  basins. 

The  age  of  these  Buchan  Limestones  has  been  determined  by 
Professor  M'Coy  as  being  Middle  Devonian*. 

At  Buchan  argentiferous  galena  and  copper-ore,  principaUy  py- 
rites, has  been  found  and  worked. 

At  Tabberabbera,  at  the  junction  of  the  Mitchell  and  Wentworth 
Bivers,  I  have  found  a  group  of  strata  which  present  features  dif-^ 
fering  in  many  respects  from  those  just  described,  but  which,  from 
the  fossils  gathered  from  them  by  me,  have  been  referred  by  Pro- 
fessor M^Coy  to  the  same  age  as  the  Buchan  Limestones  f. 

The  group  of  strata  at  Tabberabbera  consists  mainly  of  more  or 
less  indurated  or  slaty  shales,  which  alternate  with  quartsitea, 
coarse  sandstones  with  pebble  bands,  and  has  a  subordinate  bdlt 
of  compact  dark  blue  limestone.  The  fossils  are  found  abundantly 
in  a  black  shale  adjoining  this ;  but  the  limestones  have  not  as  yet 
yielded  any  thing. 

The  inclination  of  these  strata  is  nearly  as  great  as,  and  their  general 
direction  of  strike  and  of  dip  approximate  to,  that  usually  found  in 
the  great  series  of  slates  and  sandstones  with  auriferous  quartz  veins 
which  are  regarded  as  Silurian,  and  together  with  whidi  the  Tab- 
berabbera shales  have  been  also  folded.  The  extension  either  on 
the  strike  or  laterally,  I  have  as  yet  been  quite  unable  to  deter- 
mine ;  but  I  believe  it  to  be  great.  I  have  identified  this  group  down 
the  course  of  the  Mitchell  Biver  nearly  to  Cobbannah  Creek ;  to  the 

*  Interoolonial-Exhibition  Essays.  1866,  No.  7,  p.  327. 

t  Eeport  of  Progress,  Geological  Surrey  of  Victoria,  No.  2,  p.  72. 
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westward,  wberever  the  nearly  vertical  strata  have  been  laid  bare 
by  denadation  and  erosion,  these  strata,  shales,  and  quartzites  re- 
semble those  of  Tabberabbera  more  than  any  others  in  the  district, 
and  of  these  they  are  apparently  an  extension.  Such  rocks  are  to  be 
seen  at  Cobbannuh  Creek,  at  Davy's  Nob,  and  thence  through  to 
Maximilian  Creek,  where  they  constitute  the  "bed  rock**  of  the 
gold-workings. 

The  subjoined  section  (Bg,  8)  will  convey  an  idea  of  the  position 
of  the  Tabberabbera  shales,  and  is  also  applicable  in  its  general 
features  throughout  the  locdities  which  I  have  just  named. 

Fig.  8. — Diagram  Section  across  the  Mitchell  Bivernear  Tabberabbera, 

S.W.  MitcheU  Rirer.  K.E, 


a.  Tabberabbera  Shales  (Middle  Deyonian). 

b.  Iguana- Creek  bedi  (Upper  Deyonian). 

c.  FeUtone  abeet. 

The  Tabberabbera  shales  have  been  greatly  disturbed  and  pierced 
by  dykes  and  masses  both  of  basic  and  acidic  igneous  rocks.  The 
fbrmer  are  |m>bably  doleritic  or  basaltic,  and  the  latter  porphyritic 
and  quartaferous  fdstones. 

One  pecuHarity  in  regard  to  the  position  of  the  Tabberabbera 
shales  deeerres  mention.  The  Lower  Paheozoic  rocks  in  most  places 
constitute  the  **'  foundation  "  on  which  the  Upper  Pakeozoic  strata 
have  been  laid  down ;  but  here  we  find  that  the  Tabberabbera  shales 
have,  together  with  all  older  formations,  been  folded,  compressed, 
and  denuded ;  and  on  the  surface  thus  formed  the  nearly  horizontal 
Upper  Deyonian  beds  are  found  to  rest.  We  have  therefore  the 
second  great  stratigraphical  break,  or  horizon,  between  the  Middle 
and  Upper  Devonian  formations.  Although  the  distinction  between 
the  amount  of  disturbance  by  which  the  strata  above  and  below  this 
plane  have  been  iJeoted  is  more  marked  than  the  analogous  difference 
of  disturbance  above  and  below  the  First  Stratigraphical  Horizon, 
yet  I  think  that  this  is  due  merely  to  the  fact  that  in  descending  in 
thne  we  find  that  eadi  successive  group  of  rock-formations  has  been 
subjected  to  a  cumulative  series  of  disturbing  forces. 

(f)  Upper  Devonian. — The  various  isolated  groups  of  strata  which 
have  been  referred  to  the  Middle  Devonian  period  appear  to  be 
merely  the  remains  of  a  once  widespread  formation  which  probably 
extended  over  the  whole  of  North  Gippsland.  The  sketch  section 
which  I  have  given  (fig.  8)  will,  to  a  certain  extent,  show  the  facts  ob- 
servable at  Bindi,  Tabberabbera,  and  other  j^aces,  from  which  it  is 
evident  that  the  denudation  to  which  that  formation  was  exposed  re- 
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moTed  the  greater  portion  of  it  before  the  suoeeeding  groupe  of  strata 
were  laid  down.  Denudation  had  also  probably  removed  much  of 
the  Tolcanio  materials  of  Wombargo  and  other  localities  of  the  Snowy- 
Biver  porphyries.  I  have  now  to  consider  those  groups  of  strata, 
which  I  believe  may  be  classified  as  above. 

Mr.  8elwyn  described  several  groups  of  strata  in  North-east 
Gippsland,  in  the  localities  of  the  Avon,  Freestone  Creek,  Iguana 
Creek,  and  Mount  I'ambo,  as  proviRionally  classified  as  Upper  Paleo- 
zoic, and  he  regarded  the  plant-bearing  sandstones  and  conglome- 
rates of  Mount  Tambo  as  being  below  the  fossiliferons  limestones  of 
Bindi,  and  therefore  as  *'  older  than  the  true  European  Palseozoio 
coal-measures"*. 

I  believe  that  I  shall  be  able  to  show  that  this  view  of  the  pro- 
bable age  of  the  Mount-Tambo  beds  is  untenable,  being  based  on  a 
misconception  of  the  true  stratigraphical  relations  of  the  Mount- 
Tambo  and  Bindi  formations.  At  first  sight,  however,  their  posi- 
tions appear  to  be  such  as  are  indicated  by  Mr.  Selwyn. 

The  groups  of  strata  which  until  now  have  collectively  been 
spoken  of  as  the  Avon  Sandstones  have  recently  been  separated  into 
two  divisions — the  Avon  Sandstones  proper,  containing  Lepidodei^ 
dron  australe^  M*Coy,  and  referred  to  the  base  of  the  Carboniferous  t, 
and  the  Iguana-Creek  beds,  with  Arehceopteris  Howiitit  M^Coy,  Anei- 
miUs  iguanensis^  M^Coy,  and  Cordaites  australis^  MK!)oyt,  and  re- 
ferred to  the  Upper  Devonian. 

Still  further  inquiries  have  enabled  me  to  extend  the  Iguana-Creek 
beds  northward  as  far  as  Tabberabbera,  and  westward  as  far  as 
Maximilian  Creek,  thus  confining  the  Avon  Sandstone  proper  within 
much  narrower  limits  than  formerly.  The  exact  stratigraphical 
relations  of  the  two  groups  have  not  yet  been  worked  out.  At 
present  I  incline  to  believe  that  the  passage  may  be  gradual  from 
one  to  the  other,  that  is,  from  the  Upper  Devonian  to  the  Lower 
Carboniferous,  which  is  not  unusual  elsewhere. 

I  now  proceed  to  describe  the  Upper  Devonian  strata  from,  the 
typical  locality  Iguana  Creek,  and  from  which  I  have  named  the 
whole  group. 

Iguana  Creek  joins  the  Mitchell  Eiver  just  within  the  line  where 
the  fringing  marine  Tertiaries  thin  out  on  the  older  rocks.  It  ia 
here  that  the  Iguana-Creek  beds  are  seen  to  dip  at  a  low  angle  under- 
neath the  Tertiary  sands  and  clays.  The  base  of  the  series  is  not 
here  visible,  the  ''  Lower  Pakeozoic  formation "  having  dipped  to- 
gether with  the  overlying  strata,  so  that  at  the  place  mentioned,  and 
also  generally,  though  not  at  all  places  along  the  same  line,  it  is 
Delow  the  water-levd  of  the  rivers. 

*  "  Notes  on  the  Physical  Gheograpby,  Geology,  and  Mineralogy  of  Victoria," 
by  A  B.  G.  Selwyn,  &o.,  Intercolonial-Exhibition  Essays,  1866,  p.  17. 

t  A.  B.  0.  Selwyn,  '*  Notes  on  the  Phjrsical  Geography,  Gteology,  and  Mineralogy 
of  Victoria,"  Ac,  Intercolonial -Exhibition  Essays,  1866,  p.  15 ;  and  '  Prodromus 
of  the  Palaeontology  of  Victoria,'  decade  i.  p.  87,  by  Frederick  M'Ooy,  F.G.S., 
GoTcmment  Palaontologist,  &c. 

.  I  '  Report  of  Progress,  Geological  Surrey  of  Victoria,*  No.  2,  p.  72. 
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The  eeetion  as  seen  at  Igaana  Creek,  commencing  at  the  riyer- 
level,  consists  of  alternating  shales,  sandstones,  qnartz-grits,  and 
oonglomerates.  The  shales  are  either  without  apparent  stratifica- 
tion and  of  a  brick-red  or  purple  colour,  or  thinly  laminated  and 
bluish  or  greenish  grey,  and  it  is  in  these  latter  that  I  hare  found 
the  plant-remains  before  mentioned. 

Plant-impressions  are,  however,  common,  but  indistinct  in  charac- 
ter, though  frequently  indicating  the  ribbon-like  character  of  Car- 
daita.  The  conglomerates  are  of  quartz  and  other  hard  and  sili- 
ceous rocks,  and  together  with  the  sandstones  and  quartz-grits 
intcnningle  and  exhibit  interesting  examples  of  false  bedding  and 
changing  condition  of  deposits.  The  upper  parts  of  the  series  are 
mainly  quartzose  sandstones ;  and  some  of  tiie  lower  rubbly  shales 
become  locally  nodular  and  c^careous. 

The  thickness  of  the  series  visible  at  Iguana  Creek  is  probably 
under  800  feet  The  continuity  of  the  beds  is  unbroken  to  Tabbe- 
rabbera,  as  I  ascertained  last  summer  by  descending  the  Mitchell 
Birer  in  a  canoe,  accompanied  by  two  black  fellows,  and  by  that 
means  was  able  to  examine  the  constant  succession  of  grand  natural 
sections  which  the  rocky  gorges  of  that  untraversed  river-yalley 
present,  which  would  not  be  accessible,  except  in  isolated  places,  by 
any  other  means. 

Having  premised  that  the  Iguana-Creek  beds  continue  in  an  un- 
broken manner  to  Tabberabbera,  about  20  miles,  I  must  now,  in 
order  shortly  to  point  out  the  interesting  features  of  this  Upper  De- 
vonian group,  refer  to  a  locality  where  the  natural  sections  will 
be  found  to  disclose  the  underlying  older  Palaeozoic  rocks,  which  no 
doubt  elsewhere  also  underly  the  Iguana-Creek  beds  at  no  great 
depth. 

The  valley  of  the  Mitchell  River  shows  at  Tabberabbera  sections, 
two  of  which  I  have  condensed  in  the  sketch,  ^g.  8.  The  lower  nearly 
vertical  shales,  sandstones,  and  limestones  contain  Middle  Devo- 
nian marine  fossils,  and  have  evidently,  together  with  the  still  older 
Palaeozoic  sedimentary  rocks,  been  tilted,  compressed,  and  denuded, 
80  ^t  at  present  their  extension  to  the  north  is  undetermined  be- 
yond a  distance  of  2  miles  from  Tabberabbera,  and  is  quite  undeter- 
mined to  the  east  and  west.  To  the  south  they  extend  down  the 
Mitchell  Eiver  to  near  Cobbannah  Creek.  Lying  nearly  horizontally 
on  these,  the  slight  dip  being  southward,  we  find  about  from  800  to 
1000  feet  of  sandy  shales,  conglomerates,  and  sandstones,  principally 
of  a  reddish  or  yellowish  colour.  We  have  here  the  north-eastern 
escarped  edge  of  the  Iguana-Creek  beds.  Resting  on  the  lowest  bed, 
a  red  sandy  shale,  is  a  sheet  of  porphyritic  and  nodular  felstone,  in 
which  irre^ar  cavities  have  been  filled  by  agate  or  quartz,  either 
completely  or  as  geodes.  Above  this  is  the  remainder  of  the  series 
of  oonglomerates  and  sandstones. 

The  same  sequence  of  beds  is  seen  in  following  down  the  Mitchell 
River  to  Cobbannah  Creek,  where  the  felstones  sink  out  of  sight, 
and  where  the  overlying  sedimentary  strata  are  about  500  feet  in 
thickness.    The  felstones  show  as  a  rugged  cliff  where  last  visible, 
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about  80  foot  above  the  riyer,  and  they  present  almost  the  same  tri- 
plicate appearance  of  compact  beds  with  either  porphyritic  ort^o- 
clase  and  quartz  crystals,  or  quartz  crystals  alone,  in  a  compact  base, 
and  one  well-marked  bed  of  nodular  and  geodic  felstone.  The  re- 
markable persistence  of  these  well-marked  divisions  over  so  large  an 
area  leads  me  to  regard  this  as  a  contemporaneous  sheet. 

Dykes  and  masses  of  diorite  and  of  other  basic  igneous  rocks,  which 
I  have  not  as  yet  been  able  satisfactorily  to  determine,  of  porphy- 
ritic and  quartziferous  felstones,  have  penetrated,  cut  off,  and  gene- 
rally disturbed  the  nearly  vertical  Tabberabbera  shales,  but  do  not 
seem  to  have  risen  up  through  the  Iguana-Creek  beds. 

In  Maximilian  Creek,  about  16  miles  to  the  westward  of  Iguana 
Creek,  whidi  I  lately  visited  in  company  with  Mr.  Reginald  Murray, 
of  the  Geological  Survey  of  Victoria,  I  found  the  series  of  strata 
shown  in  the  subjoined  sketch  (fig.  9),  which  has  been  condensed 
from  several  natural  sections. 

Fig.  9. — Diagram  Section  of  Group  of  Beds  at  Maarimilian  Creek. 
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a.  QuarUiie.  d.  Porphyritic,       quartiiieroas, 

b.  Ooane  quarts  and  slate  oonglome-  and  concretionary  hUaUmm, 

rate.  e.  Shales. 

e.  Coarse    reddish     sandstones    with  /.  Quartz  conglomerates, 

pebble  bands.  g.  Sandstones  with  pebbles. 

I  need  only  point  out  that,  making  due  allowance  for  slight  li^o- 
logical  differences,  we  have  here  identically  the  same  series  of  rocks, 
both  sedimentary  ax^d  igneous,  as  that  seen  at  Tabberabbera  and 
the  Mitchell  Biver  near  Cobbannah  Creek. 

In  following  the  northern  edge  of  the  Iguana-Creek  beds  no  break 
is  foutid  to  the  westward,  and  they  appear  continuous  with  those  at 
Maximilian  Creek. 

In  the  absence  of  any  pakeontological  evidence  the  indications 
afforded  by  the  groups  of  strata  themselves  are  stratigraphioally  so 
strong  that  I  have  no  hesitation  in  regarding  the  Maximilian-Creek 
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beds  as  a  contiDuaiion  of  those  of  Iguana  Creek,  and  therefore  Upper 
DeTonian,  rather  than  as  belonging  to  the  Ayon  Sandstones^  which 
are  comparatiyely  near  at  hand  to  tiie  west. 

The  nearly  vertical  quartzites  and  thin  slaty  shales  which,  at 
Maximilian  Creek,  seem  to  represent  the  indurated  shales  and  sand- 
stones of  Tabberabbera,  have  been  cut  across  by  a  very  strong  dyke 
of  compact  and,  in  some  places,  vesicular  diorito.  Possibly  only  as  a 
coincidence  this  dyke  shows  prominently  at  the  two  localities  where 
the  most  remunerative  alluvial  gold-workings  have  been  met  with. 

Proceeding  up  the  Mitchell  River  to  where  it  is  joined  by  the 
Moroka  River,  which  rises  among  the  almost  unknown  defiles  of  the 
great  mountain  mass  north  of  Castle  Hill  and  Mount  Wellington,  we 
find  the  picturesque  mountain  known  as  the  Snowy  Bluff,  st-anding  at 
the  junction  of  those  rivers.  It  rises  immediately  £rom  the  valley, 
first  buttressed  by  rugged  forest- covered  ridges,  then  up  to  the  sum- 
mit with  a  series  of  encircling  precipices  and  steep  grassy  slopes. 
The  height  of  the  Snowy  Bluff  is  about  4500  feet  above  the  sea. 

This,  perhaps  the  grandest  natural  section  in  the  Gippsland  moun- 
tains, gave  me  the  following  section  (fig.  10),  which  I  have  condensed 
in  order  that  the  features  may  be  brought  somewhat  inte  more 
prominence  and  less  space. 

Fig.  10. — Diagram  Section  of  the  Snowy  Bluff. 

MitoheU  RiTer. 
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h.  Alternating  red  sandstone  and 
slatj  shales,  with  two  felstone 
beds. 

i.  Melaph3rre. 

k.  Coarse  reddish  sandstone. 

/.  Quartz  coqglomerate. 


0.  Slatee  and  Sandstones  (Silorian  ?). 

h.  Coarse  conglomerate. 

e.  Bed  Sandstone. 

rf.  Finer  conglomerate. 

€.  Bed  sandstone  and  red  sandy  shale. 

f!  PorphyTitio  and  qnartziferoug  felstones. 

y.  Yelk>w  and  red  slaty  shales. 

We  see  here  on  an  enlarged  scale  the  same  group  of  strata  which 
is  met  with  at  Tabberabbera,  the  Mitchell  River,  and  Maximilian 
Creek.  Of  the  nearly  vertical  slates  and  sandstones  forming  the 
basis  of  the  section  I  can  say  no  more  than  that  they  are  evidently 
part  of  the  "  Palaeozoic  rock  foundation,"  and  are  not  unlikely  of 
the  same  age  as  the  auriferous  rocks,  near  at  hand,  of  the  Wonan- 
gatta,  Wongungarra,  and  Crooked  Rivers.     The  overlying  sedimentary 
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beds  aie  more  or  lesB  ooane  conglomerates,  sandstones,  sandy  or 
slaty  shales,  all  of  a  reddish  or  yellowish  colonr,  and  narrowly  re- 
sembling similar  beds  in  the  Ignana-Creek  series.  We  have  also  here 
a  great  thickness  of  felstones,  in  which  occur  not  only  the  wavy  an- 
dnlating  lines  of  yarious  colonr,  but  also  the  angular  fragments  of 
different  colour  and  texture  such  as  are  seen  so  frequently  in  the 
ash  and  fine  agglomerates  of  the  Wombargo  Mountain  and  other 
localities  of  t^e  Snowy-River  porphyries. 

Near  the  summit  the  Snowy  Bluff  is  encircled  by  a  high  precipice. 
The  rugged  face  is  worn  into  cavernous  hollows  as  the  component 
rock  varies  in  hardness,  and  is  seamed  in  all  directions  by  a  multi- 
tude of  joints.  It  is  only  to  be  ascended  in  a  few  places,  where 
rain-guUies  have  cut  through  from  the  upper  grassy  slopes  of  the 
mountain ;  but  elsewhere  is  the  inaccessible  haunt  of  the  Rock  Wal- 
laby. 

This  series,  some  thousand  or  more  feet  in  apparent  thickness, 
consists  of  various  beds  of  a  basic  igneous  rock,  either  porphyritio 
with  plagioclase  prisms,  as  in  the  lowest  bed  visible,  or  dense  in 
texture,  or  vesicular  and  amygdaloidal,  as  in  the  upper  parts.  But 
everywhere  the  joints  are  lined  or  filled  by  quartz,  chalcedony,  or 
yellowish-green  epidote ;  and  the  cavities  are  either  geodes  of  quarts 
and  epidote,  or  filled  by  those  minerals  severally  or  by  chalcedony. 
An  examination  of  this  precipice  and  of  its  various  component  por- 
tions, as  well  as  of  the  underlying  and  overlying  strata,  has  led  me 
to  conclude  that  these  basic  igneous  rocks  are  interbedded,  and  not 
intrusive. 

A  preliminary  examination  of  some  thin  sections  of  these  rocks 
which  I  have  prepared  for  the  microscope  at  once  disclosed  to  me 
the  familiar  appearance  of  close-grained  dolerite  or  basalt,  in  which 
either  the  pU^oclase  or  the  magnetite  were  predominant,  and  in 
which  quartz,  chalcedony,  and  epidote  have  been  very  largely  intro- 
duced as  secondary  minerals.  The  plagioclase  has  in  many  cases 
been  altered  from  the  centre  outwurds  by  (apparently)  chloritic 
minerals,  and  the  magnetite  has  become  still  further  oxidized,  so  as 
to  show  the  translucent  blood-red  colour  of  hssmatite. 

In  accordance  with  the  views  which  appear  now  to  meet  with 
general  acceptance*,  these  rocks,  as  being  probably  dolerites  or 
basalts  of  pretertiary  age,  would  be  classed  under  the  restricted  term 
of  Mdaphyre,  or  perhaps  they  may  with  still  greater  propriety  be 
called  Upper  Devonian  Dolerites. 

In  a  paper  which  I  am  preparing  for  the  next  Progress  Report  of 
the  Geolc^cal  Survey  of  Victoria  I  hope  to  be  able  to  describe  more 
fuUy  the  microscopic  as  well  as  the  macroscopic  peculiarities  of 
these  most  interesting  rock  masses. 

In  proceeding  to  the  eastward  of  the  liQtchell  River  no  traces  of 

*  Zirkel,  '  Untenaohungeii,  Ac.,  der  Basaltgerteine,'  p.  198:  Tsohemuik, 
'  Die  Porphyrgesteine  Oesterreichs,'  p.  136 ;  Allport,  *'  Microacopie  Structure  and 
Oomposition  of  British  Oarboniferous  Dolerites,"  Quarterly  Journal  of  the  Geo- 
logical Society  of  London,  1874,  toL  xxx.  pp.  529, 5130.  Other  references  might 
be  giren,  but  these  may  suffice. 
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fbrmatioiiB  similar  to  those  I  have  now  endeavomed  to  describe  are 
met  with  until  Mount  Tambo  is  reached  beyond  Omeo. 

The  subjoined  diagram  section  of  the  Mount-Tambo  beds  (fig.  11) 
is  condensed  from  the  sections  which  I  have  worked  out  to  illustrate 
the  paper  I  hare  already  mentioned. 

Rg.  11. — Diagram  Section  across  the  Mount-Tamho  beds, 

B.W.  Berubbr  Creek.  Honnt  Tambo.  K.B. 


a.  Tambo  beds.  d.  Qranites. 

b.  Bindi  Limettone.  e.  Silurian. 
e,  Quarti-porphyries. 

We  haye  here  the  lowest  part  of  a  synclinal  fold  resting  unoon* 
formably  on  the  Bindi  Limestone,  and  in  a  basin  of  the  ''  Lower 
PalsDozoic  rock-foundation.''  The  series  commences  with  a  thick 
coarse  conglomerate  of  pebbles  of  quarts,  indurated  slates^  and  other 
siliceous  rocks,  and  extends  upwards,  through  sandstones,  grits, 
and  red  rubbly  shales,  to  another  thick  bed  of  somewhat  similar 
but  less  coarse  conglomerate.  From  this  point  the  mountain  slopes 
rapidly  into  lower  country.  All  these  beds  to  the  second  conglo- 
merate thin  out  to  the  souUiward,  and  are  entirely  wanting  in  Bindi. 

The  remainder  of  the  series  gradually  becomes  finer  in  character 
until  the  uppermost  beds  are  all  rather  fine  sandstones  and  slaty 
shales. 

Congbmerstes  show  again  at  the  next  margin  of  the  basin,  and 
I  regard  these  as  being  the  probable  equivalents  of  the  second  con- 
glomerate. Shortly  following  that  conglomerate  I  have  found  a 
Uiick  band  of  compact  yellowish  or  whitish  felstone,  which  is  in 
places  quartziferous.  But  I  am  quite  unable  at  present  to  say 
whether  it  may  represent  the  f elstones  of  Tabberabbera,  Maximilian 
Creek,  and  t^e  Snowy  Blu£P,  or  whether  it  is  a  yery  large  intrusiye 


A  great  irregular  dyke-like  mass  of  diorite  (?)  is  also  visible  in 
one  section,  but  does  not  seem  to  show  either  to  the  north  or  south 
along  the  strike  of  the  Tambo  beds,  and  is  doubtless  intrusive. 

I  was  unfortunately  unable  to  find  the  plant-bearing  shales  men- 
^ned  by  Mr.  A.  B.  C.  Selwyn  * ;  but  bearing  the  fact  stated  by  him 
in  mind,  and  considering  the  marked  resemblance  in  the  lithological 
character,  the  sequence,  and  stratigraphical  position  of  the  Tambo 
beds,  their  resemblance  to  those  of  Iguana  Creek  becomes  strongly 

*  Infteroolonial-ExhihitioD  I^as^s,  1866,  "Not«e  on  the  Physical  Qeogni- 
phy,  G^logy,  and  Mineralogy  of  Victoria,**  p.  15. 
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apparent ;  and  I  incline  to  the  belief  that  they  belong  to  the  age  of 
the  latter,  that  is,  that  they  are  Upper  Devonian.  Their  position 
as  regards  the  Middle  Devonian  limestone  of  Bindi  favours  tins  view. 

Further  again  to  the  eastward  numerous  traces  of  ancient  con- 
glomerate beds  are  met  with  resting  on  the  summits  of  the  mountains, 
as,  for  instance,  near  Carrabungla,  at  the  sources  of  the  limestone, 
Tambo,  and  Keedy  Bivers,  on  the  flanks  of  the  Cobboras  near 
Cowombut,  and  again  further  to  the  south  and  east  at  Combyingbar, 
near  the  boundai^-line  of  this  colony.  These  are  similar  to  dioee 
with  which  the  groups  at  Mount  Tambo  and  the  Snowy  Bluff  oom- 
mence,  and  may,  with  much  probability  of  truth,  be  regarded  as 
parts  of  the  Great  Upper  Paleozoic  arch,  of  which  tiie  Iguana-Creek 
beds  seem  to  be  the  lowest. 

According  to  an  opinion  expressed  to  me  by  Professor  M'Coy  he 
regards  the  marine  limestones  and  shales  of  the  Native-Dog  Creek  and 
Cowombut  as  somewhat  older  than  the  Iguana-Creek  beds,  and  this 
would  accord  very  well  with  the  facts  I  have  observed  in  the  field ; 
for  at  the  former  places  the  last  traces  of  these  marine  beds  are 
found  to  be  resting  on  the  Snowy-Biver  porphyries  in  the  bottoms 
of  basins,  while  high  up  on  the  intervening  mountains  (the  Cobbo- 
ras) are  tbe  old  conglomerates  of  which  I  have  spoken. 

It  will  have  been  remarked  that  almost  invariably  the  Buchan 
and  Bindi  Limestones,  wherever  met  with,  are  seen  to  lie  in  basins 
of  the  older  rocks.  The  same  peculiar  feature  is  to  be  remarked  in 
the  Upper  Devonian  limestones  and  calcareous  shales  of  the  Native- 
Dog  Creek  and  of  Cowombut,  and  in  the  Mount-Tambo  and  Snowy- 
Bluff  beds.  The  explanation  is  afforded  by  the  section  at  Mount 
Tambo  and  by  a  view  of  the  north  side  of  the  Snowy  Bluff. 

We  there  see  that  the  preservation  of  these  beds  is  due  to  the 
circumstance  that  in  the  folding  of  the  earth's  crust,  after  the  laying 
down  of  the  Devonian  strata,  certain  portions  formed  what  may  be 
termed  "  pockets  **  in  the  lower  "  palceozoic  formation."  Subsequent 
denudation  left  these  "  pockets "  below  the  general  surface,  and 
erosion  by  the  rivers  has  worn  them  out  into  basins  by  the  removal 
of  the  limestones  and  shales  more  rapidly  than  the  refractory  and 
silidfied  rock  masses  in  which  they  generally  rest.  In  Mount 
Tambo  and  the  Snowy  Bluff  we  may  see  the  converse  of  the  process 
which  I  have  indicated  as  having  taken  place  in  regard  to  Uie  De- 
vonian limestones.  In  those  instances  the  synclinal  *'  pockets  ** 
consisted  of  siliceous  rocks  which  have  proved  harder  to  remove  than 
the  older  formations  in  which  they  were  enfolded. 

3.  Carboniferous. 

(g)  Avon  Sandstones, — Of  this  group  of  strata  I  am  at  present 
able  to  say  but  little.  Mr.  A.  R.  C.  Selwyn,  in  the  "  Notes  on  the 
Physical  Geography,  Geology,  and  Mineralogy  of  Victoria,"  Exhibi- 
tion Essays,  1866,  speaks  of  them  as  being  '*  yellow  and  brownish 
red  coarse-grained  sandstones  and  micaceous  freestones  with  nume- 
rous impressions  of  plants.     Verj-  good  specimens  of  Lepidoden^lron 
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are  found  here,  also  other  vegetable  impreseions  not  suffioiently 
distinct  to  be  determined."  He  adds  that  these  plant-beds  are 
nnderlain  by  a  great  thickness  of  purple-red  rubbly  and  nodular 
shales,  interstratified  with  purple-red  and  claret-coloured  sandstones. 

Professor  M'Coy^  in  his  essay  on  the  PalsBontology  of  Victoria 
(Exhibition  Essays,  1866),  says  that  the  sandstones  of  tJ^e  Avon  were 
the  only  trace  of  the  Carboniferous  formation  which  he  could  recog- 
nize in  Victoria,  and  the  only  fossil  from  them,  the  Lepidodendrofif 
identical  with  that  recognized  by  him  many  years  before  from  New 
8oath  Wales  and  Queensland ;  and  further,  in  the  ^  Prodromus  of 
the  Palseontology  of  Victoria,'  Decade  I.,  he  figures  and  describes  this 
among  the  Palseozoic  coal-plants  (Carboniferous  series)  as  Lepido* 
dendroH  austraU,  M'Coy. 

Up  to  the  present  time  opportunity  has  been  wanting  to  enable 
me  to  risit  the  Avon  country  and  make  a  personal  examination. 
Ab  I  have  already  pointed  out,  the  Avon  Sandstones  do  not  extend 
at  any  rate  to  tiie  eastward  of  Maximilian  Creek,  and  thus  the 
bounds  have  been  narrowed  down  within  which  the  correlation  of 
the  LepidodUndron-heda  of  the  Avon  with  the  AreficeopterU-heds  of 
Igaana  Creek  is  to  be  sought.  Present  information  leads  me  to 
suspect  that  the  passage  may  be  gradual  and  undefined. 

in.  TeBTUlBT. 

Passing  upwards  from  the  rocks  of  the  last-described  period,  there 
is  an  immense  break  in  the  geol(^cal  series ;  the  missing  part  of  the 
record  seems  so  completely  lost  that  there  are  no  means,  so  far  as 
my  present  knowledge  goes,  to  enable  us  even  to  suspect  where  any 
portions  of  it  Qver  existed  in  the  district  I  describe. 

In  looking  at  the  sketch  section,  fig.  1  (p.  6),  it  will  be  seen  at 
once  that  the  Palaeozoic  rocks  form  a  great  mass  of  mountainous 
country  fringed  on  the  north  and  south  by  Tertiary  deposits ;  the 
former  those  of  the  '*  Murray  basin,"  the  latter  marine.  Whether 
the  Hesozoic  Coal-measures  of  South  Gippsland  extended  over  the 
northern  part  of  the  district,  in  the  same  way  that  we  see  the  Upper 
PalsDozoic  groups  did,  is  not  known.  There  are  at  present  no  data ; 
but,  so  far  as  I  can  judge,  it  seems  to  me  very  doubtfuL 

4.  Miocene. 

{h)  BatmedaU  Limestone, — ^The  oldest  of  the  Tertiary  formations 
in  North  Gippsland  is  the  Baimsdale  Limestone,  collections  of  fossils 
from  which  have  been  referred  by  Professor  M'Coy  to  the  Middle 
Miocene  period  * ;  it  is  of  the  age  of  similar  marine  limestones  of 
Corio  Bay  and  other  localities  in  Victoria.  It  is  a  coarse  shelly 
Hubestone,  which  varies  locally  in  texture,  being  in  some  places 
without  apparent  stratification  for  considerable  thicknesses.  Nume- 
rous remains  of  species  of  Cyprcea^  Ostrea^  Pecten<i  and  Brachiopoda  are 
frequent,  together  with  a  large  echinoid,  probably  a  Clypeaater.  It 
shows  itaeii  in  ihe  river- valleys  of  the  Mitchell,  the  Nicholson,  and  the 
*  Ghsological  Surrey  of  Victoria,  No.  2.  p.  72. 

Q.J.G.S.  No.137.  D 
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Tambo  rivers^  and  on  the  banks  of  the  anna  of  Lake  Tyeis ;  but  U 
does  not  seem  anywhere  to  extend  to  the  hills  of  older  formataon 
on  the  north  or  to  t^e  sea-coast  on  the  south.  Its  surface  has  evi- 
dently been  much  affected  by  denudation  and  is  irregular.  The 
rivers  have  cut  deeply  into  it,  leaving  high  yellow  cli£&,  whi<^  are 
rugged  or  crumbling  as  the  texture  of  the  great  limestone  bed  varies. 
It  probably  does  not  anywhere  rise  more  tiban  250  to  300  feet  above 
the  sea-leveL 

6.  Pliocene. 

(i)  Moitun- Creek  beds  ^c, — Overlying  the  Baimsdale  limeetone, 
filling  in  its  hollows  and  extending  from  the  hills  to  the  sea-ooaflt, 
are  the  Upper  Tertiary  or  Pliocene  beds.  These  are  mainly  sandy, 
clayey,  or  gravelly  deposits,  with  sometimes,  as  at  Sandy  Creek, 
coarse  sandy  flags  or  ferruginous  conglomerates,  with  occasional 
concretionary  ferruginous  bands  containing  casts  of  marine  shells. 
Collections  of  these  have  been  submitted  to  Professor  MH^y,  who 
considers  them  to  be  Lower  Pliocene  and,  in  some  cases,  poaaibly 
Upper  Miocene  *. 

On  the  sea-coast  at  Jemmy's  Point  there  are  calcareous  sandstones 
and  marls  with  Upper  Pliocene  shells  similar  to  those  of  Wanganui 
in  New  Zealand,  and  characterized  among  others  by  a  new  Trig<miak 
(T.  Howitti,  M*Coy)  and  by  a  Struihiolaria  f. 

These  marine  Tertiary  formations,  speaking  of  the  whole,  rise 
gently  from  the  sea- coast,  and  thin  out,  as  I  have  before  indicated,  in 
the  hill-country  at  heights  which  vary  somewhat  in  places,  but 
which  probably  may  be  taken  at  an  average  of  from  600  to  700  feet 
above  sea-level;  and  I  think  that  no  traces  of  any  marine  formation  of 
Tertiary  age  are  to  be  found  at  more  than  800  feet  above  the  sea* 
At  any  rate,  though  well  acquainted  with  the  whole  line  of  contact, 
I  know  of  none. 

The  Upper  Pliocene  fossils  of  Jemmy's  Point  and  Lake  Tyers  are 
the  youngest  yet  found.  Regarding  these  formations  in  their  strati- 
graphical  relations,  there  does  not  appear  to  be  any  well-marked 
break  or  unconformity  to  the  present  time.  The  indications  of 
changing  conditions  are  those  seen  in  the  slightly  varying  composi- 
tion of  the  various  beds  and  in  the  evidence  of  long-continued  but 
intermitting  elevation  of  the  land,  continuing  probably  to  the 
present  time. 

6.  Pleistocene  and  Recent. 

We  may  assume  that  the  upper  margin  of  the  sandy  and  clayey 
beds  represents  a  period  somewhat  later  than  the  Upper  Pliocene 
sandstones  of  Jemmy's  Point,  on  which  similar  sandy  days  and 
ferruginous  conglomerate  beds  rest  in  places.  We  see  that  subse- 
quently the  rivers  have  excavated  wide  valleys  in  the  Tertiary  fringe 
of  the  land.  There  are  also  to  be  seen  a  series  of  two  er  more  ter- 
races, extending  often  from  near  the  coast- line,  almost  invariably 

*  Beport  of  Progress,  Geological  Surrey  of  Victoria,  No.  2,  p.  72. 
t  Ibid. 
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from  the  margiiifl  of  the  Gippsland  lakes  far  up  the  river-valleys, 
extending  roond  the  maigins  of  the  lakes  from  nver  to  river  and  up 
the  rivers  to  the  foot  of  tiie  hills.  The  lowest  terraces  are  in  some 
plaoes  not  more  than  a  few  feet  above  the  river-level ;  the  highest 
terraces  may  merge  into  the  sandy  ridges,  and  are  edged  in  places 
by  the  high-level  river-gravels.  It  seems  to  me  not  unreasonable 
to  refer  this  Terrace  Epoch  of  Gippsland  to  the  Pleistocene  period. 

Succeeding  these  terraces,  and  but  little  elevated  above  sea-level, 
we  find  the  alluvial  flats  of  the  rivers  and  the  swamps  and  morasses 
bordering  the  lakes,  and,  as  at  Ewing^s  Marsh,  lying  in  the  hollows 
between  an  older  coast-line  and  the  sand  dunes  forming  the  present 
shore-line. 

I^owhere  in  Gippsland  have  I  been  able  to  detect  any  appear- 
ances which  I  could  in  any  way  refer  to  a  Glacial  period  analogous 
to  Uiat  of  the  northern  hemisphere.  I  have  nowhere  met  with 
grooved  or  scratched  rooks,  erratic  boulders,  moraines,  or  any  traces 
of  ioe-action ;  and  I  think  that  had  such  existed  they  would  have 
been  met  with  ere  this.   Mr.  Selwyn  has,  I  believe,  already  noted  this. 

The  only  features  of  the  country  which  I  think  could  in  any  way 
suggest  glacial  conditions  are  the  apparently  ancient  lake-basins  near 
Omeo.  Most  of  these  have  now  been  drained  and  their  beds  deeply 
cut  into  by  the  streams.  The  sequence  of  the  various  gold-drifts 
has  suggested  to  me  that  some  of  the  workings  were  the  beds  of 
lakes  during  l^e  Deep-Lead  epoch.  At  Omeo  one  lake-basin  still 
retains,  some  water  during  and  after  wet  seasons  (Lake  Omeo),  and 
one  other  is  a  swamp.  Tlie  bed  of  a  third  is  now  worked  for  gold, 
at  the  Dry  Hill,  Omeo.  A  slight  alteration  in  the  general  level  of 
the  conntay  would  have  sufficed  to  drain  these  lakes ;  and  I  think 
that  tlie  succession  of  several  old  stream-beds,  the  traces  of  which 
as  auriferous  leads  are  seen  at  increasing  heights  above  Livingstone 
CredL,  suggest  an  equal  succession  of  periods  of  elevation  of  the  land 
and  of  repose. 

(k)  Vokanic. — ^I  believe  that  all  the  rocks  to  be  classed  under 
this  head  belong  to  the  '^  Newer  Ydcanic."  They  consist  of  exten- 
sive flows  of  vesicular  or  compact  dolerites  and  basalts.  Three  of 
the  large  outflows,  known  as  the  Wonangatta,  the  Dargo,  and  the  Co- 
bonf^rs  Blgh  Plains,  are  situated  at  about  5000  feet  above  the  sea- 
level  and  immediately  adjoining  the  Great  Dividing  Eange.  That 
of  Nunnyong  is  only  separated  from  it  by  the  valley  of  ti^e  Tambo 
Biver ;  that  of  the  Gelantipy  and  Black-Mountain  tableland  extends 
Within  fifteen  miles  of  the  Central  Chain,  and  is  situated  on  the  line 
of  hig^  land  connecting  it  with  the  Coast  Range. 

Smaller  patches  are  found  on  the  Buohan  Biver  to  the  west  and 
on  the  Snowy  Biver  and  near  Tubbut  to  the  east  of  Gelantipy. 

Independently  of  the  great  outflows  of  the  Bogong  Mountains 
which  I  have  spoken  of  (Cobungra  High  Plains  &c.),  there  are  some 
minor  tracts  on  the  Morass  Creek,  tiie  Gibbo  River,  and  Wambat 
Creek,  all  on  the  northern  side  of  the  watershed. 

The  larger  areas  named  above  are  found  capping  the  summits  of 
the  mountains,  and  also^in  places,  as  flows,  partially  tilling  the  valleys. 
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They  are  not  only  scarped  at  the  sides,  bnt  oocasionally  completely 
isolated  by  the  sources  of  streams  feeding  the  adjoining  riyen* 
There  is,  for  instance,  evidence  pointing  to  the  conclusion  that  the 
Dargo  and  Cobungra  High  Plains  were  onoe  continuous  across  the 
present  valleys  of  those  rivers.  This  is  shown  by  the  Tabletop 
Mountain,  which  stands  in  the  valley  of  the  Upper  Dargo  River. 

Underneath  these  flows  is  found  in  places  auriferous  quartz-gravel, 
which  is  now  worked  by  miners.  The  deposits  have  not  yet  been 
sufficiently  opened  up  to  admit  of  any  opinion  being  formed  fts  to 
their  precise  nature  or  value;  but  there  is  little  doubt  that  they  will 
prove  to  be  the  ancient  beds  of  those  streams  which  now  flow  in  the 
valleys  a  thousand  feet  or  more  below. 

At  Cobungra  layers  of  black  day  have  been  met  with  in  the  auri- 
ferous quartz-gravel,  and  contain  lignite  and  leaf -impressions ;  but 
these  have  not  yet  been  determined. 

I  have  nowhere  observed  the  traces  of  volcanic  orifices.  It  is 
possible  that  craters  may  have  been  situated  in  those  tracts  now 
eroded  into  valleys;  but,  on  the  other  hand,  it  is  somewhat  improbable 
that  all  volcanic  orifices  connected  with  the  various  lava-flows  spread 
over  such  a  wide  district  should  have  been  oUiterated,  or  that,  if  such 
existed  in  the  areas  now  seen  as  valleys,  some  traces  of  them 
should  not  have  remained.  During  ten  years  that  I  have  been  con- 
stantly looking  for  such  evidence  I  have  never  met  with  it.  Mount 
Battery  on  the  Cobungra  Eiver  certainly  appears  at  first  sight  to 
resemble  a  volcanic  cone;  but  on  inspection  it  will  be  found  that  it 
is  merely  a  projecting  spur  from  the  doleritic  sheet  of  the  Cobungra 
Eiver.  In  places  a  well-marked  columnar  structure  is  seen,  vertical 
to  the  horizontal  flow;  and  I  have  no  doubt  that  it  is  merely  a  much 
thicker  portion  of  the  sheet  which  has  filled  the  former  valley,  and 
has  been  subsequently  isolated  by  the  river. 

Throughout  the  whole  of  the  Strict  in  which  these  volcanic  rocks 
occur,  and  which  extends  only  about  thirty  miles  south  of  the  central 
chain,  immense  numbers  of  intrusive  dykes  and  masses  of  basic 
igneous  rocks  are  met  with.  An  inspection  of  thin  slices  from  a 
great  number  of  these,  from  all  parts  of  this  district,  has  shown  me 
that  a  large  proportion  exhibit  the  familiar  appearance  of  doleritic 
and  basaltic  rocks,  and,  moreover,  of  exactly  the  same  general  mineral 
character  as  the  Tertiary  dolerites  and  basalts  of  the  district.  These 
are  characterized  by  a  predominance  of  plagiodase  and  magnetite. 

It  seems  therefore  not  impossible  that  these  great  doleritic  and 
basaltic  fiows  have  been  emitted  from  fissures  ra&er  than  from  true 
volcanic  orifices. 

It  seems  worthy  of  remark  that  we  should  find  these  traces  d 
Tertiary  volcanic  activity  following  the  direction  of  the  Great  Dividing 
Eange.  So  far  as  I  am  aware,  they  extend  in  the  same  way  far  into 
New  South  Wales. 

Oold'Worhings. 

1  have  not  touched  upon  the  gold- workings  of  the  district :  the 
subject  is  hardly  within  the  scope  or  the  limits  which  I  had  proposed 
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&r  this  paper ;  but  I  may  remark  that  my  inquiries  into  the  source 
from  which  the  alluvial  gold  has  been  derived  have,  so  far,  shown 
that  the  auriferous  character  of  the  formations  will  have  to  be  ex- 
tended from  the  Silurian  to  the  very  highest  Pal^Dozoic  groups  with 
which  we  are  here  acquainted. 

At  Tabberabbera  alluvial  gold  is  worked  where  the  "  bed-rock  "  is 
Middle  Devonian  and  the  overlying  strata  Upper  Devonian.  At  th^ 
Lower  Mitchell  Biver  the  whole  of  the  strata  are  of  the  latter  age. 
At  lower  Boggy  Creek  the  bed-rock  is  quartz-porphyry  overlain  by 
Upper  Devonian ;  but  in  this  instance,  as  I  have  indicated  elsewhere*, 
the  gold  may  have  been  derived  from  the  detritus  of  the  Silurian 
hills  hijicher  up  the  stream.  At  Maximilian  Creek  the  lowest  strata 
of  the  upper  part  of  its  course  are  probably  Middle  Devonian 
overlain  by  Upper  Devonian,  and  in  the  lower  part  entirely  the  latter. 
My  inquiries  are  at  present  not  sufficiently  advanced  to  enable  me 
to  speak  decidedly ;  but,  so  far  as  they  go,  the  conclusion  seems  very 
probable  that  the  gold  has  been  derived  from  the  narrow  quartz  veins 
of  the  Middle  Devonian  shales,  slates,  and  quartzites,  or  from  the 
quartz-conglomerates  of  the  Upper  Devonian,  which  have  certainly 
been  derived  from  older  and  probably  auriferous  strata,  or  from  the 
narrow  quartz  veins  which  here  also  intersect  the  conglomerate  and 
sandstone.  A  fragment  of  quartz  containing  gold  has  been  given  to 
me  which  is  said  to  have  been  taken  from  such  a  quartz  vein  in  the 
Iguan&-Creek  beds  of  Maximilian  Creek.  If  this  can  be  satisfactorily 
substantiated  great  light  will  be  thrown  on  the  subject.  I  hope 
before  long  to  be  able  to  seriously  attack  this  important  question. 

OsKERAx  Sttxmast  aitd  CoiTCLUSIOir. 

In  the  preceding  pages  I  have  attempted  to  give,  as  shortly 
and  as  clearly  as  I  could,  an  acoount  of  the  physical  geography  and 
geology  of  North  Qippsland,  so  far  as  my  inquiries  have  made  me 
acquainted  with  the  subject.  I  may  briefly  sum  up  the  conclusiona 
wluch  it  seems  to  me  may  be  arrived  at,  and  which  I  believe  to  be 
warranted  by  the  feu^s  stidbed. 

In  ^aocing  backwards  through  the  dim  geologic  ages  the  earliest 
record  of  the  past  which  we  can  discern  is  the  great  ^urian  series. 
Whatever  formations  of  prior  date  there  may  have  been,  on  which 
the  ^35,000  feet"  of  Silurian t  slates  and  sandstones  reposed,  no 
trace  whatever,  it  would  seem,  now  remains  of  them.  The  natural 
forces  (dynamical,  hydro-plutonic,  whatever  they  may  be  termed) 
which  compressed  and  folded  the  strata,  which  caused  them  to  be 
metamorphosed,  partially  absorbed,  or  even  invaded  by  the  granites, 
no  doubt  also  completely  obliterated  all  those  older  rock  masses  on 
'vHiich  the  Silurian  reposed,  and  from  the  wearing  of  which  those 
Silurian  strata  were  formed. 

•  Beport  of  Progress,  Geological  Surrey  of  Victoria,  No.  2,  p.  70. 

t  "  Making  due  allowance  for  this  repetitioii  of  the  same  beds  at  the  surface^ 
Uie  total  Tertioal  thickness  of  the  series  can  scarcely  be  estimated  at  less  than 
35,000  feet."-~A.  B.  O.  Selwrn  in  "  Notes  on  the  Physical  Geography  and  Geology 
Act.  of  Yictoria,"  Interoolomal-Shchibition  Essays,  1866,  p.  11* 
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We  i!nd  that  the  Upper  Silurian  Limestones  of  the  Gibbo  BiTer, 
and  also  those  of  the  Limestone  Biver,  which  I  regard  as  probably  of 
the  same  age,  are  parfc  of  the  great  general  gronp  of  Lower  Palfldozmc 
formations  which  I  have  described  by  the  term  *'  the  Lower  Fakeozoio 
fonndation"  of  North  Gippsland.  We  may  therefore  not  UDreasonably 
infer  that  those  great  changes  in  the  earth's  cmst  continued  to  the 
dose  of  the  Silurian  period.  The  surface  of  all  these  l^urian  strata 
shows  the  long  ages  of  denudation  which  must  have  elapsed  befors 
the  succeeding  Devonian  groups,  as  we  see  them,  were  hud  down. 

This  long  period  seems  to  have  been  one  of  volcanic  activity.  Tbe 
*«  Snowy-Biver  porphyries"  show  the  extension,  and  the  Wombargo 
Mountain  reveals  to  us  the  structure,  of  these  ancient  volcanos. 
Isolated  hills  of  quartz-porphyries  and  allied  rocks  which  have  pene- 
trated the  Silurian  and  the  granite  suggest  strongly  the  idea  of  cases 
of  similar  volcanos  from  which  the  ejected  materials  have  been  de- 
nuded, but  which  are  still  to  be  recognized  in  the  large  percentage 
of  felstone  and  porphyry  pebbles  in  the  accumulations  of  Tertiary 
marine  gravels  surrounding  them. 

That  these  FalsDOzoic  volcanos  were  subaerial,  and  probably  ter- 
restrial, may  be  inferred  from  the  fact  that  the  great  piles  of  felstones, 
ash,  and  agglomerates  now  remaining  contain  no  beds  which  I  can 
recognize  as  aqueous ;  and  this  inference  would  accord  with  the  fact 
that,  so  far  as  our  present  palaeontological  evidence  extends,  no 
Lower  Devonian  marine  strata  exist;  for  the  Buchan  and  BindL 
Middle  Devonian  limestones  rest  on  the  Snowy-Biver  porphyries, 
and  these  latter  upon  the  Lower  Falseozoic  rock  masses. 

But  if  the  Lower  Devonian  period  was  thus  one  of  terrestrial 
conditions,  it  follows  that  the  succeeding  period  was  one  of  sub- 
sidence of  the  land.  Denudation  must  have  been  very  great  over 
the  Snowy-Biver  porphyries,  over  the  Silurian  and  the  metamorphie 
schists,  the  granites  and  quartz-porph3rries,  before  the  marine  liine* 
stones  of  Buchan,  Bindi,  Gelantipy,  and  elsewhere  were  deposited. 

To  the  westward,  somewhat  similar  marine  conditions  accom- 
panied the  formation  of  the  Tabberabbera  shales  and  limestones. 

During  this  Middle  Devonian  period  I  am  unaUe  as  yet  to 
recognize  any  traces  of  volcanic  action. 

Succeeding  this  period,  we  have  equally  dear  evidence  of  great 
and  long-continued  movements  of  the  earth's  crust.  The  Bindi 
limestones  were  denuded ;  the  Tabberabbera  shales  and  sandstones 
were  tilted  at  a  high  angle,  folded,  and  apparently  denuded  even 
more  than  the  Bindi  limestones.  We  no  longer  have  strata  con- 
taining a  well-marked  marine  fauna  ;  but  the  beds  of  Ig^uana  Cre^ 
and  of  Mount  Tambo  only  yield  us  somewhat  scanty  traces  of  a  tenes- 
trial  flora ;  while  the  shales  and  limestones  of  Co  wombat  and  tiie 
Native-Dog  Creek  appear  to  me  to  indicate  a  shallower  sea  or  a 
nearer  proximity  to  land  than  the  Buchan  and  Bindi  beds. 

The  Upper  Devonian  conglomerates,  sandstones,  and  shales  suggest 
the  proximity  of  land;  and  volcanic  activity  is  again  apparent  in  the 
felstones  and  felstone  ash,  somewhat  resembling  the  older  accu- 
mulations at  Wombayo  and  the  Snowy  River,    But  these  volcanic 
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prodaeti  seem  to  be  intentratified  with  aqneous  beds.  The  remains 
of  land-plants,  the  lithological  charaoters  and  pecnliaritie»  of  strno* 
tnre  of  the  beds,  perhaps  eyen  the  prevailing  red  oolonr  of  all  the 
groups  of  tiiis  age  (Upper  Deronian),  snggest  to  me  the  possibility 
that  we  may  have  here  lacustrine  rather  than  marine  conditions, 
following  the  gradual  emergence  of  land  from  the  deep-sea  areas 
of  Middle  Devonian  periods,  and,  if  so,  yielding  another  singular 
paralld  to  observations  made  in  Europe  and  remarked  upon  by 
Professor  Bamsay*. 

The  evidence,  so  far  as  it  goes,  suggests  that  volcanic  activity 
may  have  become,  dormant  in  the  east  while  it  became  active  in  the 
west,  and  also,  as  seen  at  the  Snowy  BlufE^  that  the  volcanic 
materials  changed  from  an  acid  to  a  basic  character. 

A  consideration  of  all  the  localities  where  I  know  strata  to  occur, 
which  may  not  unreasonably  be  referred  to  the  Upper  Devonian 
group,  of  which  the  Iguana-Greek  beds  are  the  type,  has  led  me  to 
believe  that,  at  the  commencement  of  the  deposition  of  those  strata, 
denudation  had  almost  proceeded  to  the  extent  which  it  has  again 
gained.  This  may  be  seen  at  Mount  Taylor,  Tabberabbera,  the 
Snowy  Bluff,  Cowombat,  the  Native-Dog  Creek,  and  the  Oibbo 
Biver. 

I  have  at  present  no  evidence  to  advance  as  to  the  condition  or 
the  position  of  the  Upper  Devonian  land. 

Future  inquiries  may  possibly  throw  light  on  this  obscure  ques- 
tion ;  and  I  look  forward  with  some  slight  hope  to  an  examination  of 
ihe  great  and  almost  unknown  mass  of  mountains  between  the 
sources  of  the  Mitchell  and  Macallister  Rivers,  whose  dark  goi^es 
may  possibly  yield  as  grand  and  instructive  natural  sections  as  the 
deep  defiles  of  the  Snowv  Biver  have  done. 

Neither  is  there  any  ught  as  to  the  conditions  of  what  is  now 
Korth  Gippsland  during  all  the  long  ages  succeeding  the  Devonian 
until  Tertiary  times.  The  Avon  Sandstones  only  show  us  that  they 
were  similar  to  those  under  which  the  Iguana-(>eek  beds  were  laid 
down. 

The  denuding  agencies  which  have  removed  the  enormous  thick- 
ness of  the  Avon  and  Iguana-Creek  groups  may  certainly  have  at 
the  same  time  stripped  off  superior  and  younger  formations ;  but,  on 
the  other  hand,  it  is  worthy  of  consideration  that  nowhere,  so  far  as 
I  know,  have  even  traces  of  any  strata  of  marine  origin  younger 
than  Carboniferous  been  met  with  in  the  mountains  of  Eastern 
Victoria  above  the  height  of  2000  feet,  or,  excluding  the  Mesozoic 
Goal-measures,  above  the  height  of  1000  feet  from  the  sea-level. 

Passing  over  the  question  whether  the  Mesozoic  Carbonaceous 
ro<^  of  South  GKppsland  ever  extended  over  the  whole,  or  even 
oyer  the  greater  part,  of  North  Gippsland,  as  it  is  evident  the  Upper 
Devonian  and,  perhaps,  the  Carboniferous  formations  once  did,  I 
may  point  out  that  all  the  groups  of  marine  strata  of  Tertiary  age 

*  The  only  reference  which  I  can  at  present  make  to  Professor  Bamsa/s 

S per  it  in  a  short  sammory  in  Professor  Oeikie's  edition  of  Jukee's '  Manual  of 
»logy/  p.  667. 
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are  horizontal,  or  merely  lie  at  yery  low  angles ;  that  the  highest 
beds  thin  t>ut  on  the  flanks  of  the  mountains  at  elevations  nowhere 
exceeding  1000  feet,  and  probably  not  averaging  more  than  600— 
700  feet  above  sea-level ;  and,  farther,  that  similar  statements  also 
apply  to  the  Murray-Biver  Tertiaries  to  the  north  of  the  Great 
Dividing  Bange. 

A  careful  consideration  of  the  interesting  features  presented  hj 
the  deep  leads  of  the  Ovens  District  on  the  north  side  of  the 
mountains,  and  of  the  Gippsland  Marine  Tertiaries  on  the  south 
side,  has  led  me  to  the  belief  that  at  the  dose  of  the  Miocene  or  the 
commencement  of  the  Pliocene  period,  the  land-surface  of  Eastern 
Victoria  probably  did  not  differ  essentially  in  its  physical  features 
from  what  is  seen  now,  but  that  it  stood  at  least  some  300^00  feet 
lower,  relatively  to  the  sea-level,  than  it  now  does. 

I  perceive,  further,  that  the  upper  margin  of  the  Tertiary  marine 
beds  is  now  some  600-700  feet  above  the  sea ;  and  we  have  thus 
represented  to  us  continuously,  from  the  Miocene  period  incluBiTe,  a 
high  mountainous  country  falling  in  elevation  to  the  westward,  and 
having  the  sea  on  the  south,  and  varying  conditions  of  land  and 
water  to  the  west  and  north*. 

The  fact  that  different  genera  of  fish  are  found  in  the  waters 
flowing  from  the  north  and  south  sides  of  the  Australian  Alps  points 
to  a  high  antiquity  of  the  land-surface,  and  to  a  long  continuance  of 
the  watershed. 

Whatever  may  be  the  conclusions  arrived  at  in  respect  to  the 
continuity,  duration,  and  elevation  above  the  sea  of  the  land-surface 
during  Mesozoic  times,  it  cannot,  I  think,  be  doubted  that  the 
Gippsland  mountains  have  existed  as  dry  land  continuously  since 
the  earlier  part  of  the  Tertiary  age. 

A  difficulty  may  be  felt  to  arise  from  the  fact  that  we  have  at 
Bacchus  Marsh  Miocene  beds  with  plant-remains  of  '^a  totally 
different  facies  to  the  recent  flora  of  the  country,  ...  an  entirely 
extinct  series  of  species,  having  generic  and  general  resemblance  to 
the  foliage  of  Asiatic  plants  of  tropical  types  of  Dicotyledonous 
plants  ''f.  It  seems  to  me  that  such  a  difficulty  may  possibly  be 
more  apparent  than  real.  In  Eastern  Gippsland  we  find  at  present, 
in  the  coast-lands  and  the  river-valleys,  a  flora  which  has  been 
described  by  Baron  v.  MiiUer  as  being  of  an  Indian  type,  before 
which  the  Eucatyptw-yegeieAion  recedes  J. 

The  inland  mountains  and  plateaux  show  essentially  the  ordinary 
flora  of  Victoria.  If  a  subsidence  of  the  land  were  to  cause  the 
present  flora  of  the  littoral  country  to  become  fossilized,  and  a  re- 
elevation  of  the  land  were  subsequently  to  take  place,  it  might  be  that 

*  So  far  as  I  now  remember,  the  OUgocene  beds  of  Mount  Martha  at  Port- 
Philip  Bay,  which  are  the  oldest  Tertiary  deposits  with  which  I  am  aoquaintad, 
also  conform  to  the  generally  horizontal  position  of  all  the  Tertiary  groups. 

t  Professor  M'Coy,  Intercolonial-Exhibition  Essays,  186(M(7,  "Kecent 
Zoolo^  and  PalsRontolo^y  of  Victoria,"  p.  16;  also  Geological  Surrey  of 
Victoria,  Quarter-sheet,  No.  12,  N.E.,  notes  0  and  12. 

I  Catalogue  of  the  Victorian  Exhibition,  1861.  EsMy  by  Ferd.  MiUler,  M.D., 
PhJ).,  FJELS.,  &0. 
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tlie  dianged  conditions  of  the  land  would  no  longer  permit  the 
spread  of  East-Australian  forms  of  yegetation  into  the  newly- 
emerged  tract,  bat  that  it  would  be  occupied  by  Victorian  forms. 
The  geologist  of  that  time  would  then  meet  with  a  somewhat 
psnJlel  case  to  that  now  seen  in  the  difference  between  the  Miocene 
ibsEil  flora  of  Bacchus  Marsh  and  the  recent  flora  of  Victoria. 
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2,  On  PorAiTB,  an  Eiiiwuxio  Syenite  occurring  in  Pobtugal.  By 
Charles  P.  Sheibkbb,  Esq.,  Ph.D.,  P.G.S.,  Assoc.  Inst  C«£. 
(Bead  May  22, 1878.) 

[Plates  I.  &  JL] 

The  name  of  this  rock  is  derived  from  the  locality  where  it  occurs, 
yiz.  from  Mount  Poya,  in  the  south  of  Portugal.  It  is  cursorily 
referred  to  as  granite  in  Charles  Bonnet* s  description  of  the  Province 
of  Algarve  ;  and  as  early  as  1861  specimens  of  it  were  submitted  to 
Professor  Blum,  of  Heidelberg,  who  was  the  first  to  examine  its 
composition*.  This  distinguished  petrologist  at  once  recognized  it 
as  a  true  nepheline-bearing  syenite ;  and  so  struck  was  he  with  the 
close  resemblance  it  bears,  not  only  to  certain  Norwegian  syenites 
(often  erroneously  termed  zirconia-bearing  syenites),  but  also  to  a 
syenite  occurring  in  one  of  the  Cape-Verd  islands,  that  he  united 
them  all  into  a  separate  group  called  Foywtes.  Of  these,  however, 
the  Foyaite  proper  is  so  rarely  met  with  that,  to  the  large  majority 
of  petrologists,  it  is  almost  terra  incognita  ;  nor  is  the  locality  itself 
easily  accessible  to  geological  research.  I  have  been  enabled  to 
examine  under  the  microscope  more  than  40  sections  of  this  rock 
representing  different  parts  of  the  locality ;  and  so  interesting  and 
varied  is  its  composition,  that  it  may  not  be  inopportune  to  give  a 
description  of  it,  which  I  shall  preface  by  a  rapid  sketch  of  the 
leading  features  of  the  Poya  district,  as  illustrated  by  the  annexed 
plan  and  section  (Plate  I.). 

The  range  of  hills  which  forms  the  northern  boundary  of  the 
ancient  province  of  Algarve,  in  the  south  of  Portugal,  may  be 
regarded  as  a  continuation  of  the  Sierra  Morena  in  Spain,  inter- 
Qepted  by  the  river  Guadiana.  It  consists  chiefly  of  Devonian  grey- 
wacke,  slates,  and  sandstones,  and,  striking  west,  reaches  nearly  to 
the  Atlantic,  whilst  its  numerous  southerly  spurs  come  in  contact 
with  Jurassic  limestones  and  Cretaceous  strata  as  they  approach  the 
coast-line.  It  is  in  the  north-western  part  of  Algarve,  viz.  in  the 
Sierra  de  Monchique,  that  from  the  greatly  disturbed  and  contorted 
greywacke  strata  there  rises  an  extensive  outcrop  of  crystalline 
rock  in  the  shape  of  two  flat,  elongated  domes — the  Foya  and  the 
Picota.  They  are  the  highest  points  south  of  Lisbon,  their  altitudes 
being  905  and  735  metres,  or  2968  and  2410  feet  respectively  t. 
The  point  of  contact  with  the  greywacke  strata  lies  at  contour  182 : 
hence  the  vertical  outcrop  of  the  crystalline  mass  is  equal  to  726 
metres,  or  about  2400  feet,  whilst  the  superficial  area  it  covers 
amounts  to  about  84  square  miles.  It  is  a  noticeable  feature  that 
the  Picota  does  not  follow  the  general  direction  of  strike,  and  that 
its  longitudinal  axis  deviates  from  that  of  the  Foya  by  an  acute 

*  Jahrbuch  fiir  Mineralogie,  1861,  p.  426.  The  specimens  were  oolleoted  by 
Br.  Beiss. 

t  The  altitudes  are  taken  from  Ckneral  Folque's  Ordnance  Map  of  Portagal, 
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angle  of  about  34°.  The  two  mountains  are  united  at  their  base, 
thus  forming  a  valley  which  is  called  the  "  Barrocal,*'  and  which, 
owing  aUke  to  its  beautiful  climate  and  exuberant  vegetation,  is 
look^  upon  as  an  El  Dorado  by  the  inhabitants. 

The  local  nature  and  position  of  the  crystalline  mass  both  seem 
to  differ  greatly  at  different  points.  The  rock  often  changes  abruptly 
from  coarse  to  fine-grained ;  and  all  varieties,  from  the  coarse  crystal- 
line to  a  porphyritic,  ft*om  the  unaltered  to  a  metamorphic  variety, 
are  represented.  A  very  fine-grained,  almost  compact  variety 
inters^ts  the  coarse  crystalline  mass  in  narrow  veins,  and  occurs 
likewise  interbedded  as  dykes.  The  surface  of  both  mountains  is 
Strewed  with  large  blocks  which  often  form  conically-shaped  monnds 
and  are  frequency  weathered.  On  the  whole,  it  would  appear,  from 
the  spedmena  I  have  examined,  that  the  main  portions  of  the  Poya 
and  tiie  Picota,  as  well  as  the  eastern  slopes,  consist  chiefly  of  the 
fine-grained  variety ;  whilst  on  the  southern  slopes  tho  rock  is  more 
coarse-grained.  Again,  the  greywacke  strata  at  the  eastern  ex- 
tremity, near  Marmeleta^  are  altered  and  decomposed  at  the  point 
of  contact ;  whereas  to  the  south,  as  near  Coldas,  no  alteration  is 
perceptible.  Not  the  least  interesting  feature  in  this  district  is  the 
large  number  of  veins  of  Tertiary  eruptive  phonolitic  and  basaltic 
rock  which  occur  throughout  the  crystaUine  mass,  and  coincide  with 
similar  veins  in  the  Jurassic  and  Tertiary  strata  near  Cape  St. 
Tincent.  These  veins  intersect  the  surface  in  all  directions,  and 
warrant  the  conclusion  that  the  whole  district  has  lost  much  of  its 
former  height,  an  enormous  mass  of  rock  having  probably  been 
removed  by  denudation. 

An  examination  of  Eoyaite  with  the  naked  eye  shows  ita  essential 
constituents  to  be  monoclinic  felspar  (orthoclase),  elaeolite  (the 
coarse  variety  of  nepheline),  and  hornblende. 

Orthoclase  is  largely  predominant,  generally  of  a  greyish-white 
colour,  showing  strong  greasy  lustre  on  the  planes  of  cleavage. 
Eheolite  shows  hexagonal  or  rectangular  contours,  and  is  of  a 
reddish-grey  or  flesh  colour  with  strong  greasy  lustre.  Hornblende 
occurs  chiefly  in  long,  slender,  prismatic  crystals  of  a  greenish-black 
colour,  with  strong  lustre  on  the  planes  of  cleavage.  The  porphyritic 
variety  shows  large  crystals  of  orthoclase,  and  in  places  also  crystals 
of  eheolite  imbedded.  The  accessory  constituents,  determinable 
with  the  lens,  are  brownish-yellow  titanite,  dark  lamellar  biotite, 
grains  of  magnetitO)  and  traces  of  pyrite. 

But  under  the  microscope  Foyaite  exhibits  a  far  more  varied  and 
interesting  appearance.  Not  only  do  all  the  constituents  I  have 
mentioned  present  themselves  wilh  all  their  peculiarities  of  structure, 
of  intergrowth,  of  juxtaposition,  but  nosean  and  sodalite  are  found 
to  be  present  as  characteristic  accessories  under  altogether  novel 
conditions,  whilst  tridinic  felspar,  muscovite,  haematite,  and  apatite 
are  also  met  with. 

Orthoclase  is  predominant  in  large  crystals,  not  always  with  regular 
outlines,  of  a  greyish-white  colour,  dull,  generally  translucent, 
showing  numerous  Carlsbad  twins  in  polarized  light.     It  is  nearly 


Digitized  by 


Google 


iI-viTs  xxsTcsrrvx  vi:^  wamt  jrfiiyi'trfgtf,  whicii,  from  nnmeroiis 
iBBsPzreBnriJf  x  ia«  aarar*,  I  ^»»i  t»  be  oli^ocUde,  as  determined 
br  M.  r«s  Cj.t  ?rfcST-  Tiss  iri.:Iiric  feispar  forma  in  one  case  a  zonal 
fncmr  r?G&i  i^  :c:^>:Lfe9eL  lai  ia  pnlanwd  li^it  the  twin-striation 
caa  Se  «fts^y  tkotluaL  y^aaercKts  intcfpositions  of  haematite,  as 
veZ  »  zirrxTT^sciiLs  zi  'bdr'ti^e.  a^iitew  and  magnetite  are  discernible 
vbesewr  t^  nrrbyla^  is  laienJtij  pellaGid.  Orthodaae  pre* 
^ASLi^isas  ^*r^7  ia  t^  immim  ciaii>ed  Tanetr  of  Foyaite. 

£7.f%V  :«  ^.^^es  ^:k  ocecr  ir  -wtl^-ogtaed  crystak,  bat  shows  irregular 
€ciliae&. »  cttL*:cr^aa.  traK^aresiu  aad  fall  of  transversal  cracka 
aai  S^spa^  Ir  roe  or  rv»  cam  it  shova,  howorer,  distinct  zonal 
str^^r;;=I>e.  aai  i<  ^pq^ae^ih-  assoctated  with  nosean  and  sodalite^ 
these  b«t^  isS^i^Ai  ir  ii.  Tlfc:<Q»h  on  the  whole  fresh  and  un- 
ah«f^  tberr  art  traeca  ei  OMOBpoatioii,  owing  to  the  inflaence  of 
macTKGt«.  It  is  frcqixrT^T  stadied  with  microlites  and  inter* 
pcsitiotts  0/  hiecaniY  fjcsr\g  rows  and  bands  across  the  length  and 
breadth  of  tbe  iciaer^ ;  griias  of  m&snetite,  hexagonal  needles  of 
ap*tit««  microcrv>t:iIs  <</  tiianire,  and  distinctly  dichroitic  horn* 
bl^^kde,  ia  extnrsDekT  ssjH  b-^  c^arlv-defined  crystals,  constitute 
the  ranainiiif  iTi^rrpasuoas ;  nor  art  thefie  wanting  rows  and  chains 
of  flTiid-<:sTin«^  ssch  as  are  ^«^)«rilly  obserred  in  this  mineraL  I 
may  add  that  I  fou:^i  more  eljeolite  in  the  fine-grained  than  in  the 
eo&rse>grftiaed  Foyaixe, 

Hornh^'^U  and  A^^jiu  occur  in  Foyidte  in  almost  eqnal  quantity, 
and  so  intmrrown  and  associated  are  they  with  each  other,  that  it 
would  of^en  be  difficult  to  di>tinrai>h  them  were  it  not  for  their 
difiercnt  deportment  in  polartied  light,  the  larger  prismatic  angle  of 
hornblende  in  sections  Tntical  to  the  main  axis,  and  the  charac- 
teristic crystaUocrTaphic  combination  of  aogite,  viz.  the  prism  witJi 
ortho-  and  clinopinakoid.  Moreover,  I  fouod  that,  when  measurable, 
the  angle  between  the  main  axis  and  the  plane  of  yibration  in 
sections  paraUel  to  the  orthopinakoid  is  always  below  20^  in  the 
hornblende,  and  varies  between  4Kr  and  50°  in  augite— -a  result 
which  agrees  with  the  measurements  of  Dr.  Tschermak,  and  con- 
stitutes an  important  criterion  when  both  minerals  occur  in  juxta- 
position. The  colour  of  both  is  a  rich  green,  with  occasionally  a 
brownish  tinge  in  hornblende.  The  crystals,  which  vary  consider- 
ably as  to  size,  aro  generally  long,  columnar,  six-sided  in  horn- 
blende, eight-sided  in  augite,  and  chow,  on  the  whole,  distinct  out- 
lines, though  these  aro  frequently  blurred  by  the  characteristic  black 
frame  traceable  to  decomposition.  Both  minerals  aro  almost  invari- 
ably associated  with  biotite,  magnetite,  and  not  unfrequently  with 
titanite,  and  contain  not  only  innumerable  microlites  and  inter- 
positions of  the  accessory  constituents  of  Foyaite,  but  also  micro- 
crystals  of  their  own  kind ;  nor  aro  thero  wanting  twins  whose  seam 
comes  out  with  admirable  clearness  in  polarized  light.  But  the 
most  romarkable  featuro  in  connexion  wiUi  hornblende  and  augite 
in  Foyaite  is  their  peculiar  intergrowth  and  their  tendency  to 
molecular  alteration  or  paramorphosis,  not  unfrequently  exhibited  in 

*  The  angle  by  which  the  plane  of  vibration  deviates  fh>m  the  twin  line. 
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IwMiLifuIIy  developed  crystak  in  which  an  eight-sided  aogite  forms  the 
mideiis  of  hornblende  (PI.  II.  fig.  2).  The  tendency  in  angite  to  in- 
teigrowth  has  been  pointed  ont  bjDr.TschermakjWho  fonnd  angite  as 
nndens  not  only  of  hornblende,  bnt  also  of  diallage  crystals ;  and,  simi- 
laiiy,tlie  mineral  known  as  nralite  has  been  recognized  as  augite  whose 
nndens  has  remained  intact  whilst  the  enter  portion  of  the  crystal 
has  been  altered  into  hornblende,  frequently  bearing  traces  of  its 
aogitic  origin.  The  larger  crystals  of  hornblende  and  angite  in 
Foyaite  are  often  fractured:  in  the  fine-grained  variety,  which 
contains  considerably  more  of  both  than  the  coarse-grained,  they 
are  diffused  throughout  the  rock,  partly  in  fragments,  now  and  then 
in  fresh  dearly-defined  microcrystals,  or,  again,  in  large  aggregations 
with  magnetite  and  biotite. 

No99an  and  Sodalite  occur  in  Poyaite  almost  invariably  associated 
and  intergrown,  a  fact  which,  so  far  as  I  know,  has  not  hitherto 
been  observed  in  other  rocks.  Pour-  and  six-sided  sections  of  nosean, 
often  showing  xonal  structure  with  a  dark  nudeus,  are  imbedded  in 
and  surrounded  by  an  irregular  broad  belt  of  sodalite  (PL  II.  fig.  1). 
The  outlines  of  nosean  are  often  indistinct,  owing  to  the  rapid  de- 
composition of  the  mineral,  whose  sections  are  generally  filled  with 
the  diaracteristic  muddy  yellowish  dust,  grains  of  magnetite,  and 
iininmerable  bluish-green  microcrystals  ;  nor  are  needles  of  apatite 
less  numerous.  Sodalite  has  similar  interpositions,  but  is  generally 
dear  and  tran8x>arent,  with  vitreous  lustre  and  occasiond  zeolitio 
Teiiis,  conspicuous  by  their  vivid  polarization.  Both  nosean  and 
sodaHte  are  met  with  imbedded  in  elseolite ;  and  the  frequent  inter- 
giowth  of  those  two  isomorphous  minerals  exhibits  in  many  sections 
a  very  diaracteristic  appearance.  One  section,  in  which  both 
oiinerals  are  thus  associated  and  have  suffered  comparatively  little 
from  deeomposition,  gave  rise  to  a  micro-chemical  test  for  sulphuric 
acul  in  nosean  and  for  chlorine  in  sodalite.  Treated  with  hydro- 
ddonc  add  and  chloride  of  barium,  nosean  gave  a  distinct  white 
|«edpitate;  and  an  unmistakable  chlorine  reaction  resulted  from 
treating  sodalite  with  nitric  add  and  nitrate  of  silver;  so  that  no 
donbt  could  be  entertained  as  to  the  true  nature  of  these  two 
minerals.  The  crystals  of  nosean  vary  greatly  in  size,  but  measure 
BometimeB  as  much  as  1*75  millim.  across  the  section. 

BiotiU  is  met  with  in  numerous  brown,  lamellar,  transparent 
plates  and  flakes,  showing  marked  dichroism  and  strong  absorption 
in  polarized  light.  It  is  invariably  assodated  with  hornblende, 
augite,  and  magnetite,  and  contains  a  great  variety  of  interpositions 
of  ^Mtite,  titanite,  and  other  accessories  occurring  in  the  rock. 
The  prismatic  plates  are  frequently  distorted,  torn,  and  fractured, 
and  vaiy  greatly  in  size.  In  the  fine-grained  variety  of  Poyaite, 
biotite  forms  large  aggregations  with  hornblende,  augite,  and 
magnetite.  Muscovite  occurs  also  in  Poyaite,  though  very  rarely, 
and  only  in  very  small,  transparent,  colourless,  irregular,  polygonal 
pittes,  which  are  distinctly  lamellar,  and  on  that  account  cannot  be 
Bustaken  for  quartz,  though  their  vivid  chromatic  polarization  is 
liable  to  mislead.     It  should  be  noticed  that  in  Poyaite  this  white 
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mica  is  not  found  intergrown  with  biotite,  but  with  folspar  and 
elsBolite. 

One  of  the  most  noteworthy  features  in  Poyaite  is  the  yery 
frequent  occurrence  of  tUanitc.  This  mineral  is  distingaished  hy 
the  freshness  of  its  crystals  and  the  distinctness  of  its  outlines. 
It  occurs  with  great  regularity  in  all  the  varieties  of  Foyaite, 
and  is  at  once  recognized  by  its  delicate  yellow  colour,  its 
transparency,  its  strong  lustre,  and  the  singular  purity  of  its 
substance.  It  is  met  with  chiefly  in  elongated  rhombic  and  six- 
sided  prisms,  which  are  traceable  to  the  favourite  combination  of  this 
mineral,  viz.  the  hemipyramid  with  positive  hemidome,  dinodome, 
and  basal  plane.  Though  frequently  intergrown  with  hornblende 
and  augite,  it  occurs  more  particularly  in  isolated  crjBtals  which  are 
found  imbedded  in  elseolite  and  biotite.  Some  of  the  crystals  abound 
in  interpositions  of  hornblende,  augite,  biotite,  apatite,  and  magnetite; 
and  in  some  rare  cases  the  edges  show  some  slight  traces  of  decom- 
position. Pleochroism  is  generally  so  faint  that  it  is  hardly  per- 
ceptible ;  on  the  other  hand,  twins  are  by  no  means  so  rare  in  this 
titanite  as  might  be  supposed,  and  it  is  notably  in  crystals  of 
small  size  that  a  delicate  seam  attests  twin-structure. 

The  occurrence  of  magnetite  in  opaque  black  grains  or  polygonal 
outlines  is  so  uniform  in  rocks  that  it  does  not  call  for  special 
reference  here ;  nor  need  I  dwell  on  hcematite^  py^^i  &nd  txpatite,  which 
occur  in  Foyaite,  as  in  other  kinds  of  rock,  purely  as  adv^ititious 
minerals — ^haematite  in  pink  microscopic  6iz-«ided  plates,  or  in  rows 
and  bands  as  interpositions  ;  p3nrite  in  isolated  opaque  grains  show- 
ing yellowish  reflected  light;  and  apatite,  whose  microscopic, 
colourless,  transparent,  columnar,  hexagonal  prisms,  wedges,  and 
needles  are  truly  ubiquitous. 

As  regards  the  chemical  composition  of  Foyaite  and  its  con- 
stituents, it  is  notably  ekaolite  which  deserves  special  investigation, 
with  a  view  to  ascertain  the  presence  and  percentage  of  sulphuric 
acid ;  and  an  analysis  I  made  of  this  mineral  gave  the  followiDg 
result : — 

Silica    43*46  per  cent. 

Sesquiozide  of  iron 1*67      ,» 

Alumina 32'77      „ 

Lime    0-40      „ 

Magnesia 0*09      „ 

Soda 15-26      „ 

Potassa     4'34      „ 

Sulphuric  acid O'lB      „ 

Water 1-56      „ 

99-68      „ 

This  result  coincides  with  the  analyses  made  by  Prof.  Soheerer, 
Kammelsberg,  and  others  of  elseolite  occurring  in  other  rocks,  though 
the  presence  of  sulphuric  acid  has  been  established  only  in  a  few 
cases.  An  analysis  of  Foyaite  made  by  Mr.  T.  S.  Humpidge  gave 
the  f olbwing  composition  of  the  rock : — 
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Silica    56-23  per  cent. 

Seqnioxide  of  iron  • 0*17  „ 

Protoxide  of  iron 6-21  „ 

Alumina 23-15  „ 

Lime 2-39  „ 

Magnesia 0-40  „ 

Soda 3-84  „ 

Potassa 5-33  „ 

Titanic  acid 0-27  „ 

Phosphoric  acid    013  „ 

Sulphuric  acid 0-09  „ 

Chlorine   0-07  „ 

Water 1-06  „ 

99-34      „ 

Such  is  the  mineralogical  and  chemical  composition  of  Eoyaite. 
It  shows  that  in  virtue  of  its  essential  constituents,  coupled  with 
the  ahsenoe  of  quarti,  this  rock  is  a  true  elaoolitic  syenite  belonging 
to  the  more  ancient  eruptive  series,  accompanied  by  porphyritio 
varieties  of  the  same,  and  by  corresponding  phonolitic  varieties  of 
Tertiary  origin.  By  its  wealth  of  rare  but  purely  adventitious 
minerals  it  bears  a  close  resemblance  to  ditroite  (Transylvania), 
miasoite  (Siberia),  and  certain  syenites  of  Brevig  and  Cape  Yerd, 
moit  of  which  are  fully  described  in  the  luminous  works  of  Prof. 
Ziikel,  Tom  Rath,  Bosenbusch,  and  others.  Hence  there  is  no 
apparent  reason  why  the  nomenclature  of  petrology  should  be 
farther  encumbered  by  a  special  group  of  Eoyaites,  more  especially  as 
xoicroscopio  investigation  of  rocks  is  constantly  producing  firesh 
evidence  not  only  of  the  infinite  variety,  but  of  the  beautiful 
simplicity  of  Nature. 


SXPLAKATION  OF  THE  PLATES. 
Platb  I. 

Kg.  1.  Plan  of  Foya  Diitrict,  Portugal.    Altitudes  in  metres. 
2.  Section  of  ditto. 

Platb  IL 

^>  L  Section  of  Foyaite,  ihowing  noeean  oryital  lurrounded  by  belt  of  eoda- 
hte,  with  interpoeitionB  of  ma^etite  and  apatite,  and  aaeociated  with 
fliUeolite,  augite,  hornblende,  biotitei  titanite,  &e.  Magnified  20  dia- 
meters. 
2.  Section  of  Foyaite,  showing  hornblende  orystal  with  augite  nucleue,'with 
aaociatad  minends.    Magnified  20  diameters. 
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S»  On  the  Migboscopic  SxBiroTimB  of  Sibokatoporidji,  (tnd  on. 
Paubozoic  E0S8IL8  mineralized  with  Silicatbb,  in  iUustratiat% 
of  EozooH.  By  J.  W.  Dawboh,  LL.D.,  P.R.8.,  P.GJS.,  &c. 
(B«ad  June  5, 1878  ♦.) 

[PULTB8  m-y.] 

Axoire  the  collateral  sabjects  which  hare  arisen  in  the  discnssioiui 
with  respect  to  Eozoon  canadense^    two  of   the  most  important 
are : — Ist,  the  question  of  its  structural  relations  with  the  Pedseozoio 
fossils  of  the  genus  Stromatopora  and  allied  genera ;  2nd,  the  oc- 
currence in  Palaeozoic  rocks  of  fossils  mineralized  with  hydrous 
silicates  akin  to  the  serpentine  and  loganite  found  in  some  of  the 
best-preserved  specimens  of  the  Laurentian  fossiL     Por  sereral 
years  I  have  taken  advantage  of  every  opportunity  to  make  collec- 
tions illustrative  of  these  questions,  and  to  subject  the  specimens 
obtained  to  microscopic  examination.     In  this  I  have  been  greatly 
aided  by  friends  who  will  be  mentioned  in  the  sequel,  and  by  the 
large  number  of  excellent  sections  prepared  by  Mr.  Weston,  of  the 
Geological  Survey  of  Canada,  for  the  late  Sir  W.  E.  Logan  and  for 
myself.     In  the  following  paper  I  purpose  to  state  the  conclusions 
arrived  at  as  the  result  of  these  observations,  with  such  portions  as 
may  be  necessary  of  the  large  aocumulations  of  facts  on  which  they 
are  based. 

L  SlB0][AI0P0BII>.fi. 

Ist.  Microscopic  Structure, — The  Stromatoporid»  have  long  heen 
a  zoological  stumbling-block,  and  have  been  referred  to  Corals, 
Sponges,  Poraminif era,  and  even  to  Hydractinise.  I  do  not  purpose 
to  review  these  diverse  opinions,  most  of  which  are  undoubtedly 
based  on  imperfect  acquaintance  with  the  microscopic  structure  of 
these  curious  fossils,  but  to  give  an  intelligible  account  of  the  struc- 
ture of  some  typical  species,  preparatory  to  the  consideration  of  their 
relation  with  Eozoon. 

The  genus  Stromatopora,  properly  so  called,  is  founded  on  the 
species  Stromatopora  concentricaj  Goldftiss,  and  its  allies,  which  range 
from  the  Upper  Cambrian  to  the  Devonian  inclusive.  Avoiding,  for 
the  present,  complexities  arising  from  the  various  states  of  prp.serva- 
tdon  and  of  weathering,  I  may  refer  in  the  first  instance  to  remark- 
ably well-preserved  specimens  from  the  Comiferous  Limestone  of 
Ohio,  and  from  the  island  of  Marblehead  in  its  vicinity,  which  have 
been  placed  in  my  hands  by  Mr.  A.  E.  Walker  of  Hamilton,  and  Xh*. 
KewlMdrry  of  New  York.  In  these  the  concentric  laminss  and  pillart 
of  the  fossil  are  in  the  condition  of  opaque  calcite,  apparenUy  re- 
taining its  minute  structure  and  not  affected  by  crystallization ;  and 
the  interspaces  or  chambers  are  occupied  by  transparent  calcite, 
*  For  the  DifCUMion  on  this  paper  sm  p.  €8. 
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permitting  all  the  Btractures  to  be  very  well  seen,  either  on  polished 
Burfiices  or  in  transparent  slices  ♦. 

In  these  specimens  about  three  interspaces  and  two  laminae  occur 

in  the  spaoe  of  a  millimetre ;  and  though  neither  the  laminse  nor  the 

interspaces  are  uniform  in  thickness,  the  latter  are  about  twice  the 

width  of  the  former.     In  some  places  the  laminae  rise  into  conical 

or  rounded  eminences  with  corresponding  depressions;   in  others 

they  are  nearly  flat  and  concentric,  this  difference  being  apparently 

aoddentaL    The  laminas  are  connected  with  each  other  by  pillars, 

which  are  either  round  or  somewhat  flattened  (PI.  III.  fig.  1).    The 

texture  of  the  laminae  is  not  spicular,  but  perfectly  continuous  and 

finely  granular,  as  if  made  up  of  minute  fragments  of  calcite.  When 

the  mass  is  broken  parallel  to  the  laminae,  the  pillars  appear  aa 

minute  tubercles  (PI.  IV.  fig.  5),  but  a  true  exterior  surface  is  smooth. 

The  laminsB  are  pierced  with  numerous  round  pores  about  one  tenth 

of  a  millimetre  in  diameter.     Some  of  these  pass  through  hollow 

pillars  across  one  interspace  into  another ;  but  the  greater  part  pass 

through  the  laminae  from  one  interspace  into  the  next.    The  laminae 

tiiemselves  are  here  and  there  pierced  with  horizontal  tubes  which 

thicken  the  laminaB  where  they  pass  (PL  lU.  ^,  3, 6) ;  they  appear 

to  traverse  the  laminas  obliquely  from  one  space  into  another,  or  from 

the  hollow  pillars  laterally.    They  may  be  called  canals.    In  addition 

to  the  ordinary  laminae,  some  of  the  chambers  or  interspaces  are  sub* 

divided  by  very  thin  secondary  laminae.     In  a  few  cases  these  are 

attached  to  ordinary  laminae  as  a  sort  of  inner  walL    The  ordinary 

himinffi  in  the  more  regular  specimens  are  often  of  great  continuity^ 

extending  without  interruptions  for  several  square  inches. 

In  some  specimens  there  are  a  few  rounded  perforations,  less 
than  a  millimetre  in  diameter,  which  extend  vertically  through 
several  interspaces.  Their  waUs  are  densely  calcareous.  They  are 
often  covered  up  with  the  growth  of  the  laminae,  and  seem  to  have 
no  connexion  with  the  other  parts  of  the  structure.  I  do  not  regard 
them  as  oscula,  but  as  perforations  of  some  parasitic  animal ;  and  I 
4ittribute  to  the  same  origin  certain  rounded  cavities,  similarly  walled, 
in  other  parts  of  the  mass. 

The  above  is  an  accurate  description  of  the  most  common  type  of 
Stromatopora  when,  as  nearly  as  possible,  in  its  natural  condition. 
Other  species  of  the  genus,  as  now  usually  limited,  differ  principally 
in  the  thicknesses  and  distances  of  the  laminas,  in  the  number  and 
size  of  their  perforations,  and  in  their  more  or  less  tuberculated  sur- 
faces. In  some  species  the  pores  are  so  numerous  that  the  laminae 
appear  reticulated ;  in  others  the  laminsB  are  so  much  thickened 
that  the  pores  appear  as  tubuli.  The  pillars  also  differ  somewhat 
in  size  and  form.  In  the  very  numerous  specimens  which  I  have 
examined,  I  have  convinced  myself  that  while  the  laminae  are  always 
porous  they  are  never  spicular,  and  that  the  so-called  oscula  are  ac- 
cidental.   They  are  due  either  to  the  causes  above  referred  to  or  to 

*  These  specimens  are  associated  with  a  beautiful  Saccammina,  having  a  cal- 
careous test,  which  I  hare  described  as  Sacoamnma  eriana, 

aJ.G.S.  No.  137.  B 
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branches  of  Syringapora  and  similar  corals  included  in  i^  mass  of 
StromcUopora. 

It  is  evident  from  the  above  description  that  the  animal  matter 
of  Stromatapora  must  have  occapied  the  chambers  or  interspaces, 
and  mnst  have  extended  from  chamber  to  chamber  throng^  the 
pores  and  hollow  pillars.  Such  a  structure  is  obviously  that  of  a 
rhizopod  rather  tlian  of  a  sponge.  Purther,  the  arrangement  of  the 
laminae  and  pillars  is  very  nearly  allied  to  that  of  Parheria  and 
Lofimia  as  described  by  Carpenter  and  Brady,  which  T  have  myself 
studied  in  specimens  kindly  given  to  me  by  Professor  T.  B.  Jones  ^. 
In  so  far  as  the  hollow  pillars  and  perforated  plates  are  concerned, 
it  has  some  points  of  correspondence,  though  more  remote,  with 
Beeeptactdites.  The  supposed  oscula  on  which  has  been  based 
a  reference  of  these  forms  to  sponges  are  certainly  not  cofnstant. 
I  have  seen  large  masses  of  the  form  above  described,  presenting 
more  than  30  square  inches  of  surface,  without  a  trace  of  an  oscn- 
lam ;  and  in  those  specimens  where  tubular  orifices  appeared,  I  have 
found  that  they  cut  like  perforations  made  by  a  boring  instroment 
through  the  mass,  irrespective  of  its  structure,  and  that  they  were 
lined  with  continuous  calcareous  walls  different  from  the  laminse  of 
the  fossil.  It  is  scarcely  necessary  to  say,  after  ihe  above  descriptions, 
that  I  attach  no  scientific  value  to  the  ingenious  and  elaborate  attempt 
of  Mr.  H.  J.  Carter  ('Annals  and  Magazine  of  Natural  History,' 
ser.  4,  vol.  xix.  p.  44)  to  prove  that  Stromatopora  are  skeletons  of 
hydroids  allied  to  Eydraetinia,  The  resemblances  of  StranuUoponjB  to 
these  hydroids  are  altogether  superficial,  and  depend  on  both  having 
a  parasitic  and  concentric  habit  of  growth.  In  every  essential  cha- 
racter they  differ  entirely,  and  can  have  no  dose  zoological  affinity. 
In  comparison  with  JSozoon,  the  general  appearance  and  habit  of 
growtii  are  so  similar  that  specimens  cannot  easily  be  distingmshed 
by  the  naked  eye,  or  where  the  minute  structures  are  not  preserved. 
In  microscopic  structure  the  thin  laminsB  of  StronuUoparas  oorrespond 
to  the  proper  wall  of  Eozoon.  The  thickening  of  the  walls  corre- 
sponds to  the  supiilemental  skeleton,  and  the  horizontal  tubes  to  tii» 
canals,  while  the  interspaces  and  the  pillars  correspond  te  the 
chambers  and  connecting  walls  of  the  older  fossil.  The  main  siamo- 
tural  difference  is,  that  while  Eozoon  has  a  delicately  tubulated  proper 
wall  of  Nummuline  type,  that  of  StromtUopora  has  coarser  perora- 
tions and  pores.  Stromatopora  and  Eozoon  may  both  be  regarded  as 
large  sessile  laminated  calcareous  Ehizopods ;  but  the  former  pre* 
Bents  a  less  generalized  type  than  the  latter,  which  combines  stnie- 
tnres  that  were  usually  separated  even  in  the  Paleozoic  period. 

Stromaioporoi  of  the  type  above  described  are  abundant  in  the 
Comiferous  Limestone.  They  occur  throughout  the  Upper  Silurian 
and  are  especially  abundant  and  of  large  size  in  the  Niagara  lime- 
stone, where  they  abound  even  in  those  Dolomitic  beds  that  contain 

*  More  recently  I  have  aieo  studied  the  remarkably  beautiful  speoiefl  of 
Loftuaia  from  British  Oolumbia  described  by  Mr.  G.  M.  Dawson,  which  oonfinii 
the  resemblance  of  these  specimens  to  Stromatopora  (see  his  paper  read  before 
this  Society,  60-d,  p.  69). 
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few  oCher  foesib.  They  are  also  abundant  in  the  Dolomite  of  the 
Gaelph  limeetone ;  and  it  is  perhaps  not  accidental  that  both  here 
and  in  the  Laorentian,  fossils  of  this  stmctnre  are  associated  with 
mtgnesian  rocks.  They  occnr  also  in  the  Lower  Silnrian,  though 
less  abundantly ;  and  the  oldest  specimen  I  have  seen  is  in  the  Pots- 
dam Sandstone ;  and  this,  its  stmctnre  not  being  preserved,  may  have 
belonged  to  Eozoon  rather  than  to  Stromaiopora,  The  Lower  Siln- 
rian species  have  usually  very  thin  and  continuous  walls.  Li  the 
great  Niagara  Limestone,  as  seen  at  Niagara  Palls,  the  masses  of 
Stromatopara  occur  precisely  as  Eozoon  occurs  in  the  Laurentian 
limestones,  and  are  mineralized  with  quartz  and  dolomite,  and  often 
almost  entirely  converted  into  crystalline  masses,  though  occasion- 
ally showing  th^  structure  in  great  perfection. 

Certain  beds  of  the  Niagara  formation,  near  Hamilton,  contain 
not  only  Stromatoporce^  but  multitudes  of  sponges  ;  and  through  the 
kindness  of  Lieutenant-Colonel  Grant,  of  that  place,  I  have  been 
enabled  to  examine  a  number  of  specimens  of  these,  and  to  compare 
them  with  Stromatoporce.  These  sponges  are  all  siliceous  and  spicu- 
late,  and  belong  chiefly  to  two  or  three  species  of  Astylospongia  of 
Bomer,  and  to  Auloeopina  of  Billings,  of  which  his  A,  Orantii  is 
the  tjrpe.  The  species  of  Astylospongia  present  a  most  regular  and 
beaut^  hezactinellid  structure,  as  perfect  as  that  in  the  sponges 
of  the  Cretaceous,  showing  even  the  hollow  nodes,  which  have  been 
nipposed  to  be  absent  in  the  Palaeozoic  Hexactinellidae.  Auloeo- 
pina has  a  different  structure,  presenting  series  of  hexagonal  tubes 
built  up  with  interlaced  spicules,  and  giving  off  bundles  of  spicules 
in  a  radiating  manner.  These  sponges  are  thus  entirely  distinct, 
both  in  material  and  structure,  from  the  contemporary  Siromato- 
porce,  and  there  is  no  link  of  connexion  whatever. 

Hie  species  included  in  the  genera  Caunopora  of  Phillips  and 
CfoMogtroma  of  Winchell,  and  in  part  in  Syringostroma  of  Nicholson, 
and  which  may  be  represented  by  the  Stromaiopora  polymorpha  of 
Goldfdss,  have  the  horizontal  canals  largely  developed  in  laminas 
thickened  by  supplemental  deposit,  and  traversed  by  an  infinity  of 
minute  canaliculi  or  ramifications  of  the  canals  opening  at  dieir 
surfaces.  The  horizontal  canals  radiate  from  central  points  where 
ihey  are  connected  with  vertical  tubes  or  groups  of  tubes  penetrating 
the  whole  thickness  of  the  mass  (PL  IV.  fig.  9,  and  PL  V.  fig.  10). 
The  whole  organism  thus  becomes  divided  into  a  series  of  vertical 
systems,  whidi  often  very  much  obscure  the  concentric  lamination, 
Md  in  different  states  of  preservation  give  very  perplexing  appear- 
ances. They  may  all  be  explained  by  bearing  in  mind  that  the  hori- 
zontal canals,  like  those  of  Stromaiopora  proper,  pass  in  the  substance 
of  the  laminse,  now  much  thickened,  and  that  at  the  centres  of  the 
systems  they  descend  through  the  chambers  by  vertical  tubes  or  groups 
of  tubes  which  correspond  to  the  hollow  pillars  of  Stromaiopora. 

A  great  number  of  specimens  of  Caunopora,  C<XM$tromaf  and 
allied  forms,  both  European  and  American,  have  passed  through  my 
hands ;  but  I  was  unable  to  decide,  except  inferentially,  as  to  their 
minute  structure,  till  I  was  so  fortunate  as  to  obtain,  through  the 
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kindness  of  Mr.  Selwyn,  Director  of  the  Geological  Surrey  of  Canada; 
a  specimen  collected  by  Professor  B.  Bell  on  the  Albany  River, 
Hudson's  Bay,  in  rocks  of  Upper  Silurian  age.  In  this  specimen 
the  skeleton  remains  as  carbonate  of  lime,  while  the  canals  and  tubes 
are  in  great  part  empty,  so  that  their  minute  ramifications  are  in  the 
condition  of  a  recent  specimen,  and  can  be  injected  with  colouring- 
matter.    The  actual  structures  thus  presented  are  as  follows : — 

Laminae  thin  and  obscure.  Chambers  almost  entirely  filled  with 
supplemental  deposit,  traversed  by  innumerable  microscopic  hori- 
zontal canaliculi,  which  are  tortuous  and  anastomose  frequently. 
They  are  connected  with  systems  of  radiating  canals  which  termi- 
nate centraUy  in  vertical  tubes  traversing  the  whole  thickness  of 
the  specimen,  and  opening  at  the  surface  in  round  pores  visible  to 
the  naked  eye  and  placed  on  the  summits  of  slight  eminences.  The 
pores  are  about  4  millimetres  apart  horizontally.  The  upper  surface 
is  smooth  and  does  not  show  the  radiating  canals,  but  these  are 
disclosed  by  erosion  or  by  horizontal  fracture.  This  species  closely 
resembles  Hall's  Caunapora  incrustans,  from  the  Devonian  of  New 
York ;  but  the  pores  are  more  regular  and  less  than  half  as  far  apart, 
and  the  radiating  tubes  are  more  numerous.  For  the  above  species 
I  have  proposed  the  name  Caunopora  hucUonica  (PL  lY.  fig.  9  and 
PL  V.  fig.  10). 

I  have  described  in  a  former  publication*  a  fossil  preserved  in  a 
similar  way,  but  less  perfectly,  and  which  has  vertical  tubes  in 
groups  instead  of  singly ;  it  is  from  the  Gait  Limestone  of  Ontarioi 
and  belongs  to  the  genus  Comostroma,  as  limited  in  the  sequel.  I 
would  propose  for  it  the  name  C,  galUnse. 

The  structures  in  Caunapora  and  Cosnostroma  are  unquestionably, 
at  first  view,  more  akin  to  those  of  sponges  than  are  those  of  the 
typical  Strofnatoporce,  as  the  vertical  tubes  may  be  taken  for  oscula, 
and  the  extremities  of  the  fine  tubes  for  the  incurrent  pores.  On  the 
other  hand,  the  solidity  of  the  calcareous  walls  and  supplemental 
thickenings  is  at  variance  with  such  a  view ;  and  in  many  respects 
they  more  nearly  resemble  Eozoon  than  any  of  the  Palaeozoic  fossils 
?vith  which  I  am  acquainted.  The  canal-system  in  both  is,  indeed, 
so  much  alike  that  it  would  not  be  easy  to  distinguish  it,  except  that 
Eozoon  wants  the  continuous  vertical  tubes  and  possesses  a  true 
nummuline  wall. 

The  minute  structures  of  such  species  as  the  Stromatopora  nodm- 
lata  of  Nicholson  (S,  sanduskyana  of  Bominger,  PL  V.  ^,  11),  con- 
nect the  true  Stromatoporas  with  the  species  of  the  genus  Ccmostroma ; 
and  these,  by  confluence  of  the  separate  tubes,  pass  into  those  of  the 
genus  Caunopora. 

Of  the  species  separated  by  Nicholson  in  the  genus  Syringostronun^ 
that  which  he  has  named  S,  columnaris  is  a  very  peculiar  type.  It 
is  penetrated  vertically  by  what  seem  to  be  solid  columns,  and  which, 
on  microscopical  examination,  prove  to  result  from  upward  bending 
and  fusion  of  the  laminae  along  certain  vertical  lines.  The  effect  ia 
obviously  to  give  much  additional  strength  to  the  skeleton.  Between 
*  <  Life's  Dawn  on  the  Earth/  p.  16a 


Digitized  by 


Google 


tmBLVCtUBS  07  STBOMAIOPOBIDiB.  53- 

the  oolmniiB  the  lamiiue  are  snpported  by  pillars  as  in  Stromatopora. 
They  are  also  penetrated  by  horizontal  canals  which  ramify  radially, 
and  are  connected  with  vertical  tabes  as  in  Comostroma^  to  which 
this  form  is  very  closely  allied ;  I  have  seen  only  one  species  from 
the  Comiferons  limestone,  specimens  of  which  have  been  kindly 
given  to  me  by  Dr.  Newberry  and  Mr.  Hinde  of  Toronto. 

Dictyostroma  of  Nicholson  includes  species  in  which  the  con- 
nectiDg  pillars  are  formed  by  upward  bending  of  the  laminsB  them- 
selves in  conical  points.  The  only  species  described  by  Nicholson 
(D,  undulatum)  is  from  the  Niagara  formation  of  Louisville,  Ken- 
tucky. I  have,  however,  seen  an  imperfectly  preserved  specimen 
with  this  structure  from  the  Black-Kiver  Limestone  of  Port  Claire^ 
Mr.  Hinde  has  sent  me  another  from  the  Comiferous  of  Port  Col- 
borne.  These  seem  to  be  different  from  Professor  Nicholson's  species 
in  the  distance  between  the  lamince,  which  is  much  less  than  in  the 
coarsely  constructed  species  which  he  has  described.  The  laminae 
are  porous  in  these  specimens ;  but  I  have  seen  no  vertical  tubes  or 
oscula. 

The  species  Str&nuUopora  compacta,  from  the  Trenton  Limestone^, 
described  by  Billings,  and  which  is  not  uncommon,  does  not  appear 
to  belong  to  this  group  of  organisms.  It  consists  of  very  minute 
hexagonal  tubes  with  extremely  thin  walls  and  well-developed 
tabulflB,  which,  from  their  strong  development  and  continuity,  give 
in  some  specimens  an  appearance  of  concentric  lamination.  The 
species  seems  to  belong  to  the  genus  Stetwpora,  but  its  cells  are 
excessively  minute.  Corals  of  the  genus  Fistulipora^  with  small 
tabes  imbedded  in  a  cellular  coenenchyma,  may  readily,  in  certain 
states  of  preservation,  be  mistaken  for  Stromatopora. 

Stromatcporof  seem  not  unfrequently  to  have  overgrown  corals  of 
different  species ;  and,  in  the  case  of  Syringopora^  the  tubes  of  these 
projecting  through  the  mass  often  simulate  oscula.  Mr.  Hinde  in- 
forms me  that,  in  the  case  of  one  species,  this  association  is  so  com- 
mon that  it  suggests  the  idea  of  a  case  of  *^  commensalism." 

As  connected  with  Stromatopora,  it  may  be  well  to  remark  that 
some  misapprehension  still  appears  to  exist  respecting  Archceocy- 
aikus,  a  fossil  of  the  Cambrian  rocks  of  Mingan,  Labrador,  and  of 
which  several  species  have  been  described  by  Billings.  Of  these  the 
only  one  I  have  studied  is  A.  profundus.  This  is  certainly  a  calca- 
reous, chambered  organism,  with  pores  connecting  the  chambers,  and 
must  have  been  the  skeleton  of  a  Khizopod.  The  other  species  have 
similar  structures.  It  is  true,  however,  that  on  treating  them  with 
acids,  Billings  obtained  siliceous  spicules  in  the  matrix,  which  I  have 
myself  examined.  I  regard  them  as  having  belonged  to  lithistid 
sponges  of  the  genus  Trichospongia  of  Billings,  accidentally  asso- 
ciated with  the  ArchcBocyathvB. 

8ome  specimens  of  Stromatopora  present  remarkable  lines  of 
growth,  caused  by  the  appearance  of  two  or  three  layers  of  smaller 
cells  at  intervals  of  seven  or  eight  interspaces  (PL  IV.  fig.  4).  The 
preservation  of  these  without  tJ^e  intervening  portions  may,  in  some 
cases,  acoount  for  the  abnormally  wide  interspaces  sometimes  seen 
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ia  imperfecUy  preserved  speoimens.  I  hare  not  been  able  to  satisfy 
myself  whether  these  lines  of  growth  are  of  specific  value.  In  one 
specimen  from  the  Devonian  of  Iowa,  a  8tromatopara  of  this  type 
presents  large  vertical  tubes  which  ext^id  from  one  growth-line  to 
the  next,  but  are  sparsely  distributed  through  the  mass,  and  not 
connected  with  radiating  tubes  as  in  Gaunopora. 

Another  interesting  structure,  seen  in  a  species  from  the  Gomife- 
reus  Limestone,  usuaj^y,  though  perhaps  incorrectly,  identified  witii 
8.  eoncentriea^  is  the  division  of  the  pillars  at  their  summits  into 
branches  (PL  III.  fig.  2),  so  as  to  support  at  many  points  the  layer 
above,  wluch  in  this  case  is  thin  and  not  much  strengthened  with 
supplemental  deposit. 

^d.  State  of  Preservation, — StromtUoporce  have  apparently  always 
been  calcareous  when  recent.  They  are  sometimes  preserved  in  the 
state  of  oalcite  with  the  chambers  either  filled  with  the  same  mate- 
rial or  with  silica.  Sometimes  they  are  entirely  silicified,  or  the 
laminae  and  pillars  are  silicified  and  the  chambers  filled  with  caLdte. 
Occasionally  the  chambers  are  filled  with  dolomite  or  the  whole 
structure  is  dolomitized. 

A  specimen  of  the  type  of  >S^.  eoneentrioa  from  the  Devonian  or 
Upper  Silurian  of  James's  Bay  is  now  before  me,  and  afibrds  a  good 
illustration  of  modes  of  preservation  in  silica.  In  some  places  the 
laminsB  and  pillars  have  been  silicified,  while  the  chambers  are  filled 
with  limestone.  When  weathered  or  treated  with  acid,  these  portionB 
show  the  whole  structure  very  clearly,  including  the  perforations  of 
the  laminsB  and  the  hollow  pillars  (PI.  IV.  fig.  7).  Other  portions  have 
the  chambers  also  filled  with  silica,  the  laminse  being  distinguishable 
by  their  less  transparent  and  porous  character.  In  these  portions  the 
laminee  and  pillars  have  usudly  been  first  coated  over  with  minute 
crystab  of  quartz.  A  layer  has  then  been  deposited  of  chalcedony 
with  botryoidal  surfaces,  and  finally  the  remaining  cavities  have  been 
filled  with  crystalline  vitreous  qusotz.  In  the  greater  part  of  the 
specimen,  however,  the  chambers  have  been  fill^  with  silica,  while 
the  laminae  have  remained  as  calcite,  and  these  portions,  when 
weathered,  present  the  appearance  of  thick  structureless  IftTwinm 
separated  by  thin  spaces  and  penetrated  by  numerous  round  holes 
representing  the  pillars.  Portions  in  this  state  might  be  mistaken 
for  a  coral  of  the  type  of  Fistulipora,  but  in  certain  aspects  they 
present  that  lobated  amoeboid  form  which  is  so  characteristic  of 
similarly  preserved  specimens  of  Eozoon. 

In  specimens  of  Stromatopora  from  the  Niagara  Limestone,  it 
not  unfrequently  happens  that  certain  layers  or  groups  of  layers 
are  silicified,  while  others  alternating  with  them  remain  as  calcite. 
In  this  case,  when  the  specimens  are  weathered,  they  present  distant 
concentric  layers  very  different  in  appearance  from  the  actual 
structure. 

As  with  other  fossils,  crystallization  plays  strange  freaks  with 
Stromatoporce^  reducing  them  to  such  a  condition  that,  bat  for  the 
partial  preservation  of  portions  here  and  there,  they  might  be  mis- 
taken for  inorganic  bodies.    This  is  well  seen  in  the  abundant  8tnh 
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r  of  tlie  great  doloinite-beds  of  the  Niagara  limestone.  Of 
Qj  aie  entirely  reduocd  to  crystalline  masses  of  quartz  or 
doloaiite,  exe^  small  portions  at  the  sorfaoe,  while  others  have 
heeooie  boDow  and  resemble  cavities  lined  or  filled  with  crystals. 
In  the  Upper  Silnrian  dolomite  of  Chielphy  in  like  manner,  there  are 
qiennnffns  which  haye  been  conyerted  into  a  granular  dolomite,  in 
whioh,  howerer,  the  lamin»  and,  in  some  cases,  the  canals  are  more 
or  lev  ^ipareQt. 

The  stady  ol  SknrnUopctm  in  these  different  conditions  throws 
great  light  on  the  appearances  presented  by  Eoxwm  in  varioos  states 
el  preserration,  and  forms  a  guide  to  the  interpretation  of  these, 
wiodi  should  be  before  the  mind  of  every  one  who  desires  to  form 
eorreet  cpinions  on  the  subject. 

Sinee   writing  the  above,   I   have   seen  the   remarks  of  Dr. 

HiflholBoii  on  the  calcareous  nature  of  Stromatopora^  and  Zittel's 

ohsoration  of  the  occasional  calcification  of  the  spicules  of  siliceous 

sponges,  as  reported  in  the  *•  Geological  Magazine*  for  January  1878. 

It  had  not  occurred  to  me  that  any  one  acquainted  with  SiromatO" 

sarm  would  doubt  Iheir  calcareous  nature ;  but  Nicholson  has  suf« 

leieotiy  disposed  of  such  doubts  by  the  consideration  that  the  Stro^' 

wtaiop&rm  are  found  silicified  only  in  beds  in  whioh  corals  and  shells 

have  suffered  the  same  change.    Nor  had  it  seemed  necessary  to 

refer  in  this  oonnexion  to  the  replacement  of  siliceous  spicules  with 

eakite.     It  is,  or  should  be,  well  known  &om  the  behaviour  of  sili- 

eeous  spicules  with  alkalies,  and  when  heated,  that  many  of  them 

are  not  purely  siliceous,  but  contain  animal  matter.    This,  with  the 

more  soluble  character  of  their  sOioa,  enables  them  to  be  changed  or 

remored  without  affecting  the  siliceous  matrix.     Hence  in  the  mli- 

eeooB  sponges  £rom  the  Niagara  Limestone  the  spicules  are  some- 

timea  opaque  and  granular  in  appearance,  or  have  disappeared  alto« 

gether,  or  have  been  replaced  with  calcite  or  with  iron  pyrite.    These 

changes  are,  however,  rare,  and  have  no  bearing  on  the  calcareous 

nature  of  Stromaiopora. 

3rd.  Classification  of  Stromatoporida:. — It  is  not  my  purpose  to 
Miter  into  any  revision  of  the  numerous  species  of  this  famil^^  or  to 
attempt  to  summarize  the  work  which  has  been  done  with  reference 
to  the  American  species  by  Hall,  Winchell,  Nicholson,  Billings, 
Bominger,  and  others.  It  may,  however,  be  useful  to  state  the 
results  at  which  I  have  arrived  with  reference  to  the  leading  generic 
forms. 

1.  StrofHotopora  (Goldfuss,  1827). — In  the  original  definition  by 
Ooldfuss  the  genus  is  characterized  as  exhibiting  **  alternating  strata 
of  a  solid  and  porous  character."  The  porous  strata  in  this  defini- 
tion are  the  real  laminae,  the  solid  strata  are  the  filled-up  chambers ; 
and  according  as  one  or  the  other  is  preserved,  we  have  in  this  type 
tidn  laminsB  connected  by  pillars,  or  thick  laminsB  perforated  with 
louid  holes  and  separated  by  vacant  spaces.  The  typical  species  is 
8,  eoncentriea  of  Goldfuss,  and  the  genus  may  be  held  to  indnde  all 
the  species  with  thin  or  moderately  thick  laminsc  connected  with 
flolid  and  hollow  pillars  and  perforated  with  minute  pores,  or  having 
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a  reticulated  texture.  Stromatocerium  of  Hall  is  a  synonym.  The 
genus  ranges  from  the  Upper  Cambrian  to  the  Devonian  indusivey 
and  it  is  not  easy  to  separate  the  species  which  have  been  deeciibed. 

2.  Caunopora  (Phillips,  1841). — ^The  typical  species,  C.  placenta^ 
is  defined  by  Phillips  as  *'  amorphous,"  composed  of  concentric  or 
nearly  plane  masses  perforated  by  flexuous  or  yermiform  small 
tubuli  and  by  larger  straight  subparallel  or  radiating  open  tabeB, 
persistent  through  the  mass.  This  definition  includes  those  speoies 
with  simple  tubes  giving  origin  to  radiating  tubuli  passing  through 
the  thickened  laminsB.  Ccenostroma  (Caunopora)  inentstans  of  Hall 
is  a  typical  American  species,  as  is  also  Cauiwpora  hudsoniea  aboTe 
referred  to. 

3.  Ccenostroma  (Winchell,  1867). — This  genus,  as  defined  by  its 
author,  includes  those  species  in  which  the  radiating  tubes  diverge 
from  the  surfaces  of  little  eminences  raised  in  the  concentric  lamellas ; 
but,  as  Hall  has  well  remarked,  the  presence  or  absence  of  eminences 
is  a  trivial  character.  The  real  distinction  should  be  based  upon  the 
absence  of  Uie  central  simple  radiating  tubes,  which  in  these  species 
are  represented  by  a  group  of  more  or  less  divergent  ascending 
tubuli,  so  that  the  surface  of  the  last  layer  presents  eminences  not 
with  a  single  large  pore  at  the  summit,  but  with  several  small  pores 
diverging  from  their  sides.  My  Ccenostroma  galtense  above  referred 
to  and  Hall's  Caunopora  (Ccenostroma)  pianulata  are  typical  forms. 
I  have  been  obliged  to  reverse  the  generic  names  as  used  by  Hall, 
in  the  twenty-tiiird  Eeport  of  the  Regents  of  New  York,  in  the 
manner  above  stated,  as  Phillips's  name  certainly  applies  to  the 
species  with  single  vertical  tubes. 

Stromatopora  nodulata  of  Nicholson  (Ohio  Beport,  voL  iL)  pro- 
bably belongs  to  this  genus. 

4.  Syringostroma  (Nicholson,  1875). — This  genus  is  defined  by 
the  author  as  composed  of  concentric  laminse  and  vertical  pillan 
which  are  so  thickened  and  so  amalgamated  with  one  another  as  to 
leave  nothing  but  the  most  minute  rounded  cells.  Laminated  tissue 
traversed  by  numerous  large  irregularly  disposed  horizontal  canals. 
The  species  S,  densa  included  under  this  genus  in  the  Ohio  Beport 
is  undoubtedly  to  be  referred  to  Ccenostroma  as  above  defined,  being 
a  speoies  with  the  vei-tical  tubes  small  and  the  radiating  tubes  very 
large.  The  species  8.  columnaris  has,  however,  a  very  special  cha- 
racter in  the  apparent  want  of  vertical  tubes,  and  in  the  coalescence 
of  the  laminae  along  certain  vertical  lines,  giving  solid  columns  ter- 
minating in  imperforate  or  microscopically  perforate  tubercles  at  the 
surfaces. 

5.  Dictyostroma  (Nicholson,  1875). — In  this  genus  the  upper  sur- 
face of  each  lamina  is  developed  into  conical  points  which  support 
the  lamina  above  instead  of  pillars.  The  laminse  have  horizontal 
canals,  and  the  upper  surface  is  apparently  solid,  though,  no  doubt, 
minutely  perforate ;  the  irregular  oscula  referred  to  by  Nicholson 
are  probably  accidentaL  D.  undulata,  Nicholson,  is  the  typicd 
species ;  but  I  think  we  may  add  to  these  several  others  in  which 
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the  thin  laminsB  extend  upwards  in  conical  forms  instead  of  pillars, 
and  in  some  of  which  the  lamine  are  thin  and  apparently  destitute 
of  the  horizontal  tahes. 

It  is  not  impossible,  though  the  specimens  in  my  possession  are 
not  sufficiently  perfect  to  render  this  certain,  that  Labechia  conferta 
of  Edwards  and  Haime,  from  the  English  Wenlock,  may  be  allied  to 
this  or  the  last  genus. 

[The  above  descriptions  of  Stromatoporidse  were  written  before  the 
pubHcation  of  Nicholson  and  Murie's  excellent  memoir  in  the  Journal 
of  the  linnean  Society,  which  reached  me  only  a  few  days  before 
the  proof  of  the  above  pages.     Their  descriptions  of  the  structures, 
and  views  as  to  the  classification  and  affinities,  agree  in  the  main 
with  those  above  given,  and  where  they  differ  deserve  careiul  consi- 
deration.   They  do  not  seem  to  have  met  with  so  good  examples  of 
the  hollow  pillars  and  perforated  laminae  as  those  I  have  described, 
nor  to  have  so  distinctly  observed  the  relation  of  the  horizontal 
canals  to  a  supplemental  deposit  of  calcareous  matter.     In  their 
comparison  witii  Parkeria  too  much  importance  is,  I  think,  attached 
to  the  arenaceous  character  of  that  fossil — a  character  which  we  find 
in  living  Bhizopods  associated  with  forms  not  dissimilar  to  those 
which  are  calcareous.    It  is  also  not  improbable  that  some  Stroma- 
toporidse are  built  up  of  microscopic  calcareous  grains.     Lofiusia 
likewise  presents  points  of  comparison  of  some  importance;  and 
the  Carboniferous  specie  of  that  genus  described  and  figured  by 
Br.  G.  K.  Dawson  (see  p.  69)  is  especially  instructive.     In  the 
memoir  in  question  the  genus  Syi'ingostroma  of  Nicholson  is  divided 
into  Styhdictyon  and  Packygtroma,  Stromatoeerium  of  Hall  is  re- 
tained as  a  separate  genus  for  some  peculiar  Stromatoporidse  of  the 
Lower  Silurian,  and  a  new  genus  (Clathrodietyon)  is  formed  for 
vesicular  species  without  pillars.    The  separation  of  forms  contained 
in  Syringosiroma  I  have  myself  suggested  above ;  and  I  think  the 
grounds  for  retaining  Stromatoeerium  and  adding  Clathrodictyon 
may  be  sustained.    The  authors  should,  however,  I  think,  have 
retained  Coenostroma  of  Winchell,  and  placed  in  it  some  forms 
which  they  have  distributed  in  other  genera.     The  new  facts  stated 
respecting  Laheehia  are  important  with  reference  to  that  somewhat 
problematical  fossil.] 

The  geological  distribution  of  the  American  Stromatoporidse  known 
to  me  may  be  stated  as  follows,  though  the  species,  no  doubt,  require 
some  revision : — 

Pottdam  formation Stromatopora,  sp. 

Trentom  formation Stromatopors  rugosa,  ^o^A 

Dic^ofltroma  ?  sp. 
Niagara  formatum     Stromatopora  oonoentrica,  Goldfuu, 

Coenostroma  constellatuxD,  HaU, 

Caunopora  hudsonica,  n.  sp. 

Dictyostroma  uudulatum,  NiekoUon, 
Oiufyk  formation Stromatopora  ostiolata,  N, 

Coeaostroma  galtenae,  n.  sp. 
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Qm^ifmmB  formatkn  Stromatopora  gnmulata,  Atdiobofi. 

S.  mammiUata,  N. 
a  Hindei,  N, 

5.  perforata,  ^. 

6.  ponderosa,  N, 
a  Bubrtriatella,  i^- 
a  tuberoulata,  N, 
SyriDgoBtroma  colunmare,  N, 
Ckenostroma  denauin,  N. 

HaimUon  formation  Stromatopora  nux,  WineheU. 

S.  caBspitoea,  W. 

CoBDostroina  montioulifera,  W. 

0.  postulifera,  W. 
Chemutiff  formation   Stromatopora  expansa,  ^ToZ?. 

5.  erratioa,  H. 

6.  altemata,  H, 
Caunopora  inorastana,  H, 
CoBDoatroma  aoUdulttni,  H, 
C.  planulatum,  B, 

n,  Paljeozoic  Fossils  associated  with  Sbbpentinb  and  othxb 

HXDBOUS  SHJCATBB. 

Fossils  having  their  cavities  and  pores  infiltrated  with  hydrous 
silicates  are  much  more  abundant  in  Palaeozoio  limestones  than  is 
tisnally  imagined.  In  some  instances  serpentine  itself  is  found  to 
have  been  concerned  in  such  infiltration  ;  while  in  other  cases  tho 
infiltrating  hydrous  silicates  are  found  to  approach  to  poUyte,  fah- 
lunite^  and  other  minerals  which  have  usually  been  regiurded  as  pro- 
ducts of  decomposition  or  metamorphism,  but  which,  as  Dr.  Sterry 
Hunt  has  justly  remarked,  cannot  reasonably  be  referred  to  such 
an  origin  when  they  are  found  filling  the  pores  of  Crinoids  and  other 
fossils  in  strictly  aqueous  deposits.  In  this  case  they  must  surely  be 
the  results  of  original  deposition  in  the  manner  of  glauconite  ;  and, 
as  we  shall  find,  they  sometimes  appear  to  be  strictly  the  represen- 
taUves  of  that  mineral,  which  occurs  under  similar  conditions  in  other 
parts  of  the  same  formations. 

1.  Serpentine  of  Lake  Chebogamong, — ^Mr.  Eichardson,  of  the 
Geological  Survey,  has  observed,  north  of  the  Laurentian  axis,  on 
the  Saguenay  River,  certain  rocks  which  appear  to  be  similar  in 
mineral  character  to  the  Quebec  group  of  Sir  William  Logan,  and 
occupy  a  geological  position  intermediate  between  the  Laurentian 
and  the  Trenton  formation.  Among  these  he  describes  a  band  of 
serpentine  associated  with  limestone  at  Lake  Chebogamong,  which 
lies  about  200  miles  to  the  N.E.  of  Lake  St.  John,  in  a  little-explored 
region.  Among  the  few  specimens  which  Mr.  Eichardson  was  able 
to  bring  back  with  him  was  one  of  extreme  interest — a  specimen 
apparently  from  the  junction  of  the  limestone  and  serpentine,  and 
containing  a  portion  of  a  tabulate  coral,  of  which  some  of  the  cells 
are  filled  with  a  mixture  of  serpentine  and  calcite,  and  some  with 
calcite.  The  serpentine  seems  to  have  been  weathered;  it  has  a 
granular,  uneven  appearance,  and  under  the  microscope  ^ows 
patches  with  fibrous  structure  like  chrysotile.  There  are  also 
whitish  serpentine  veins,  fringed  with  chrysotile  or  a  mineral  re- 
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lemhling  it  under  the  miorosoope.  The  cell-walls  of  the  coral  are 
perfectly  black  and  opaque,  and  probably  carbonaceous.  The  coral 
found  thus  mineralized  was  examined  by  Mr.  Billings,  who  had  no 
doubt  of  its  natore,  though  uncertain  as  to  its  generic  affinities. 
After  careful  study  of  it,  I  am  disposed  to  refer  it  to  the  genus 
JMtrocerium  of  Hall,  and  it  is  not  distinguishable  in  structure  from 
A^pyrifbrme  of  that  author,  a  species  very  common  in  the  Fpper 
Silurian  limestones  of  the  region  in  which  the  specimen  occurs.  The 
genus  AMtrooerium  is  specially  characteristic  of  the  Niagara  forma- 
tion ;  and  though  Edwards  doubts  its  distinctness  from  Favosites,  I 
think  there  are  constant  points  of  dififerenoe,  especially  in  the  micro* 
soopic  characters  of  the  cell-walls,  which  entitle  it  to  be  separated 
from  that  genus.  In  such  specimens  of  Astrocerium  as  are  well  pre- 
senred,  the  walls  of  the  hexagonal  cells  seem  to  have  been  of  corneous 
texture,  with  minute  corneous  spicule  instead  of  radiating  septa. 
They  have  pores  of  communication,  and  there  are  also  occasional 
laiger  pores  or  tubes  in  the  angles  of  the  cells.  The  tabulfls  are  very 
thin  and  i^parently  purely  calcareous.  This  accounts  for  the  sin- 
guUr  fact,  mentioned  by  Hall,  that  the  cell- walls  are  sometimes 
entirely  removed,  leaving  the  tabulffi  in  concentric  floors  like  those 
of  Stromatopora,  I  think  it  likely  that  the  typical  species  of  A^ 
troeerwm  may  have  been  inhabited  by  Hydroids,  and  may  have  been 
quite  remote  from  Favosites  in  their  affinities. 

The  formation  in  which  the  serpentine  and  limestone  of  Lake 
Chebogamong  occur  is  described  as  consisting  of  chloritic  slates,  in 
some  places  with  hornblende  crystals,  dolomites,  and  hard  jaspery 
argillaceous  rocks.  Upon  these  rest  conglomerates  and  breccias 
with  Laurentian  fragments,  and  also  fragments  of  the  rocks  before 
mentioned,  and  on  these  lie  the  limestone  and  serpentine.  The  ser- 
pentine has  been  analysed  by  Dr.  Hunt,  who  finds  it  to  contain 
chromium  and  nickel,  and  in  this  respect  to  be  similar  to  that  of 
the  Quebeo  group,  and  not  to  that  of  the  Laurentian*.  The  fossil 
would  give  evidence  of  a  much  later  date  than  that  usually  attributed 
to  rocl^  of  the  character  above  stated ;  but  it  is  quite  possible  that 
there  may  be  two  series  of  different  ages  in  the  region,  the  lower 
being  Lower  Silurian  or  perfiaps  older,  and  the  upper  of  Upper  Si- 
lurian age.  If  the  serpentine  belongs  to  the  newer  formation,  its 
association  with  a  coral  of  the  genus  Astroeermm  would  of  course  be 
quite  naturaL  If  it  belongs  to  the  older  formation,  and  the  over- 
lying limestone  to  the  newer,  the  serpentine  in  the  latter  may  be  a 
remanie  silicate  derived  from  the  older  rocks  and  mixed  with  the 
Hmeetone  at  their  junction. 

2.  Serpentine  of  Melbourne. — The  serpentines  of  thb  place  belong 
to  a  great  series  of  more  or  less  altered  rocks  extending  through 
the  province  of  Quebec,  and  referred  by  Sir  William  Logan,  on  stra- 
tigraphioal  grounds,  to  his  Quebec  group,  equivalent  to  the  Arenig 
or  Skiddaw  series  of  England  f.  In  ascending  order  these  rocks  at 
Helboume  present  first  a  thick  series  of  highly  plumbaginous  schists 

*  Beport  of  G«oloffioal  Surrey  of  Canada,  1870-71. 

t  Hunt,  howerer,  nolds  that  these  rocks  are  in  part  Huronian. 
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or  shales,  with  thin  bands  of  limestone  holding  fragments  of  Lower 
Silurian  corals  and  crinoids.  These  pass  upwards  into  a  thick  series 
of  slaty  rocks  characterized  by  the  prevalence  of  a  shining  crystal- 
line hydro-mica,  and  known  as  nacreous  or  hydro-mica  slates.  They 
are  associated  with  quartzose  bands,  and  also  with  lenticular  layers 
of  crinoidal  limestone.  Parallel  with  these  beds  and,  according  to 
Logan's  observations,  overlying  them,  is  the  series  containing  the 
serpentine,  which  is  associated  with  layers  of  limestone  and  nacre- 
ous slate,  and  also  with  brecciated  and  arenaceous  beds,  probably 
originally  tufaoeous,  with  beds  of  anorthite,  steatite,  and  dolomite, 
and  also  with  red  slates,  the  whole  forming  a  miscellaneous  and  ir- 
regular group,  evidently  resulting  from  the  contemporaneous  action 
of  igneous  and  aqueous  agencies,  and  affording  few  traces  of  fossils. 
The  serpentines,  which  occur  in  thick  and  irregular  beds,  are  differ- 
ent in  colour  and  microscopic  texture  from  those  of  the  Laurentian 
system,  and  also  present  some  chemical  differences,  more  especially 
in  the  presence  of  oxides  of  nickel,  chromium,  and  cobalt,  and  of  a 
laiger  percentage  of  iron  and  a  smaller  proportion  of  water*.     » 

These  serpentines  are  undoubtedly  bedded  rocks  and  not  eruptive ; 
but  they  may  have  originated  from  the  alteration  of  volcanic  mate- 
rials f.  They  appear,  shortly  after  their  original  deposition,  to  have 
been  broken  up,  so  as  in  many  places  to  present  a  brecciated  ap- 
pearance, the  interstices  of  the  fragments  being  filled  with  limestone 
and  dolomite,  which  themselves  are  largely  mixed  with  the  flocculent 
serpentinous  matter,  and  traversed  by  serpentinous  veins  some- 
times compact  and  sometimes  fibrous.  Besides  the  very  impure 
limestone  thus  occurring  in  the  serpentinous  breccia,  there  are  also 
true  layers  or  beds  of  limestone  and  dolomite  included  in  or  near  to 
the  great  serpentine  band.  No  well-preserved  fossils  have  been 
found  either  in  these  beds  or  in  the  brecciated  serpentine ;  but  on 
treating  the  surfaces  of  slabs  with  an  acid  or  making  thin  slicee, 
fragments  of  organic  bodies  are  developed  which  well  illustrate  the 
manner  in  which  serpentine,  whatever  its  origin,  may  be  connected 
with  the  mineralization  of  such  fr'agments. 

It  is  to  be  observed  here  that  the  irregular  bedding  of  the  serpen- 
tine, and  the  apparent  passage  on  the  line  of  strike  into  dolomite 
and  red  slate,  might  accord  either  with  a  purely  aqueous  and  oceanic 
mode  of  deposition  like  that  of  glauconite,  or  with  deposition  as  beds 
of  volcanic  sediments,  afterwards  altered  and  partly  redeposited  by 
water.   The  association  with  ash  rocks  and  agglomerates  would,  how- 

*  Under  the  miorosoope  the  Laurentian  serpentines  are  usually  homoeeneout 
and  unorsrstalline,  but  with  the  structure  of  netting  yeinlets  which  I  have 
elsewhere  called  se^tariform.  The  Melbourne  serpentines  usually  present  a 
confused  mass  of  acioular  crystals  or  a  fibrous  structure,  and,  where  structure- 
less, polarize  more  Tividly  than  those  of  the  Laurentian. 

t  Sandberger  (Essay  on  Metallic  Veins)  quotes  many  German  chemists  to 
the  effect  that  "  olirine  rook  and  the  serpentine  formed  from  it  always  contain 
copper,  nickel,  and  cobalt."  This  origin  might  thus  apply  to  the  serpentines  in 
the  Quebec  group  in  Canada,  but  not  to  those  of  the  Laurentian,  as  I  have 
already  urged  on  other  grounds  in  my  reply  to  Hahn,  in  the  'Annals  and 
Magaane  of  Natural  History,'  1876,  vol.  zrui.  pp.  32,  33. 
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tiver,  tend  rather  to  the  latter  view,  as  would  also  the  chemical  cha- 
racterB  of  the  serpentme  already  referred  to;  but  the  association 
with  fossils  mentioned  below  tends  to  show  that  at  least  a  part  of 
the  mineral  is  an  ordinary  aqueous  deposit.  It  is  also  to  be  ob- 
served, with  reference  to  the  superposition  of  serpentine  on  fossilife- 
nras  Lower  Silurian  rocks,  that  a  similar  relation  is  affirmed  by 
Murray  to  occur  in  Newfoundland,  where  massive  serpentines  overlie 
unaltered  fossiliferous  rocks  of  the  Quebec  group*. 

No  fossils  have  been  found  in  the  compact  serpentine,  but  only 
in  tiie  limestone  paste  of  the  brecciated  masses  and  in  the  limestone 
bands  interstratified.  The  limestone  of  the  breccia  contains  not  only 
aogolar  fragments  of  serpentine  but  disseminated  serpentine  and 
small  veins  of  the  same  mineral.  Its  fossils  are  limited  to  small  tu- 
bular bodies,  crinoidal  joints,  and  fragments,  apparently  oiStenopara^ 
very  imperfectly  preserved.  The  tubular  bo<£e8  may  be  portions  of 
HyoUihts  or  Theca,  Their  interior  is  usually  filled  with  dolomite ; 
tiieir  walls  are  in  the  state  of  calcite  ;  and  they  are  incrusted  with 
an  outer  ring  of  serpentine.  In  some  instances  the  calcareous 
organic  fragments  are  seen  to  be  filled  in  the  interior  with  serpen- 
tine. The  crinoidal  fragments  are  in  a  similar  condition,  the  ser- 
pentine having  apparently  surrounded  them  in  a  concretionary 
manner  after  the  cavities  had  been  filled  with  dolomite.  Frag- 
ments of  calcite,  dolomite,  or  older  serpentine  included  in  the  lime- 
stone, and  of  no  determinate  form,  are  enclosed  in  the  new  or  re- 
monie  serpentine  in  like  manner,  and  in  some  cases  this  newer  or 
•coating  serpentine  was  observed  to  have  a  fibrous  structure.  The 
serpratine  thus  coating  and  filling  fossils  and  fragments  is  of  a 
lighter  colour  than  the  serpentine  of  the  fragments  themselves,  and 
in  this  respect  resembles  that  of  the  small  veins  traversing  the  lime- 
stone. Such  traces  of  fossils  as  exist  in  the  layers  of  limestone  are 
similar  to  those  in  the  breccia,  but  not,  so  far  as  observed,  coated 
with  serpentine. 

It  would  thus  appear  that,  contemporaneously  with  the  original 
deposition  of  the  serpentine,  thin  bands  of  limestone  were  laid  down, 
with  a  few  fragments  of  crlnoids,  corals,  and  shells ;  that  subse- 
quently, but  perhaps  within  the  same  geological  period,  and  while 
&e  deposition  of  serpentine  was  still  proceeding,  portions  of  the 
surface  of  the  serpentine  were  broken  up  and  imbedded  in  limestone ; 
that  the  fissures  of  this  limestone  were  penetrated  with  serpentine 
veins,  and  its  few  fossils  coated  with  that  mineral,  which  also  forms 
flocculent  laminee  in  the  limestone. 

The  mode  of  deposition  of  this  Palseozoic  serpentine  is  thus  con- 
siderably different  from  that  of  the  Laurentian,  which  forms  layers 
intimately  interstratified  vdth  great  limestones,  and  also  nodules, 
concretionary  grains,  and  fillings  of  fossils  in  these  limestones.  This 
difference  in  mode  of  occurrence  is,  no  doubt,  connected  with  the  dif- 
ference in  composition  of  the  two  varieties  of  the  mineral  already 
noticed.     In  both  cases,  however,  the  serpentine  has  been  so  depo* 

*  Bedded  flerpentines  also  occur  in  unaltered  Silurian  dolomiteB  at  Syracufie 
in  New  York  (Mont,  Ohem.  and  Geol.  Eieays,  p.  310).      . 
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sited  that  it  could  take  part  in  the  mineralizalicm  of  marine  organic 
remains. 

The  condition  of  the  fragments  of  Silnrian  fossils  in  the  limestones 
associated  with  the  nacreous  or  hydro-mica  slates  is  of  interest  in 
connexion  with  this  suhject.  The  shining  laminated  mineral  asso- 
ciated with  these  fossils  has  heen  regarded  from  its  chemical  com- 
position as  a  hydro-mica.  Under  the  microscope,  however,  it  shows 
a  want  of  homogeneity  which  suggests  the  presence  of  two  or  more 
silicates,  or  the  association  of  crystals  of  hydrous  mica  with  minute 
grains  of  siliceous  matter  of  some  other  kind.  Though  now  highly 
crystalline,  it  must  originally  have  heen  a  fine  sediment,  since  it  fills 
the  finest  cells  of  Stenopora  and  Ptilodidya.  Nor  can  its  present 
state  have  heen  produced  hy  any  extreme  metamorphism,  as  the 
undistorted  state  of  these  fossils  amply  testifies.  Purther  it  is  in- 
teresting to  ohserve  that  though  the  hydrous  silicate  is  little  ma^- 
nesian,  the  fossils  themselves  are  not  infrequently  converted  into 
dolomite.  In  these  fossiliferous  heds  there  are  also  tahular  crystals, 
apparently  of  anhydrous  mica,  little  groups  of  crystals  of  tremolite, 
cavities  filled  vrith  quartz,  and  crystalline  grains  of  a  mineral  having 
the  microscopical  characters  of  olivine ;  and  these  have  heen  de- 
veloped or  included  in  the  mass  without  injury  to  the  stmctores  <^ 
the  most  delicate  corals. 

Similar  appearances  are  presented  hy  limestones  from  other  parts 
of  the  Quehec  group,  of  which  a  great  series  of  slices  has  heen  pre- 
pared hy  Mr.  Weston  under  the  direction  of  the  late  Sir  W.  E.  Logan, 
who,  in  his  later  researches  in  this  group  of  rocks,  gave  much  atten- 
tion to  the  microscopic  fossils  in  the  more  altered  heds,  as  a  means 
of  determining  their  ages.  Besides  large  series  frt)m  Molhoume  and 
its  neighhourhood,  I  have  examined  slices  from  Stanford,  Famham, 
Cleveland,  Bedford,  Orf ord,  Arthahaska,  Point  Levi,  Bivi^re  du  Loup, 
and  other  places,  in  most  of  which  Lower  Silurian  fossils  occur  as- 
sociated with  hydrous  silicates. 

The  fossils  ahove  referred  to  occur  in  rocks  undouhtedly  of  Lower 
Silurian  age,  and  regarded  as  altered  or  metamorphosed  memhera  of 
the  Quehec  group.  In  the  unaltered  representatives  of  these  rocks 
at  Point  Levi  and  the  island  of  Orleans  there  occur  considerahle 
quantities  of  a  true  glauconite,  which  has  heen  analyzed  hy  Dr.  Hnnt, 
and  which  is  without  douht  an  original  deposit  in  the  sandy  and 
argillaceous  heds  in  which  it  occurs,  which  in  many  cases  are  pre- 
cisely similar  to  Cretaceous  greensands.  Dr.  Hunt's  analysis  shows 
that  this  glauconite  contains  alumina,  iron,  potash,  and  magnesia, 
and  thus  approaches  to  the  Laurentian  loganite.  In  the  forms  of 
its  little  concretions  it  resemhles  the  serpentine  grains  in  the 
Laurentian  limestones ;  and  like  modem  glauconite  it  has  moulded 
itself  in  organic  forms.  Some  of  these  are  spiral  or  mnltilobate,  as 
if  casts  of  minute  univalve  shells  or  of  spir^  and  textularine  Fora- 
minifera*.    Others  are  annular  or  are  arcs  of  circles,  and  some  pre- 

*  Ehrenberg  has  found  casta  of  rotaline  and  textularine  Foraminifera  in 
Lower  Silurian  beds  in  Busaia;  and  such  forms  occur  in  Upper  Silurian  lime- 
stones in  Nova  Sootia, 
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sent  a  delicate  fibrons  or  tabulated  appearance,  as  if  they  had 
moulded  themselTes  on  porous  shells  or  very  minutely-celled  corals, 
spicoleB  of  sponges,  &o.  Shreds  of  corneous  Polyparies,  perhaps  of 
Graptolites,  abound  in  the  matrix,  but  are  not  connected  with  the 
glanoonite  grains.  Unfortunately  there  are  no  Stromatoporas  in 
these  beds,  otherwise  we  might  have  an  almost  precise  recurrence 
of  the  relations  of  serpentine  with  Eozoon  in  the  Laurentian*. 

Another  appearance  which  may  be  mentioned  in  this  connexion 
occors  in  certain  beds  of  Utica  Slate  in  the  vicinity  of  the  trappean 
mass  of  Montarrille,  and  converted  into  a  hard  sonorous  rock.  In 
one  of  these  are  stems  of  crinoids  which  have  retained  their  external 
form,  while  the  calcareous  material  has  been  entirely  removed  and 
replaced  by  a  soft  green  crystalline  mineral  whose  physical  and  mi- 
croscopical characters  are  those  of  chlorite,  and  which  in  any  case 
may  be  regarded  as  one  of  those  hydrous  silicates  sometimes  termed 
"viridite." 

3.  Limegtone  of  Pole  HiU^  New  Brunswick^  and  of  Llangwyllog  in 
AngleMey, — ^In  a  paper  in  the  Transactions  of  the  Boyal  Irish 
Academy,  and  subsequently  in  '  Life's  Dawn  on  the  Earth/  I  noticed 
a  remarkable  limestone  discovered  by  Mr.  G.  Kobb,  of  the  Geological 
Survey,  at  Pole  Hill  in  New  Brunswick,  snd  believed  to  be  of  Upper 
Sihirian  age.  It  is  composed  of  fragments  of  crinoids  and  shells, 
the  cavides  of  which  are  finely  injected  with  a  hydrous  silicate  of 
alumina,  iron,  and  magnesia,  the  composition  of  which,  according  to 
Dr.  Hunt,  approaches  to  that  of  the  poUyte  of  Yon  Kobell,  and  also 
to  that  of  a  hydrous  silicate  described  by  Hofimann  as  filling  the 
cavities  of  specimens  of  Eozoon  found  in  Bohemia.  It  has  also  some 
I'esemblance  to  the  loganite  which  mineralizes  the  Eozoon  oi  Burgess, 
in  Cauada.  At  the  same  time  I  mentioned  a  specimen  of  limestone 
of  similar  character  which  I  had  found  in  the  McQill-College  collec- 
tion, and  which  I  supposed  to  be  from  Wales.  It  w  labelled  "  Uan- 
goUoc,"  and  belonged  to  the  collection  of  the  late  Dr.  Holmes,  of 
Montreal.  Professor  Bamsay,  to  whom  I  have  applied  for  informa- 
tion as  to  the  locality,  kindly  informs  me  that  the  name  is  probably 
^  Llangwyllog,"  that  the  place  so  named  is  in  Anglesey,  and  that 
limestone  of  Lower  Silurian  or  Cambrian  age  occurs  in  its  vicinity. 

A  portion  of  this  specimen  was  submitted  to  Dr.  Sterry  Hunt, 
from  whose  analysis  it  appears  to  be  of  similar  character  with  that 
of  Pole  Hill,  and  like  it  injects  in  the  most  beautiful  manner  the 
pores  and  cavities  of  crinoids,  shells,  and  corals  f.  The  limestone 
containing  this  silicate  is  of  subcrystalline  texture,  with  occasional 
bright  cleavage-faces  which  belong  to  crinoidal  fragments.  Its 
colour,  owing  to  the  included  silicate,  is  dull  olive,  and  it  shows  oc- 
casional small  deep  green  and  reddish  specks.  Its  aspect  is  so  waxy, 
that  at  a  HtUe  distance  it  might  be  mistaken  for  an  impure  ser- 
pentme. 

^  When  examined  with  the  microscope,  the  flocculont  olive-green 
silicate  is  seen  to  penetrate  the  mass  exactly  in  the  manner  of  the 

*  Bcfport  of  Geological  Surrey  of  Canada,  1866. 

t  As  the  analyBM  of  these  specimeiui  by  Dr.  Hunt  have  not  been  puhUdied 


Digitized  by 


Google 


64 


J.  W.  DAWBOH  OH  PALAOZOIO  F088IL8 


serpentine  in  ophiolite,  and  it  has  a  polariflcope  appearance  approach:- 
ing  to  that  of  serpentine ;  while  greenish  by  reflected  light,  it  appeam 
reddish  when  seen  in  thin  slices  with  transmitted  light.     It  pene- 
trates the  finest  pores  of  crinoids,  and  at  the  same  time  fills  the  cavi- 
ties of  shells  and  the  cells  of  oorab.    The  larger  fillings  of  this  kind 
give  the  deep  green  spots  above  mentioned,  while  the  red  spots  are 
apparently  caused  by  the  partial  oxidation  of  the  iron  of  the  mineraL 
In  one  shell,  apparently  a  small  Orihoceras  or  Theca,  the  dark  green 
filling  has  cracked  in  the  manner  of  Septaria^  and  the  fissures  hare 
been  filled  with  carbonate  of  lime.    In  some  places  the  mineral  has 
penetrated  the  pores  of  sheUs  of  Brachiopods  or  crusts  of  Trilobites, 
producing  a  tubulated  appearance  not  unlike  the  proper  wall  of 
Ewuxm. 

Prom  the  characters  of  the  fragments,  I  should  imagine  that  this 
limestone  is  Lower  Silurian  rather  than  Cambrian.  It  afibrds  an 
excellent  instance  of  the  occurrence  of  hydrous  silicates  infiltrating^ 
organic  fragments,  and  it  deserves  the  attention  of  collectors  having^ 
access  to  the  locality.  A  curious  point  of  Coincidence  of  this  lime- 
stone with  some  of  those  in  the  Lower  Silurian  of  Canada  is  the 
occurrence  of  a  few  bright  green  specks,  probably  of  apatite  or 
vivianite,  giving  on  a  small  scsde  that  association  of  phosphates  with 
hydrous  silicates  which  we  find  on  the  great  scale  in  the  Lau- 
rentian. 

The  above  facts  I  intend  to  be  supplementary  to  my  papers  on 
Eozoon  and  on  the  graphite  and  phosphai«s  of  the  Laurentian  already 

in  Bneland,  or  in  such  a  manner  as  to  be  readily  compared  with  each  other,  I 
reproance  them  here : — 


Pole  HiU, 
New  Brunswick. 

Llangwyllog, 

Silica     

38-93 
28-88 
18-86 
4-25 
1-69 
0-48 
6-91 

35-32 

22-66 

2142 

6-98 

1-49 

0-67 

11-46 

Alumina «.^...-*- 

Protoxide  of  iron     

BCaffneeia  

Potash  

Soda  

Water    

100-00 

lOOKX) 

In  the  Llangwyllog  specimen  the  silicate  amounted  to  three  per  cent,  of  the 
whole,  the  remainder  being  carbonate  of  lime  with  a  rery  little  siliceous  sand 
and  fine  day.  In  the  Pole-Hill  specimen  the  silicate  amounted  to  about  fire 
per  cent,  the  remainder  being  limestone  with  a  few  quarts  g^rains. 

It  will  be  seen  that  these  two  silicates,  eridently  deposit^  from  solution  in 
such  a  manner  as  to  fill  the  finest  organic  pores,  are  remarkably  similar  in  com- 
position ;  and  the  fact  that  they  closely  resemble  Hoffinann's  mineral  found  in 
Bohemian  Biozoon^^  and  also  the  loganite  filling  the  Burgess  Bjozooh  (Quart  Joom. 
GeoL  Soa  toL  xxi.  1865),  giyee  them  additional  interest. 
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published  in  the  Jonmal  of  this  Society,  and  as  illustrative  more 
especially  of  the  affinity  of  Eozocn  with  its  successors  in  function, 
the  Silurian  SironuUoparas^  and  of  the  abundant  occurrence  of  ser- 
pentine and  other  hydrous  silicates  in  association  with  fossils  in  the 
Lower  Silurian  as  well  as  in  the  older  Laurentian. 

III.  IiOTATiyx  Forms  BssEMBLnra  Eozook. 

It  18  easy  for  inexperienced  observers  to  mistake  laminated  con- 
cretions and  laminated  rocks  either  for  Stromatopora  or  for  Eozoon, 
and  such  misapprehensions  are  not  of  unfrequent  occurrence.  As  to 
concretions,  it  is  only  necessary  to  say  that  these,  when  they  show 
concentric  layers,  are  deficient  aitogeUier  in  the  primary  require- 
ments of  laminee  and  interspaces ;  and  under  the  microscope  their 
structures  are  either  merely  fragmental,  as  in  ordinary  argillaceous 
and  calcareous  concretions,  or  they  have  radiating  crystalline  fibres 
like  oolitic  grains.  Laminated  rocks,  on  the  other  hand,  present 
alternate  layers  of  different  mineral  substances,  but  are  destitute  of 
minute  structures,  and  are  either  parallel  to  the  bedding  or  to  the 
planes  of  dykes  and  igneous  masses.  Ixa  the  Montreal  mountain 
there  are  beautiful  examples  of  a  banded  dolerite  in  alternate  layers 
of  black  pyroxene  and  white  felspar.  Those  occur  at  the  junction 
of  the  dolerite  with  the  Silurian  limestone  through  which  it  has  been 
erupted.  Laminated  gneissose  beds  also  abound  in  the  Laurentian, 
Still  more  remarkable  examples  are  afforded  by  altered  roc^ks  having 
itan  caldte  bands,  whether  arising  from,  deposition  or  from  vein- 
segregation.  One  of  these  now  before  me  is  a  specimen  from  the 
collection  of  Dr.^  Newberry,  and  obtained  at  Gouvemeur,  St.  Law- 
rence County,  New  York.  It  presents  thick  bands  of  a  peculiar 
granitoid  rock  containing  highly  crystalline  felspar  and  mica  with 
grains  of  serpentine ;  these  bands  are  almost  a  quarter  of  an  inch 
in  thickness,  and  are  separated  by  interrupted  parallel  bands  of 
caldte  much  thinner  than  the  others.  The  whole  resembles  a  mag- 
nified specimen  of  Eozoofiy  except  in  the  absence  of  the  connecting 
chamber-waUs  and  of  the  characteristic  structures.  A  similar  rock 
has  been  obtained  by  Mr.  Yennor  en  the  Gatineau ;  but  it  is  less 
coarse  in  texture  though  equally  crystalline,  and  appears  to  contain 
hornblende  and  pyroxene.  These  are  both  Laurentian,  and  I  con- 
sider it  not  impossible  that  they  may  have  been  organic ;  but  they 
lack  the  evidence  of  minute  structure,  and  differ  in  important  details 
from  Eozoon.  Another  specimen  from  the  Horseshoe  Mountain  in 
the  Western  States  (I  regret  that  I  have  mislaid  the  name  of  the 
gentleman  to  whom  I  am  indebted  for  this  spedmen)  is  a  limestone 
with  perfectly  regular  and  uniform  layers  of  minute  rhombohedral 
crystals  of  dolomite.  The  layers  vary  in  distance  regularly  in  the 
thickness  of  the  specimen  from  two  millimetres  to  one,  and  must 
have  resulted  from  the  alternate  deposition  in  a  very  regular  manner 
of  dolomite  and  limestone.  These  are  but  a  few  of  the  examples  of 
imitative  structures  which  might  readily  be  confounded  with  Eozoon, 
or  which,  if  resulting  from  organic  growth,  have  lost  all  decisive 
evidence  of  the  fact. 

Perhaps  still  more  puzzling  imitative  forms  are  those  referred  to 
aJ.G.S.  No.137-  p 
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by  Hahn,  which  occur  in  some  felspars,  and  which  I  have  found  in 
great  beauty  in  certain  crystals  of  orthodase  from  Vermont.  They 
are  ramifying  tubes  resembling  the  canal-system  of  Eozoon,  and  aro 
evidently  a  peculiar  form  of  gas-cavities  or  inclusions.  Similar  ap- 
pearances are,  however,  often  presented  by  the  more  minute  and  mi— 
croscopic  varieties  of  graphic  granite,  in  which  the  little  plates  miglit 
readily  be  mistaken,  in  certain  sections,  for  organic  tubulation. 

In  the  present  state  of  knowledge,  it  is  perhaps  more  excusable  to 
mistake  such  things  for  organic  structures  than  to  deny  the  exist- 
ence of  true  organic  structures  because  they  resemble  such  forms. 
Those  who  have  examined  moss-agates  are  familiar  with  the  fact 
that  while  dome  show  merely  crystals  of  peroxide  of  iron  or  oxide 
of  manganese,  others  present  the  forms  of  Vaucherice  or  Confervcg. 
So  if  one  were  to  place  side  by  side  some  fibres  of  asbestos,  spicules 
of  TetJuOy  and  coniferous  wood,  preserved,  like  some  from  Colorado, 
as  separate  white  siliceous  fibres,  they  might  appear  alike  ;  but,  even 
if  thoroughly  mixed  together,  the  microscope  should  be  able  easily  to 
distinguish  them.     I  have  specimens  of  fossil  wood,  collected  by 
Hartt  in  Brazil,  which  have  been  mineralized  by  limonite  in  such 
a  manner  that  no  one,  without  microscopic  examination,  could  believe 
them  to  be  other  than  fibrous  brown  haematite.     Such  difficulties 
the  micro-geologist  must  expect  to  find,  and  by  patient  observation 
to  overcome. 

EXPLANATION  OF  THE  PLATES. 
Plate  m. 
f^g.  1.  Yeitioal  section  oi  Siromatopora  from  the  Niagara  formation,  showing 
the  laminsB  and  piUan,  without  supplementol  matter,  X  20. 

2.  Vertical  section  of  Stromaiopara  from  the  Oomiferons  Limestone, 

showing  pillars  ramifying  and  thickened  at  the  ends,  and  laminie 
without  supplemental  matter,  X  20. 

3.  Yerdcal  section  of  Strvmatopora  ^m  the  Comiferons  Limestone,  with 

much  supplemental  matter,  but  showing  anthidieoed  laminn  at  a  a, 
also  horizontal  canals  at  6  6,  X  20^ 
Plati  IV. 
Fig.  4.  Vertical  section  of  Siromatopora  from  the  Comiferons  Limestone,  X  2, 
showing  lines  of  growth,  aa;e,  vertical  section  of  part  of  the  same^ 
X  20 ;  a,  surface  of  lamina,  X  20,  showing  scdid  and  hollow  pillars. 

5.  Portion  of  lamina  of  another  specimen,  x  20,  showing  large  pores  and 

bases  of  two  piUars. 

6.  Portion  of  ano&er  specimen,  X  20,  showing  hollow  and  solid  {nllars 

and  a  pore  at  a. 

7.  Portion  of  silidfied  Stromatopora,  weathered,  and  showing  kunin« 

and  pillars  in  relief,  X  20. 

8.  Portion  of  Stromaiopora  resting  on  a  tabulate  coral  and  showing  aoer- 

Tuline  cells  at  base,  X  2. 

9.  Vertical  section  of  Caunopora  hucUonica,  showing  vertical  tube  and 

horiiontal  canals,  x  20 ;  a,  horizontal  section  of  part  of  the  nme, 
sliowing  canals  and  canaliculi ;  6,  yertical  section,  more  magnified. 

Plate  V. 
Fig.  10.  Horizontal  section  of  Caunopora  hudsonica^  showing  canals  radiating 
from  a  central  tube,  X  20. 

11.  Vertical  section  of  Canostroma  nodulafa,  Comiferous  Limestone,  show- 

ing canals  and  concentric  laminse,  with  much  supplemental  matter, 
X  20. 

12.  Horizontal  section  of  the  tame,  »howiiig  Inrgc  mdiating  canals,  X  20. 
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4.  Note  on  some  DBYOSiAir  Siboxatopobidjs  from  Dabtikgton  near 
ToTKBB.  By  A.  Oeamperkowkb,  Esq.,  F.G.S.  (Eead  June  5, 
1878.) 

I  jawBLBM  to  present  to  the  Society  some  specimens  chiefly  repre- 
Benting  what  some  ohserrers  look  upon  as  the  natural  group,  and 
others  as  the  heterogeneous  mixture  named  Stromatoporidoi. 

I  haye  for  some  time  been  finding  these  fossib  in  large  numbers ; 
and  as  the  subject  has  of  late  aroused  considerable  interest,  it 
occoired  to  me  that  the  Geological  Society  might  be  g]  ad  to  possess 
a  few  from  this  locality. 

I  will  not  pretend  to  offer  a  decided  opinion  myself  as  to  which 
Bet  of  obserrers  are  right,  and  yet,  as  far  as  the  important  question 
of  the  original  constitution  of  the  skeleton  is  concerned,  I  think  it 
is  very  hard  to  believe  in  the  uniform  replacement  of  siliceous  by 
calcareous  matter  in  all  or  nearly  all  of  these  forms,  and  from  so 
many  different  localities.  On  the  other  hand  it  is  difficult  to  regard 
them  as  forming  a  compact  group  of  Calcispongise,  since  whatever 
may  be  held  as  to  their  embracing  true  Hexactinellid  (and,  if  so, 
BiHceous  structures),  or,  again,  Eoraminiferal  structures,  they  clearly 
seem  to  embrace  structures  similar  to  that  of  the  Milleporidse. 
Among  these  some  varieties  of  Caunopiyra  (Stromatopora)  placenta 
(iBnsdL)  are  remarkable. 

I  may  perhaps  be  pardoned  for  referring  to  some  words  of  Prof. 
Phillips  in  describing  this  organism  (Pal.  Eoss.  Cornwall,  Devon,  &c., 
p.  18),  where  he  mentions  the  "  larger  .  .  .  open  (?),  non-lamelli- 
ferous  (?)  tubes,  persistent  through  the  whole  mass.'*  I  have,  in 
several  beautiful  sections  from  the  neighbourhood  of  Teignmouth, 
observed  most  distinctly  that  the  axis  of  the  tube  is  not  open,  but 
is  lameUiferous,  giving  some  appearance  of  a  columella,  and  is  quite 
unlike  any  true  sponge-structure  with  which  I  am  acquainted,  and 
equally  unlike  a  true  Siromatopora  (such  as  S,  concentrica  or 
poli/morpha). 

With  regard  to  their  mode  of  occurrence  at  Dartington,  the 
specimens  sent  are  all  from  dolomitic  beds  ("  Pit-Park  "  quarry) ; 
but  some  of  the  group  are  always  found  wherever  the  limestone  is 
fbssiliferous.  The  rock  is  light-coloured,  highly  crystalline  at  the 
above-named  quarry,  is  worked  for  road-metal,  and  at  one  spot, 
which  has  been  left  for  some  time  unworked  on  account  of  the 
friable,  almost  sandy,  condition  of  a  small  piece,  these  fossils  occur. 
They  are  associated  "with  Alveolites,  Favosites  cervicomis  (y. reticulata), 
Hdiolites  porosus,  Cystiphyllum  vesictdosum,  Heliophytium,  Cyatho^ 
phyUa  (simple),  Crinoidal  joints,  pelvic  plates  of  Hexacrinus  (rare), 
and  occasional  Brachiopoda  (among  which  Mr.  Davidson  recognized 
Spiriferina  cristata  (v.  ocioplicata);  and  from  a  quarry  in  an  ad- 
joining field  the  specimens  of  Uncites  gryphus  now  in  the  Museum 
of  the  Geological  Survey  were  derived. 
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There  is  every  sign  of  the  StromatoporoidB  having  grown  in  the 
position  in  which  they  are  now  found,  and  nothing  to  snggest  theii 
having  travelled. 

They  can  be  followed  a  few  yards  from  where  they  come  oul 
whole,  but  rapidly  become  merged  in  the  crystalline  rock,  and  tlien 
their  internal  structure  becomes  obliterated. 

I  mentioned  above  that  the  fossils  sent  were  chiefly  Stromatopo- 
ridBB.  They  include  also  an  example  of  Smithia  Hennahi  and  Ifelio^ 
lites  parosus.  They  are  all  from  the  Great  Devon  limestone,  Dar- 
tington. 

I  will  only  add  that  specimens  found  later  than  those  sent  are 
decidedly  finer  (for  they  take  some  weeks  to  get  washed  from  the 
day  and  sandy  dolomitic  rock  in  which  they  are  imbedded) ;  and  I 
am  hoping  to  get  them  largely  cut  and  polishldd,  and  shall  have  ^eat 
pleasure  in  sending  some  more. 


Discussion. 

Prof.  Duncan  expressed  his  belief  that  many  different  forms  were 
united  under  the  one  head  of  Stromatoporay  and  that  the  concision 
was  often  due  to  the  mode  of  mineralization.    He  called  attention 
to  a  Smithia  on  the  table,  which,  by  destructive  mineralization,  had 
assumed  a  deceptive  resemblance  to  Stromatopora.     He  thought 
this  had  been  the  case  in  some  of  Mr.  Lonsdale's  specimens.     The 
tubules  in  the  laminse  of  Stromatopora  certainly  had  much  res^l^- 
blance  to  the  tubules  of  MiUepora.     Some  of  the  specimens  on  the 
table  seemed  to  have  openings  li^jB  calices ;  as  they  opened  into  the 
Coenenchjrma  they  could  not  be  corals.    The  cross  tubules  excluded 
them  from  Polyzoa.    They  showed  no  true  supplemental  skeleton 
or  nummuline  layer  like  Eozo(mf  and  so  he  doubted  their  Eorami- 
niferal  character.     With  regard  to  the  mineralization,  he  had  some 
years  before  received  specimens  of  fossils  from  Canada,  which  Dr. 
Dawson's  description  had  recalled  to  his  mind. 

Mr.  Champernowne  described  the  tubular  structure  which  he  had 
observed  in  some  of  the  Stromatoporidae  from  Devonshire,  both  in 
the  horizontal  and  vertical  sections,  and  felt  certain  that  the  group 
contained  many  different  forms.  He  had  never  seen  Eozoonal  struc- 
ture in  the  Devonshire  fossils. 

Dr.  MuRSB  stated  that  some  specimens  which  he  had  seen  re- 
sembled the  Hexactinellidas,  and  he  thought  they  represented 
sponges,  not  precisely  Hexactinellids. 
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B.  On  a  KHW  8picie8  of  Loftusia  from  British  Coluxbia.  By 
6bob0k  M.  Dawsow,  D.S.,  Afl80c.R.8.M.,  F.G.S.,  of  the  Geo- 
logical Sury^  of  Canada,    (Eead  June  5, 1878.) 

[Plate  VL] 

Lr  1869,  Dr.  W.  B.  Carpenter  and  Mr.  H.  B.  Brady  described,  in  the 
'Transactions'  of  the  Royal  Society,  two  remarkable  types  of  gigantic 
arenaceoos  Poraminifera,  under  the  generic  names  of  Parkeria  and 
Loftusia,  For  the  description  of  the  latter  form  Mr.  Brady  is  more 
particulariy  responsible,  and  to  the  genus  then  created  by  him  I  have 
now  to  add  another  species,  for  which  the  name  of  LoftUsia  colum- 
Ucma  is  proposed* 

The  original  specimens  of  Loftusia  were  obtained  many  years  ago 
by  Mr.  W.  K.  Loftus  in  Persia.  They  were  referred  to  in  his  paper 
on  the  geology  of  the  Turco-Persian  h-ontier  and  districts  adjoining, 
published  in  &e  Quarterly  Journal  of  the  Geological  Society  in  1865, 
but  remained  undescribed  tiU  they  came  into  Mr.  Brady's  hands. 
From  the  geological  descriptions  by  Mr.  Loftus,  and  other  forms  of 
Foraminifera  found  in  the  same  stones,  Mr.  Brady  believes  the  geo- 
logical position  of  Loftusia  persica  to  be  in  the  oldest  Tertiary  rocks. 
The  specimens  now  to  be  described  are  from  the  interior  of  British 
Columbia,  and  their  age  is,  I  believe,  Carboniferous.  Examples  of 
the  form  were  first  collected  by  Mr.  J.  Richardson,  of  the  Geological 
Survey  of  Canada,  in  1871,  and  are  mentioned  in  the  Report  of 
Progreas  for  1871-72.  About  a  year  ago,  I  examined  Mr.  Richard- 
son's specimens  with  some  care ;  bnt  during  the  past  summer,  having 
opportunity  to  visit  the  locality  from  which  they  were  procured,  the 
occasion  was  taken  to  collect  a  large  number  of  additional  specimens, 
representing  all  varieties  of  appearance  and  preservation.  Mr. 
Thomas  C.  Weston  has  prepared  from  these  and  Mr.  Richardson's 
speciiaens  a  number  of  transparent  secrions,  from  which  the  accom- 
panying descriptions  and  drawings  have  been  made. 

Meet  of  the  specimens  are  from  Marble  Canon,  a  remarkable  valley 
i^ch  runs  through  from  the  banks  of  the  Fraser  River  to  the  bend 
of  Hat  Creek,  with  a  direction  nearly  transverse  to  that  of  the  main 
features  of  the  country.  For  a  distance  over  ten  miles,  the  sides  of 
the  valley  are  formed  almost  continuously  of  mountains  of  limestone 
or  marble.  The  first  impression  is  that  an  immense  thickness  of 
limestone  is  represented  in  the  exposures;  but,  although  the  dips  are  too 
obscure  to  allow  the  attitude  of  the  beds  to  be  Worked  out  throughout 
the  length  of  the  Canon,  some  small  sections  show  that  part  at  least 
of  the  beds  have  been  sharply  folded  and  the  whole  series  of  folds 
overturned.  This  being  the  case,  it  may  be  that  a  comparatively 
thin  limestone  or  series  of  limestones  forming  a  succession  of  folds 
superimposed  on  a  broad  anticlinal  fiexure  account  for  the  appear- 
ance presented.    That  the  limestones  have  a  very  considerable  thick- 
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ness,  however,  would  appear  from  the  fact  that  about  serenteeii 
miles  to  the  north-west  tkey  are  seen  forming  a  range  of  mountains, 
which  rise  to  altitudes  of  over  1500  feet  above  the  level  of  the  neigb- 
bouring  valleys,  and  run  firom  near  Kell/s  Lake  to  Canoe  Creek. 
The  physical  relations  of  the  beds  will,  however,  be  deecribed  at 
greater  length  in  the  next  Report  of  the  Geological  Survey. 

Though  inclined  to  correlate  these  limestone  beds,  on  stratigra- 
phical  and  lithological  evidence,  with  others  .firom  which  Carbonife- 
rous forms  have  been  obtained,  no  fossils  more  characteristio  than 
the  joints  of  Crinoidal  columns  were  for  some  time  found  in  associ- 
ation with  the  Foraminifer  now  described.  After  some  search,  hew- 
ever,  specimens  of  Fasulina  were  discovered,  thus  bringing  these 
into  relation  with  the  /^o^uZt Tio-bearing  limestones  found  elsewhere 
in  the  province,  and  also  very  widely  over  the  western  part  of  the 
North-American  continent. 

Many  loose  fragments  and  boulders  of  Xo/fima-limestone  were 
also  fbund  at  "  The  Fountain,"  on  the  surface  of  a  high  terrace,  there 
overlooking  the  Fraser.  T\i\a  place  is  about  nine  miles  south- 
westward  from  the  nearest  of  the  Marble-Canon  exposures ;  and  the 
specimens  here  may  have  been  derived  from  a  distinct  outcrop  not  yet 
discovered. 

In  certain  beds  of  the  limestones  of  Marble  Canon,  the  Loftiisia 
occurs  almost  to  the  exclusion  of  other  forms,  characterizing  the 
rock,  and  having  been  the  agent  in  its  production,  just  as  FugtdiiKg 
occur  in  the  best  examples  of  jFWuZtna-Umestone  or  QlohigtrincB  in 
the  Atlantic  ooze.  Other  beds  of  a  nearly  white  colour  and  almoet 
porcellanous  aspect  on  fracture — though  purely  calcareous — are 
found  on  microscopic  examination  to  consist  of  the  comminuted  re- 
mains of  smaller  Foraminifera,  the  mass  resembling  a  thoroughly 
hardened  chalk.  Through  these  a  few  more  or  less  perfect  Loftutum 
may  be  scattered.  Fuxulinas  appear  to  be  very  scarce  in  the  Marble- 
Canon  limestones ;  they  are  much  more  abundant  in  those  of  other 
parts  of  the  country,  composed  principally  of  Crinoidal  fragments. 
They  seem  to  have  preferred  a  bottom  composed  of  the  debris  of  the 
larger  calcareous  organisms  to  the  fine  oozy  bed  most  congenial  to 
the  Lofiusia, 

The  typical  and  most  abundant  form  of  Xo/iftma-limestone  is  a 
pale  or  dark  grey  crj'ptocrystalline  rock,  in  which  the  more  perfect 
specimens  of  Loft^sia  appear  thickly  crowded  together  as  paler  spots, 
generally  pretty  sharply  defined.  The  limestone  breaks  freely  in  any 
direction,  the  fracture  passing  equally  through  the  matrix  and  in- 
cluded organisms,  which  it  is  impossible  to  separate  firom  the  stone. 
The  matrix  generally  seems  to  be  composed  in  great  part  of  granular 
calcareous  matter  similar  to  that  employed  in  building  up  the  test 
of  the  Loftusiay  but  more  irregular  in  size  of  grain,  and  with  an  oc- 
casional fragment  of  a  Crinoid  or  example  of  some  smaller  Fora- 
minifer. When  a  Fusulina  is  found,  oven  on  the  same  thin  section 
with  a  Loftusia,  it  diflers  totally  from  tho  latter  in  appearance.  The 
fine  tubulation  of  the  walls  has  not  been  preserved ;  but  the  calcite 
is  homogeneous  and  almost  milky  in  appearance,  while  the  frag- 
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mental  character  of  the  test  of  Loftugia  ia  apparent  even  nnder  a 
low  power,  and  it  has  a  peculiar  sparkling  aspect. 

In  form,  the  species  hears  a  close  resemhlance  to  L.per^tca,  espe- 
cially to  the  stouter  variety  represented  in  plate  Ixxvii.  fig.  3 
of  Messrs.  Carpenter  and  Brady's  memoir.  I  have  not  observed  any 
spe<umens  to  assume  a  form  quite  so  much  elongated  in  proportion 
to  the  breadth  as  that  given  in  figure  3  of  the  same  plate.  It  is  a 
regular  oval,  with  circular  cross  section,  the  ends  varying  from  ob- 
tusely rounded  to  bluntly  spindle-shaped.  The  Marble-Canon  form,  * 
however,  is  very  much  smaller  than  L,  per$ica,  both  in  its  external 
dimensions  and  proportionally  in  all  its  structures.  By  measure-* 
ment  of  a  number  of  specimens,  the  average  length  of  the  shorter 
axis  appears  to  be  from  19  to  20  hundredths  of  an  inch,  that  of  the 
longer  axis  about  30  hundredths  f  one  specimen  measuring  as  much 
as  ^j^  in  its  leaser  diameter  has  been  found.  Some  may  attain  a 
length  of  -^  or  even  -A^  of  an  inch  ;  a  remarkably  long  and  nar- 
now  example  measured  -^^^  of  an  inch  by  -j^  of  an  inch.  I  have 
not  been  able  to  observe  any  regular  furrowing  of  the  outer  surface 
of  the  test,  though  from  the  appearance  in  cross  sections,  it  is  pro- 
bable that  a  tendency  to  such  marking  exists  in  some  specimens. 
Others  must  have  become  more  or  less  rough  and  irr^ular  in  form, 
from  the  acervuline  mode  of  growth  frequently  assumed  in  the  larger 
examples.  Many  specimens  are,  like  those  of  the  Persian  form,  more 
or  lees  oval  or  elliptical  in  the  outline  of  the  cross  section.  As,  how- 
ever, in  some  specimens  many  examples  may  be  found  in  different 
stages  of  degradation  towards  absolute  shapelessness,  I  believe,  as 
Mr.  Brady  does  of  the  Persian  form*,  that  this  is  abnormal,  and  the 
result  of  changes  after  the  death  of  the  animal.  In  some  cases,  spe- 
cimens of  irregular  form  are  scattered  among  others  of  normsd  ap- 
pearance, and  seem  to  have  decayed  or  collapsed  more  or  less  com- 
pletely before  the  consolidation  of  the  sediment.  In  other  layers, 
the  whole  rook  has  very  evidently  been  compressed  during  metamor- 
phism,  all  the  Eoraminifera  being  flattened  parallel  to  one  plane. 

The  structure  of  this  form  is  in  most  respects  strikingly  similar 
to  that  of  Loflusia  persica^  and,  like  it,  extremely  complicated.  With- 
out Mr.  Brady's  elaborate  and  lucid  description  of  the  former,  it 
would  have  been  a  matter  of  no  small  difficulty  to  make  out  the  plan 
of  growth  of  this  smaller  species,  which  it  is  possible  to  examine  in 
thin  sections  only. 

In  describing  the  structure,  the  same  terms  made  use  of  in  the 
memoir  already  several  times  referred  to  will  be  employed.  I  would 
also  call  attention  to  the  diagrammatic  representation  of  the  plan  of 
the  test  of  Loftugia  on  page  743  of  the  memoir. 

No  central  primordial  chamber,  or  series  of  chambers,  like  that  of 
Parheria  has  been  found.  The  nucleus  of  the  test  appears  to  be,  as 
in  L,  persicay  a  loose-textured  granulated  mass,  nearly  circular  in 
cross  section.  It  has  not  been  observed,  however,  to  become  so  di- 
stinctly cancellated  as  appears  to  be  the  case  in  L,  persica. 

In  theory,  this  test  may  be  said  to  consist,  like  that  of  tho  original 
*  Op.  cU.  p.  742. 


Digitized  by 


Google 


72  O.  M.  DAW80N  OK  A.  KEW  BPECIB8  OF 

Bpecies,  '<  primarily  of  a  continuous  lamina  coiled  upon  itself,  like  a 
scroll  constricted  at  the  ends.  The  space  enclosed  by  this  '  primarj^ 
lamina '  is  divided  into  chambers  by  longitudinal  septa.  The  septa 
are  of '  secondary '  growth  ;  that  is  to  say,  they  are  not  continuous 
with  the  principal  wall  or  ^  spiral  lamina,'  but  are  rather  offshoots 
from  it"*.  As  seen  in  a  transverse  section  of  the  test,  these  septa 
are  not  perpendicular  to  the  spiral  lamina,  but  very  oblique  to  it ;  and 
on  further  examination  they  are  found  to  lie  nearly  parallel  to  the 
surfaces  of  a  supposed  second  scroll,  concentric  with  the  first,  but 
not,  like  it,  constricted  at  the  ends.  The  lines  of  intersection  of  the 
*'  secondary  "  septa  and  "  primary  "  lamina  make,  therefore,  curved 
or  oblique  outlines  on  the  surfaces  of  the  latter.  The  septa  show-, 
however,  as  straight  or  nearly  straight  lines  in  longitudinal  and  tan* 
gential  sections. 

A  series  of  "  tertiary  '*  ingrowths  farther  pass  between  the  opposed 
surfaces  of  the  "  primary  "  lamina  and  these  and  the  "  secondary  ^ 
septa.  These  processes  are  in  the  form  of  pillars,  and  are  arranged 
in  rows,  longitudinally  and  transversely,  appearing  most  regular 
in  a  longitudinal  section.  They  are  at  right  angles,  or  nearly  so, 
to  the  ''  primary"  lamina.  The  structure  is  further  complicated  by 
the  fact  that  the  "  tertiary  "  columns,  where  they  attach  themselves 
to  the  spiral  laminae  at  their  distal  extremities,  expand  into  a  more 
or  less  regular  cross-shaped  form,  the  arms  of  which,  uniting  with 
those  from  the  neighbouring  pillars,  form  a  reticulated  framework. 
This,  owing  to  the  regularity  of  position  of  the  columns,  may  almost 
be  considered  as  forming  a  system  of  crossed  rafters  supporting  the 
"  roof  "  of  the  space  contained  between  each  two  consecutive  folds  of 
the  *'  primary  "  lamina,  while  the  columns  do  not  show  any  such  ex- 
pansion on  the  *^  floor."  The  spaces  between  the  expansions  or 
rafters,  constituting  a  series  of  imperfect  chambers,  are  farther  fiUed 
with  a  loose  cancellated  growth,  which  sometimes  depends  more  than 
halfway  to  the  "  floor."  This  represents  the  system  of  "  irregular 
anastomosing  tubes  "  and  ^'  parallel  columnar  or  tubular  processes '' 
occupying  a  like  position  in  L.  persica ;  but  in  the  form  now  under 
consideration,  probably  owing  to  the  greater  size  of  the  calcareous 
particles  in  proportion  to  that  of  the  test,  and  its  consequent  rougher 
construction,  no  distinct  tubulation  is  recognizable. 

The  greatest  number  of  convolutions  of  the  "  primary "  lamina 
actually  observed  is  seventeen.  Ten  is  a  very  common  number  in 
average-sized  specimens.  The  average  breadth  of  the  space  enclosed 
between  two  successive  convolutions  of  the  lamina  is  one  hundredth 
of  an  inch ;  and  this  is  maintained  with  considerable  regularity, 
though  in  young  specimens  the  first  two  or  three  whorls  are  much 
less.  The  "  tertiary  "  processes  or  pillars,  and  the  bars  of  the  reti- 
culated framework  connected  with  them,  are  generally  in  diameter 
from  one  four-hundredth  to  one  three-hundr^th  of  an  inch,  very 
rarely  as  much  as  one  hundredth. 

The  ^'  primary  "  lamina,  as  in  L,  persica^  is  a  thin  and  definite 
wall,  generally  appearing  in  microscopic  sections  as  a  well-defined, 
ft  Cjp.  «*/.  p.  743. 
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thougli  often  somewhat  flexuous  dark  line.  The  "tertiary*'  in- 
growths, or  pillars,  are  composed  of  comparatively  large  particles, 
though  these  scarcely  ever  attain  a  size  of  one  thousandth  of  an  inch. 
Though  rough  in  outline  when  examined  under  a  high  power,  they 
are  well  defined  and  compact-looking  at  their  proximal  extremities ; 
where  they  are  involved  in  the  spongy  growth  from  the  roof,  they 
hecome  less  definite  and  occasionally  appear  almost  to  vanish  before 
uniting  with  the  lamina. 

The  expansions  of  the  pillars  against  the  roof,  or  rafters  as  they 
have  been  called,  are  much  deeper  than  wide,  and  though  definite 
and  clearly  seen  in  tangential  sections  of  the  lamina,  are  generally 
not  distinguishable  from  the  spongy  ingrowth  in  transverse  or  lon- 
gitudinal sections.  Both  the  rafters  and  cancellated  ingrowth  appear 
to  diSer  much  in  texture  from,  and  to  be  much  more  transparent 
than,  the  columns.  The  secondary  ingrowths,  or  septa,  are  of 
similar  material,  and  in  many  cases  are  scarcely  to  be  distinguished 
but  for  the  expansion  of  the  pillars  upon  them. 

The  separation  of  the  primary  lamina  from  the  subsidiary 
cancellated  growth,  said  to  be  common  in  L.  persica^  and  repre- 
sented in  plate  Ixxix.  fig.  2  (op.  eit,),  has  not  been  observed  in  any 
of  these  specimens,  a  circumstance  probably  in  connexion  with 
their  smaller  size  and  less  complex  structure.  Many  specimens  show 
externally  a  layer  of  variable  thickness  of  acervuline  or  irregular 
growth.  This  appears  to  occur  chiefly  in  those  examples  which 
may  be  supposed  to  have  attained  maturity,  and  to  have  formed  a 
stronger  protecting  crust  round  the  delicate  fabric  of  the  test.  Fig.  2 
(PI.  VI.)  represents  this  feature,  which  does  not  appear  to  be  found 
in  L.  persica,  A  layer  of  chambers  without  any  definite  external 
lamina  appears  to  be  formed,  and  these  chambers  communicate  out- 
ward, with  still  less  regular  openings,  and  d^enerate  eventually  into 
a  cancellated  or  spongy  mass  of  calcareous  particles,  which  is  gene- 
rally limited  by  a  firmer  and  darker  outer  layer.  Smaller  Eorami- 
nifera  are  occasionally  included  in  the  substance  of  the  test  of  the 
Lofttma,  though  much  larger  than  any  of  the  granular  fragments 
usually  composing  it 

In  the  matrix  of  some  of  the  specimens  are  a  few  examples  of  a 
form  which,  though  seen  only  in  transparent  section,  from  its  pre- 
cise resemblance  in  size  and  shape  to  that  figured  by  Mr.  Brady  as 
Climacammeria  arUiqua*  in  his  memoir  on  Carboniferous  and  Per- 
mian Foraminifera,  I  have  no  hesitation  in  referring  to  this  species. 

Mr.  Brady  says  of  the  genus  Loftusia  that  it  would  "  seem  to  find 
a  natural  place  a^^  the  head  of  the  Arenaceous  series  of  Foraminifera, 
a  position  corresponding  to  Alveolina  in  the  Porcellanous  group,  and 
FusuUna  among  the  Vitreous  forms."  It  is  indeed  remarkable  to 
find  the  Palaeozoic  forerunner  of  the  more  gigantic  Tertiary  Lofiusia 
agreeing  with  it  so  precisely,  even  in  many  of  the  more  minute  points 
of  structure.  The  case  is  analogous  to  that  of  the  discovery  by  Mr. 
Brady  in  Carboniferous  rocks  of  Nummulina  pristina,  which  in  the 

*  Monogr.  Pal«ontographical  Society,  toL  xxx.  p.  6S,  plate  ii.  fig.  8. 
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same  way  corresponds  very  closely  with  the  Tertiary  and  modem 
Nummulites. 

In  the  arrangement  of  the  pillars  uniting  the  folds  of  the  lamina, 
the  spongy  ingrowth  filling  the  chambers,  and  in  other  points,  this 
Loftusia  bears  a  striking  resemblance  to  some  forms  of  Stromatapora, 
It  differs,  however,  in  its  regularly  spiral  character,  and  in  the  fact 
that  no  pores  have  been  observed  to  traverse  the  "primary"  lamina. 
It  is  scarcely  probable,  however,  that  the  organic  connexion  between 
the  different  parts  of  the  Loftusia  was  maintained  only  in  directions 
parallel  to  the  circuitous  course  of  the  lamina. 

Genus  Lofttjsu,  Brady. 

Loftusia.  colttmbiana,  sp.  nov. 

Test  oval ;  circulsu:  in  transverse  section ;  the  ends  rounded  or 
very  obtusely  spindle-shaped ;  chambers  many,  narrow  ;  septa  very 
oblique,  more  nearly  parallel  to  the  sides  of  a  cylinder  than  is  the 
primary  lamina ;  primary  lamina  and  septa,  or  "  secondary "  in- 
growths, supported  by  pUlars  or  "  tertiary  "  ingrowths  ;  pillars  nu- 
merous, arranged  in  parallel  lines  transversely  and  longitudinally, 
expanding  laterally  at  their  distal  extremities  to  form  imperfect  cham- 
bers, which  are  filled  with  a  loose,  granular,  cancellated  growth. 
Exterior  of  test  frequently  becoming  irregular  and  acervuline. 
Length  of  test  about  -j^  of  an  inch,  width  of  test  about  r^^  of  an 
inch ;  intervals  between  successive  folds  of  the  adult  primary  lamina 
about  j^^  of  an  inch. 

Carboniferous  Limestone,  Marble  Canon,  British  Columbia. 

DESOBIPTION  OF  PLATE  VI. 

Fig.  1  representfl  portion  of  a  transparent  section,  nearly  at  right  angles  to 
the  longer  axis  of  the  Foraminifer.  The  test  is  represented  by  the 
darker  shading,  while  more  transparent  caloite  fills  th»  chambers.  The 
primary  lamina  is  designated  by  a,  and  is  seen  to  be  thickened  by  the 
spongy  ingrowth,  b  designates  one  of  the  more  perfect  secondary 
growths  or  septa.  Many  of  the  tertiary  ingrowths  end  proximally 
before  reaching  the  inner  lamina ;  this  may  arise  in  some  cases  from 
the  slight  obliquity  of  the  plane  of  section  to  the  direction  of  their 
axes.  That  the  section  is  not  truly  through  the  centre  of  the  form  it 
seen  at  d,  where  it  becomes  tangential  to  tne  inner  layer,  and  exhibits 
a  portion  of  the  primary  lamina  in  plan.     (  X  26.) 

Fig.  2  is  a  portion  of  a  longitudinal  section  of  the  outer  part  of  the  test,  a 
designates  the  primary  lamina ;  c  the  tertiary  processes  or  pillars.  .  «,  f, 
&  g  refer  to  the  acermline  or  irregular  exterior  portion,  well  deve- 
loped in  this  specimen.  At  ^  an  irregular  tier  of  chambers  has  been 
formed,  which  pass  outwards  in  some  places  almost  imperceptibly  into 
d,  a  spongy  or  cancellated  mass,  which  is  generally  limited  exter- 
nally by  a  more  or  less  definite  wall,  a.  The  secondary  growths,  or 
septa,  are  not  seen  in  this  section,  and  tnis  is  very  frequenuy  the  case 
in  longitudinal  sections.  It  arises  partly  from  the  greater  transfVL- 
rency  of  these  as  compared  with  the  thickened  floors  and  the  pillars,  and 
apparently  partly  also  from  the  circumstance  that  they  are  in  reality 
more  fragile,     (x  26.) 

Fig.  3  represents  a  portion  of  a  longitudinal  tangential  section,  which  is  rery 
instructive,  as  showing  nearly  all  parts  of  the  test.     This  may  profit 


Digitized  by 


Google 


X 
X 


3 


1 


t— I 
PQ 
IS 
P 

O 

o 

2S 
CO 
D 

H 

o 


Digitized  by 


Google 


Digitized  by 


Google 


LOmrSIA  FBOM  BRTTIBH  COLXTKBU.  75 

tably  be  compared  with  that  nrea  on  plate  Ixxiz.  fig.  1  of  Messrs. 
Carpenter  and  Brady's  memoir,  a  indicates  a  part  of  the  primary 
lamina,  which  is  thickened,  as  before  described,  and  may  consequently 
be  seen  as  a  series  of  rather  broad  dark  xones,  indefinite  on  their  inner 
edges,  and  running  parallel  to  each  other,  b  points  out  one  of  the 
secondary  growths  or  septa ;  these  may  be  seen  running  parallel  to  the 
longitudmal  axis  of  the  form.  They  appear  wide,  from  being  cut  ob- 
liquely, but  also,  in  many  cases,  from  the  identification  with  them  of  the 
longitudinal  rods  or  rafters  formed  by  the  expansion  of  the  pillars. 
At  right  angles  to  these,  at  i,  are  seen  rods  formed  by  the  union,  trans- 
verse to  the  axis,  of  the  distal  ends  of  the  pillars.  At  c  the  section 
becomes  nearly  radial,  and  the  pillars  are  seen  as  in  figure  2.  At  d 
part  of  the  thickened  primary  lamina  is  shown  in  plan.    (  X  25.) 

Fig.  4  is  nearly  longitudinal  and  radial,  representing  part  oi  three  folds  of  the 
primary  lamina  (a)  and  the  pillars  imiting  them  (c).  The  irre^la- 
rities  of  these  are  shown,  and  the  cancellated  growth  from  the  mner 
nde  of  the  lamina  is  indicated  by  ^.     (  X  75.) 

fig.  5.  Portion  of  the  thickoied  primary  lamina  shown  in  plan.  At  d  the 
ffreater  part  of  the  spongy  thickening  has  been  removed  in  grinding 
down  the  section.  The  rafter-like  thickenings  from  the  intersections 
of  which  the  columns  spring  are  here  clearly  seen.  The  darker  zone 
surrounding  this  part  represents  the  primary  lamina  and  its  thicken- 
ing (A)  obliquely  cut.  Where,  at  the  edges,  the  section  becomes  more 
nearly  at  right  angles  to  the  oorred  lamina,  the  pillars  may  be  seen 
running  out    (x  75.) 

Fig.  6.  Transverse  section  through  the  nucleus  of  a  very  young  specimen,  show- 
ing the  first  convolutions.    (  X  45.) 

Fig.  7  represents  the  external  form  of  the  organism  of  actual  size.  The  figure 
on  the  right  is  of  an  unusually  long  variety. 
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6.  On  tTie  Tebtiaby  Deposits  on  the  Solimoes  and  Javabt  Rivebs,  tn 
Brazil.  By  C.  Babrington  Brown,  Esq.,  F.G.S.,  Assoc.  R.S.M. 
With  an  Appendix,  by  R.  Etheridoe,  Esq.,  F.R.S.,  V.P.G.S. 
(Read  June  19,  1878.) 

[Plate  VIL] 

Whilst  engaged  on  the  Geological  Commission  of  the  Amazon  Steam 
Navigation  Company  of  London,  in  the  year  1874,  I  had  an  oppor- 
tunity of  examining  some  beds  on  the  banks  of  the  Solimoes,  or 
Upper  Amazon,  and  one  of  its  tributaries,  the  Javary,  which  con- 
tained similar  species  of  fresh-  and  brackish-water  shells  to  those 
found  in  the  Tertiary  beds  at  Pebas,  still  further  up  the  Amazon. 
These,  I  naturally  concluded,  were  part  of  a  southerly  extension  of 
the  same  deposit ;  and  my  conclusion  is,  I  think,  borne  out  by  the 
fact«. 

Thinking  that  any  additional  records  of  this  highly  interesting 
Tertiary  deposit  might  prove  acceptable  to  geologists,  I  have  em- 
bodied the  scanty  results  of  my  investigations  in  the  present  paper. 
Amongst  the  fossils  I  collected  were  some  hitherto  undescribed 
genera  and  species,  which  have  now  been  examined  by  Mr.  Etheridge, 
who  has  described  them  in  an  Appendix  which  he  has  done  me  the 
honour  to  attach  to  this  paper. 

The  late  Professor  Orton  was  the  first  to  mention  the  occurrence 
of  f ossiliferous  beds  on  the  Amazon ;  and  Mr.  Gabb,  to  whom  he 
submitted  the  fossils  for  examination,  pronounced  them  to  be  of 
Tertiary  age.  As  Professor  Hartt,  in  a  paper  *'0n  the  Tertiary  Basin 
of  the  Maranon,"  published  in  the  '  American  Journal  of  Science 
and  Art«,*  vol.  iv.  July  1872,  has  already  pointed  out,  Professor 
Orton  erred  in  stating  that  these  shells  occurred  in  *'  the  coloured 
plastic  clays  which  stretch  unbroken  from  the  foot  of  the  Andes  to 
the  Atlantic;"  while  Mr.  Woodward,  in  his  paper*  on  the  Pebas 
fossils  collected  by  Mr.  Hauxwell,  arrives  at  the  mistaken  conclusion 
that  the  Pebas  beds  are  "  evidently  bed  II.  of  the  late  Professor 
Agassiz's  ideal "  and  erroneous  "  section." 

Professor  Hartt  having  very  thoroughly  examined  the  firere 
district,  across  which  Professor  Agassiz's  section  was  run,  is  better 
able  than  I  am  to  speak  upon  the  subject ;  and  I  therefore  refer 
any  one  interested  in  the  matter  to  the  first  paragraph  of  page  68  of 
his  paper  above  mentioned. 

Regarding  the  error  first  referred  to  above,  it  is  easy  to  see  that 
Professor  Orton  has  confounded  together  two  distinct  deposits — one 
being  an  old  river-formation  composed  of  coloured  clays  beneath, 
and  white,  red,  and  yellow  sands  above,  capped  by  red  clayey  loam 
which  passes  into  the  sands ;  and  the  other,  part  of  a  set  of  blue 
f ossiliferous  clays  containing  seams  of  impure  lignite. 

This  old  river-deposit,  spreading  over  a  great  portion  of  the 
*  *  Annals  and  Magazine  of  Natural  History'  for  January  and  February  1871. 
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AauLzon  Talley,  similar  to  the  loess  of  the  RhinOy  is  of  exceeding 
ioterest,  cliff-sectioiiB  of  it,  ranging  from  10  to  300  feet  in  height, 
beiz^  exposed  in  many  places  on  the  hanks  of  the  great  river  and 
its  txibutariee,  where,  in  their  windings  throagh  their  present 
•Umial  plains,  ihej  pass  at  intervals  hy  its  edges.  It  lies  nncon- 
formably  upon  the  Tertiary  clays ;  for,  on  the  Javary,  the  white 
and  led  sands  are  seen  forming  the  upper  portions  of  some  of  the 
difT-sections,  resting  on  what  are  nndouhtedly  denuded  surfaces  of 
the  fosfiilif erous  heds.  Unfortunately,  in  every  instance,  the  actual 
junction  of  the  two  is  ohscured  hy  talus  and  landslips.  As  every 
geologist  who  has  worked  in  the  tropics  must  he  aware,  cliff-sections 
are  invariably  unsatisfactory  in  their  greater  portions,  owing  to 
landslips  caused  hy  atmospheric  agencies,  and  to  the  dense  masses 
of  vegetation  which  cover  them  with  an  impenetrahle  mask  when 
their  faces  incline  in  a  slight  degree  from  the  perpendicular.  Again, 
another  difficulty  presents  itself — the  sections  along  a  river  hordered 
by  recent  alluvium  are  never  continuous,  long  intervals  of  low  mud 
thoree  intervening  between  each  exposure,  and  forming  puzzling 
breaks  in  their  continuity,  very  trying  to  one  who  is  endeavouring 
to  trace  out  the  sequence  of  a  set  of  beds. 

Prof efflor  Hartt,  in  the  paper  before  referred  to,  speaking  of  some 
sections  examined  and  described  for  him  by  a  Mr.  Steere,  remarks  as 
follows : — *'  In  examining  the  above  sections  we  find  the  jsurface* 
bed  always  composed  of  variegated  clays,  with  more  or  less  sand, 
which,  according  to  Mr.  Steere,  were  deposited  on  the  much  denuded 
surface  of  the  lower  fossiliferous  beds,  the  last  being  clearly  Ter- 
tiary." Here,  then,  we  have  further  evidence  that  there  is  no 
rela^on  between  the  two  deposits,  the  upper  being,  as  I  before 
stated,  a  river-deposit,  and  the  lower  a  brackish-water  formation. 

Previous  to  the  time  of  my  visiting  the  country,  the  Tertiary 
deposit  had  been  traced  from  Loreto,  in  Peru,  down  the  Amazon  to 
a  short  distance  below  Tabatinga,  in  Brazil.  The  most  ea^rly 
spot  at  which  I  met  with  it  on  the  Solimoes,  or  Upper  Amazon, 
was  in  a  cliff-section  two  miles  below  bt.  Paulo,  a  town  situated  on 
the  southern  bank  of  the  river,  at  a  distance  of  1350  miles  from  its 
mouth,  measured  in  a  straight  line,  and  150  miles  below  Tabatinga. 
Following  the  bends  of  the  river,  the  distance  is  1922  miles. 
Although  there  were  no  fossils  to  be  seen,  yet,  from  its  similarity  to 
the  fossiliferous  beds  on  the  Javary,  I  feel  confident  that  it  is  part 
of  the  same  formation. 
A  detailed  section  of  it  gives  the  following  horizontal  layers : — 

Soil Yellowish  loam.  / 

''10  feet.  Greyish-blae  clay.                  -    '  '     •                  ^ 

5    ,,  Bull  purplish  day. 

3    „  Dark  clay,  impregnated  with  vegetable  matter. 

1  /oot  Impure  henite. 

Tertiary  i  10  feet  Qreenisb-blue  clay. 

1  foot.  Impure  lignite. 

20  feet  Oreenish-blue  clay. 

10    „  Bluish  arenaceous  clay,  containing  calcareous  no- 

^  dules. 
Siver. 
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Another  section,  nearer  the  town,  gives  the  following: — 

•D-       J        -J.     onr_A  /  Reddish  arenaceous  loam. 
a.Ter^epo«it.    29  feet  j  ^j^j^  ^^^  ,^^j^  p^^^y^ 

It  is  difficult  to  determine  whether  the  Tertiary  beds  ever  extended 
eastward  down  the  Amazon  beyond  St.  Paulo  ;  for,  with  the  excep- 
tion of  a  blue  shaly  clay  weathering  of  a  brownish-green  colour, 
lying  at  the  base  of  the  river-deposits,  and  only  exposed  when  the 
waters  are  low,  no  beds  are  seen  in  any  way  resembling  them. 
This  shaly  day,  which  is  seen  in  most  sections  on  the  Solkiioes  as 
far  down  as  the  mouth  of  the  Purus,  is  unconformable  to  the  base 
of  the  overlying  beds,  and  contains  well-preserved  leaves,  which  are 
of  very  doubtM  value  in  determining  its  age.  Beds  of  Mable 
sandstone  occupy  its  place  below  the  river-deposit  at  Obidos  and 
Montealegre ;  but  not  sufficient  data  have,  as  yet,  been  collected  to 
show  whether  they  are  of  Tertiary  age  or  otherwise. 

In  ascending  the  river  from  St.  Paulo,  the  next  difp-sections  are 
at  St.  Cruz,  and  again  at  Caldeirao,  on  the  north  side  of  the  SoUmoes 
some  84  miles  on ;  but  they  do  not  expose  any  Tertiary  beds. 

Some  20  miles  below  the  mouth  of  the  Javary,  on  the  south  bank, 
the  low  cliffs  there  seen  are  composed  of  Tertiary  beds,  which, 
further  on,  at  a  place  called  Kebeirds,  are  fossiliferous.  The  section 
there  exposed  is  as  follows : — 

Birei^deposit.    17  feet  {  S^jJ^^^y  ^  ^  ^^^^ 

1  foot    White  sand  and  grareL 
Tertiarv  ^  ^^^    Light  |preenish  cUy. 

^^^  '  12    „       Greenish-bhie  day,  with  layers  of  shells,  and  hsTing 

a  layer  in  it  of  hard  reddish  day  Aill  of  sheila. 
Birer. 

The  fossils  in  the  greenish-blue  clay  are  of  the  same  kinds  as 
those  found  in  the  sections  on  the  Javary,  described  below,  while 
the  hard  reddish  day  contains  a  great  abundance  of  small  univalves. 

The  Tertiary  beds  fbrst  met  with  on  the  Javary  are  at  the 
Barreiras  (difib)  of  Santa  Anna,  where,  at  the  foot  of  their  sloping 
front  of  reddish  and  grey  days  (a  short  distance  below  the  landing- 
place),  greenish  days  containing  brown  concretionary  nodules  ar« 
seen.  At  the  time  of  my  visit  the  level  of  the  Javary  stood  at  38 
feet  below  its  high- water  mark  of  floods,  and  consequently  was 
some  20  feet  above  its  lowest  level  in  the  dry  season.  Thus  it  will 
be  seen  that  a  considerable  portion  of  each  diff-section  was  hidden 
from  view. 

At  Barreiras  Braga  the  first  bed  of  lignite,  which  is  2  feet  6 
inches  in  thickness,  is  seen  with  its  base  at  the  v^ter-levd,  dipping 
south  at  an  angle  of  3^.  Lying  upon  it  is  a  thick  layer  of  greenish- 
grey  arenaceous  clay,  containing  shells  like  those  at  Canama,  a 
section  to  be  described  further  on.  There  is  this  difference,  how- 
ever, that  the  bivalves  predominate  in  number  over  the  univalves  in 
this  section,  whilst  at  Canama  they  are  more  evenly  balanced. 
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Agsio,  amongst  tliem  was  one  large  freshwater  bivalve,  which, 
«wmg  to  its  friable  condition,  was  so  broken  in  its  removal  that  it 
k  impossible  to  say  to  what  genus  it  belongs,  though  at  the  time  I 
took  it  to  be  a  Hyria.  Upon  the  greenish  clay  comes  grey  clay, 
while  all  above  that  is  rendered  obscure  by  a  landslip. 

There  are  numbers  of  poor  sections  from  which  nothing  can 
be  dearly  made  out  until  some  cliffs  on  the  Peruvian  side,  a  few 
miles  below   Canama,  are  reached,  where  the  following  section 


occurs  :- 


Tertiary 


Krcr. 


3  feet. 
13    „ 
2 

13    „ 

2 
20 


Beddbh  loam. 
Greyish  clay. 
Impure  lignite. 
Blue  day  containing  fostilB. 
Greenish-grey  clay. 
6  in.    Impure  lignite. 

{Sou  light  greenish-blue  clay. 
Blue  clay,  with  fossilfl. 


Here  I  found  some  large  freshwater  shells  (Uhio  and  Anodon) 
in  the  blae  day  below  the  upper  lignite,  and  one  small  species  of 
mivalTe  different  from  those  of  the  other  sections ;  also  a  portion  of 
the  body-whorl  of  a  large  Gasteropod.  At  the  lower  end  of  the 
same  ehSs  the  river-deposit,  consisting  of  red  loam  and  white  sands, 
forms  the  greater  portion  of  their  height,  and  rests  upon  a  dark 
grey  day,  below  which  is  the  light  greenish-blue  day  usually 
found  beneath  the  lower  layer  of  lignite — thus  showing  evident 
uieonformability,  the  upper  beds  and  lignites  having  been  denuded 
before  the  deposition  of  tiie  sands  and  loam. 

rndoubtedly  the  dearest  section  that  I  had  an  opportunity  of 
examining  was  that  at  Canama,  at  a  distance  of  200  yards  above  the 
liUle  settlement  of  that  name,  and  some  50  miles  up,  in  a  straight 
line,  from  the  mouth  of  the  Javary.  The  arrangement  there  was 
as  follows: — 


SiTcr^pout. 


•i? 


3  feet  Beddish  loam. 

5  „  6  in.    Grey  clay,  mottled  with  iron-oxide  Btains. 
foot  DuU  purplish  clay,  containing  numeroufl  casts 

of  DiralTeB,  chiefly  of  Anisothyris. 
14  feet  Slightly  arenaceous   bluish  clay,  containing 

great  quantities  of  shells  arranged  in  hori- 
zontal lines,  chiefly  Jnisotkyris  and  Neritina, 

1  foot  Nodular  concretionary  clay-rock,  the  concre- 

tional  centres  of  which  were  composed  of  blue 
limestone,  containing  shells  of  same  species 
as  those  in  the  day. 
14  feet  Greenish-blue  slightly  arenaceous  day,  con- 

taining shells  sparingly  scattered  through  it, 
of  similar  genera  to  those  in  the  beds  aboTe, 
and  two  thin  layers  of  concretionary  calca- 
reous nodides. 

1  foot  8  in.  Lignite. 

6  feet  Light  blue  clay. 

Tins  layer  of  lignite  is  composed  of  a  hai*d  brownish  vegetable 


Tertiary 
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substance  intimately  mixed  with  earthy  materials^  and  contains 
pieces  of  wood,  the  original  appearances  and  texture  of  which  are 
very  slightly  altered.  It  contains  a  thin  layer,  hardly  an  inch  in 
thickness,  of  pure  lignite,  while  all  the  rest  is  impure  and  uninflam- 
mable. Amongst  the  decidedly  woody  parts  are  surfaces  covered 
with  minute  crj^stals  of  iron  pyrites.  The  lignite  exposed  in  the 
section  at  Canama-Settlement  landing,  though  evidently  a  continua- 
tion of  the  same  layer,  differs  exceedingly  from  the  above  in  ita 
upper  half  being  composed  of  peaty  matter  containing  vast  quanti- 
ties of  entire  and  comminuted  shells,  most  of  which  are  minute  uni- 
valves. Seeds  or  nuculae  of  a  species  of  Chara  are  also  very  common 
in  it.  The  lower  portion  is  composed  of  impure  lignite,  and  does 
not  contain  any  shells. 

Although  the  cliff-front  at  the  landing-place  of  Canama  appears 
to  have  sHpped,  rendering  the  section  doubtful,  still  I  think  the  fol- 
lowing is  the  true  sequence  of  the  beds  : — 

ft  in. 

10    0  YeUowish  0U7  containing  layer  of  lignite. 

4  0  Bull  greenish-blue  clay  with  fonils. 
6    0  Light  bluish  day. 

2  10    Impure  lignite  with  foesilB  in  its  upper  portion. 

3  0    Bluish  day  with  shells. 

5  0    Sloping  clay  talus. 

River. 

These  beds  dip  east  at  an  angle  of  6^.  The  yellowish  clay  is 
slightly  arenaceous  in  parts,  and,  where  it  reaches  a  level  of  about 
6  feet  above  the  water-line,  contains  numbers  of  fossil  shells,  chiefly 
of  Melania,  Cerithium,  and  Anisothyris,  together  with  a  very 
curious  little  Neritina  marked  with  black  dots.  The  shells  found 
in  tlie  two  clay  beds  of  the  above  section  are  chiefly  Neritina  and 
Anisoihyris. 

From  a  perusal  of  the  descriptions  of  the  above  sections  it  will  be 
seen  that  though  there  is  a  great  similarity  in  the  composition  of  these 
beds  in  the  various  spots  on  the  Javary  where  they  occur,  yet  their 
thickness  and  relative  positions  vary  greatly  within  short  distancee. 
While  most  of  the  sections  show  horizontal  bedding,  two  of  them, 
viz.  that  at  Canama  landing  and  that  at  Barreiras  Braga,  disclose 
clear  dips  at  gentle  angles.  It  is  therefore  next  to  impossible  to 
construct  a  general  section  representing  the  true  continuity  of  the 
whole  along  the  river's  edge  with  any  degree  of  accuracy.  It  would 
appear  that  in  being  raised  to  their  present  position  they  have  be- 
come in  some  degree  disturbed.  Again,  on  the  other  hand,  if  we 
compare  the  section  that  is  described  as  occurring  above  Canama,  on 
the  Javary,  with  a  section  taken  by  Mr.  Steere  at  Pebas  some  fifty 
miles  to  ilie  northward,  we  find  a  remarkable  similarity  between  the 
two,  suggesting,  in  fact,  that  they  are  both  on  the  same  horizon.  Mr 
Steere's  section  is  as  follows : — 
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ft   in. 
''Surfaoe  deposit...     10    0    Bed  and  white  day. 

5    0    Blue  day,  full  of  foedla. 
13    of  ^^"^  ^^^'  ^^^  '"^  occasional  shell  too  badly 
\     preserved  to  be  remored. 
Lignite.    For  a  few  inches  above  and  below 
this  the  clay  is  filled  with  regetable  re- 
mains. 
Blue  clay.    In  the  middle  is  a  band  3  feet  in 
,     thickness  containing  shells. 
Talus  disguising  rest  of  section." 

The  chief  differences  in  the  two  are,  that  in  the  place  of  the 
nodular  calcareous  bed  of  the  upp^r  Canama  section,  the  Pebas  sec- 
tion has  a  layer  of  lignite ;  while  the  arrangement  of  the  fossils 
appears  to  be  somewhat  different.  Propi  my  lower  Canama  section 
it  would  appear  as  if  the  upper  bed  of  lignite  corresponded  in  posi- 
tion with  the  nodular  calcareous  bed — in  fact,  that  one  passed  hori- 
zontally into  the  other.  It  appears  to  me  that  the  Pebas  13-  and 
15-feet  beds  of  blue  clay  correspond  exactly  to,  or  are  the  same  as, 
the  two  Canama  14-feet  beds  of  blue  clay.  Thus  it  will  be  seen 
that  though  the  sections  vary  on  the  Javary  in  short  distances,  still 
there  is  a  remarkable  similarity  betweei\  one  section  there  and  one 
at  Pebas. 

One  cannot  feul  to  be  struck  with  the  great  extent  of  these  beds, 
occupying  a  tract  of  country,  as  far  as  at  present  known,  of  300 
miles  in  length  by  50  miles  in  breadth,  and  containing,  curiously 
enough,  assoeiated  fresh-  and  brackish-water  shells,  as  well  as  with 
their  position  at  so  great  a  distance  from  the  Atlantic,  ocean.  At 
the  time  of  their  deposition  the  physical  features  of  the  north-eastern 
portion  of  South  America  must  have  been  vastly  different  from  what 
they  are  at  the  present  day.  The  sea  then  reached  far  inland,  pro- 
bably to  1500  miles  west  of  its  present  shore-line,  and  coyered  the 
country  which  is  now  the  valley  of  the  Amazon.  Instances  of  f  abe- 
bedding,  showing  the  action  of  the  strong  currents,  being  nowhere 
obeeirable  in  the  beds  of  this  deposit  which  have  been  examined, 
it  is  probable  that  they  were  formed  in  comparatiyely  still  water, 
into  which  flowed  numerous  streams  bearing  much  yegetable  matter. 
I  think  we  may  infer  that  they  are  almost  the  highest  beds  of  a 
series  which  hsfi  been  deposited  under  similar  conditions  to  delta* 
beds  of  the  present  day.  No  speculation  of  this  sort  can  as  yet  take 
a  definite  form,  but  all  must  remain  visionary  until  further  data  have 
been  gathered  bearing  upon  the  extent,  nature,  and  thickness  of  this 
deposit  where  it  occurs  in  other  portions  of  the  same  region.  Then 
we  may  arrive  at  the  true  explanation  of  its  deposition,  and  find 
out  whether  it  is  an  old  delta  as  supposed,  or  otherwise,  as  well  as 
whence  came  the  rivers  which  contributed  to  its  formation. 

It  is  with  a  view  to  assist  in  the  elucidation  of  these  problems 
that  I  have  here  recorded  my  observations  on  the  structure  and  ex- 
tent of  these  interesting  Tertiary  beds,  where  I  have  met  with 
them. 

Q.J.G.8.  No.  137.  o 
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APPENDIX. 

Notes  on  the  Mollusca  coUecUd  by  C.  Barrinoton  Bbown,  Esq., 
A.B.S.M.,  from  the  Tertiart  Deposits  of  Solimobs  and  Javary 
EiYERS,  Brazil.     By  R.  Ethbridgb,  Esq.,  F.R.8.,  V.P.G.S. 

The  collection  of  Tertiary  Mollusca  made  by  C.  B.  Brown,  Esq.,  to 
illustrate  a  portion  of  his  investigation  of  the  geological  features  of 
certain  portions  of  the  Upper  Amazon,  although  few  in  species,  is 
nevertheless  of  value  on  account  of  its  showing  a  considerable  ex- 
tension of  these  later  Tertiaries  on  the  Solimoes  or  Upper  Amazon 
and  Javary  rivers  in  Brazil,  ranging  over  an  area  300  miles  in 
length  by  50  miles  in  breadth ;  again,  the  great  extension  westwards 
of  the  Atlantic,  probably,  as  Mr.  Brown  believes,  some  1500  miles 
west  of  the  present  shore-line  and  covering  the  area  now  the  valley 
of  the  Amazon,  is  of  sufficient  interest  to  demand  some  notice  of  the 
Mollusca  once  occupying  the  now  elevated  sea-,  estuarine,  and  fresh- 
water deposits. 

Mr.  T.  A.  Conrad*  and  Dr.  H.  Woodward t  have  both  described 
certain  species  of  Mollusca  from  these  Tertiary  deposits,  many  of 
them  being  the  same  as  those  collected  by  Mr.  Brown,  thus  pre- 
cluding other  notice  than  reference  to  them  in  the  volumes  cited 
below.  I  am  enabled  to  add  and  describe  about  fourteen  new  species 
or  forms,  or  such  as  I  cannot  determine  from  the  works  of  others. 

PlaktuB. 
Chara  (seeds  of). 

The  only  remains  of  this  freshwater  plant  are  some  eight  or  ten 
seeds,  smaller  than  those  of  oar  British  Charas ;  nothing  whatever 
can  be  determined  as  to  the  specific  eharacters  of  the  plant  through 
the  seeds.  It  is  a  widely  distributed  genus,  occurring  in  stagnant, 
fresh,  and  brackish  water.  The  Upper  Eocene  beds  (Hempstead 
series)  of  Britain  contain  three  species,  and  i^iree  occur  in  the  Post- 
Pliocene  series ;  we  should  expect  to  find  the  remains  of  this  plant  in 
extensive  marsh  and  shallow-lake  districts.  The  habit  of  the  plant 
tends  to  its  preservation,  owing  to  the  amount  of  carbonate  of  lime 
secreted  in  tjie  stems  and  nuculse.  About  forty  species  are  known, 
and  about  fourteen  are  British. 

Loc  Canama,  in  the  lignite  bed. 

Mollusca. 

Lamellibranchiata.  — 

Drussska  acuta,  Ether.    (PI.  VII.  fig.  1.) 

I  give  this  a  provisional  name,  first,  because  it  is  the  only  speci- 
men, and  secondly,  the  DreissenoB  are  so  much  alike  that,  without  a 

*  Amer.  Journ.  of  Conch,  vol.  yl  p.  192,  t.  10, 11  (1871). 

t  Ann.  &  Mag.  Nat  Hist.  ser.  4,  toI.  vii.  pp.  59, 101,  t.  5  (1871). 


Digitized  by 


Google 


T&B  TSSnABY  DEPOSITS  OF  BBA21L.  83 

proper  series  for  comparison,  it  would  be  wrong  to  do  more  than 
give  it  a  name  for  the  purpose  of  recognition ;  the  strong  ridge, 
acute  umbo,  and  longitudinal  lines  clearly  determine  it  to  be  a 
Dreissena, 

Dr.  C.  L.  F.  Sandberger,  in  his  exhaustive  work  *  Die  Land-  und 
Siisswasser-Conehylien,'  names  many  species  of  Dreissena ;  but  none 
appear  to  agree  with  our  form ;  the  extremely  acute  and  curved  umbo 
and  strong  keel  in  our  species  distinctly  separate  it  from  the  forms 
figured  by  Sandberger ;  his  D,  daviformis  mostly  resembles  our  spe- 
cimen, but  the  ventral  ridge  is  much  more  strongly  marked  than  in 
his  species. 

Loe,  Canama. 

AinsoTHTBis  CABMTATA,  Courad,  he.  eit.  p.  196,  t.  10.  f.  7;  H. 
Woodward,  he.  cit  p.  106,  t.  5.  f.  6. 

This  singular  shell  is  without  question  the  same  as  Conrad's  Pa- 
chydon  carinatue,  which  is  so  weU  described  by  Conrad  and  Wood- 
ward, op.  cit.,  that  it  needs  no  notice  from  myself.  It  evidently  is 
an  abundant  sheU  in  these  Amazonian  beds. 

Loe,  Canama. 

AiosoTHTRis  TBNTJis,  Gabb  (Pachydon),  American  Journal  of  Con- 

chology,  vol.  vi.  p.  196,  t.  10.  fig.  1. 
Paehydon  tenua^  Gabb,  ib.  vol.  iv.  p.  199,  t.  16.  fig.  6. 

This  shell  is  described  and  figured  in  the  American  Journal  above 
quoted  under  the  name  Pachydim.  Conrad  suggested  the  name  Ani-^ 
sothyris  for  this  genus,  the  name  '*  Paehydon "  being  preoccupied* 
Dr.  Woodward  adopts  Anisothyris  in  his  paper  on  the  Tertiary  sheUs 
of  the  Amazon  valley,  where  the  affinities  and  difibrences  are  also 
ably  discussed. 

Loe.  Canama. 

AiosoTHTBis  Eauxwxlli,  H.  Woodward,  loe.  eit.  p.  105,  t.  5.  f.  7. 

There  is  no  doubt  this  is  the  shell  referred  to  in  Dr.  Woodward's 
paper,  closely  as  it  resembles  A.  tenuis. 
Loe.  Canama. 

Anisothtkis  (Pachtdon)  TT7X1DA,  Ether.     (PI.  YII.  fig.  2.) 

Shell  thick,  tumid,  obtusely  triangular,  equivalve,  inequilateral, 
delicately  wrinkled,  with  a  shining  epidermis;  posterior  area 
slightly  fiattened;  anterior  region  nearly  vertical  or  obtusely 
rounded ;  ventral  margin  much  rounded ;  umbonal  region  thick ; 
umbones  incurved,  contiguous ;  lunular  area  deep.  Cardinal  tooth 
deltoid,  acute  at  the  apex,  and  slightly  erect ;  hinge-pit  deep ;  lateral 
tooth  thick,  elongated ;  pallial  impression  simple ;  oral  and  anal  scars 
placed  very  far  forward  and  backward. 

The  umbonal  region  difiers  from  that  of  Corhula  in  the  spiral 
arrangement  of  the  umbones,  which  are  much  incurved,  and  by  the 
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interlocking  of  the  tooth  in  the  left  valye  at  the  nppermofti  part  of 
the  lunule  into  that  of  the  right  yalye*. 

CoBBTTLK  CAKAMASN81S,  Ether.    (PI.  YU.  figs.  3,  da.) 

I  have  no  means  of  determining  whether  this  be  a  new  species  or 
not ;  the  forms  are  &o  similar,  and  specific  differences  amongst  them 
too  slight  to  be  observed  from  figures,  unless  specimens  for  compari- 
son are  before  us.  I  give  it  a  local  geographical  name>  and  figure 
the  shell  in  case  other  specimens  are  collected  from  the  same  wide 
area ;  probably  this  form  is  ostuarine.  Corhula  (Potamomya)  labiata 
(Azara,  D'Orb.),  from  the  La  Plata,  and  also  from  the  Pampas  and 
other  places  in  the  Argentine  Republic,  may  be  this  species  or  a 
variety.  Although  this  shell  resembles  Anisothyris  erecta^  Conr.,  and 
the  figure  by  Dr.  Bottger,  Jahrb.  k.-k.  geol.  Eeichsanst.  1878, 1. 14. 
f.  12, 1  still  believe  it  to  be  quite  distinct. 

Loc.  Canama. 

TflBACiA? 

One  valve  (left)  only  of  this  genus  occurs.     Although  probably  a 
mature  shell,  it  is  a  small  species ;  no  name  can  be  given  to  it. 
,   Loc.  Canama. 

LUTBABIA? 

Dke  the  above  {Thracia) ;  only  one  valve  of  some  small  species 
occurs.  Both  appear  to  be  marine  genera ;  but  we  know  not  under 
what  condition  they  were  deposited  or  became  associated  with  the 
estuarine  and  freshwater  fossils.     I  name  them  with  doubt. 

Loc.  Canama. 

Anodok,  sp. 

Two  fragments  only  testify  to  the  freshwater  condition  of  the 
strata  in  which  they  occur.  The  shell  of  this  species  must  have 
been  thick  and  large. 

Loc,  ClifiB  a  few  miles  below  Canama. 

XJnio. 

We  have  the  anterior  portion  only  of  an  elongated  species.  Umbo 
very  anterior,  eroded,  having  one  large  elongated  tooth  and  slightly 
rugose  posterior  markings ;  one  long  posterior  hinge-tooth  occupies 
more  than  half  the  length  of  the  shell.     Shell  thick. 

Loc,  Clifls  a  few  miles  below  Canama. 

*  Dr.  H.  Woodward,  in  his  paper  upon  the  Tertiary  Sheila  of  the  Amafon 
valley,  under  the  genus  Pachydon,  notices  many  affinities  and  differences  be- 
tween the  aboTe  genus  and  certain  allied  forms,  such  as  Corhula,  Azara, 
KearCf  &e. 
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Gastropoda. 

PaBCTDOLACir^A*,  Bottger,  1878,  Jahrbach  kaiaerlich-koniglichen 
geologischoa  Reichsanstalt,  Wien,  1878. 

PsEUDOLACfJWA  MACROPIBRA,  Bottg.  loC  cU.      (PL  VII.  fig.  12.) 

Shell  small,  smooth,  composed  of  six  whorls ;  spire  conical ;  the 
body- whorl  greatly  enlarged ;  left  or  oolumellar  lip  thick,  reflected, 
possessing  a  single  central  tooth  on  the  sigmoidal  columella,  and  a 
smaller  callosity  on  the  npper  portion ;  aperture  elongated,  somewhat 
trigonal  and  expanded,  and  acute  or  angular  centrally,  pointed  at 
both  extremities,  emarginate  at  the  base,  or  the  anterior  canal 
slightly  recnrved ;  outer  or  right  lip  thick. 

This  shell  resembles  in  outline  the  genus  AlyccBus  of  Gray,  bnt 
the  columellar  tooth,  elongated  aperture,  thickened  penstome,  and 
reflected  callosity  on  the  columella  remove  it  from  that  genus. 

Loc.  Canama. 

Natioa ? 

Three  specimens  which  appear  to  belong  to  this  genus  are  amongst 
the  shells  collected.  They  are  thick  and  heavy  for  so  small  a  species, 
and  appear  to  me  to  be  somewhat  abnormal  forms  of  Natica. 

Shell  thick,  smooth,  grazed,  and  dense ;  whorls  five,  ventricose ; 
sntares  deep ;  body- whorl  large ;  aperture  elongated ;  left  or  colu- 
mellar lip  tiiick ;  near  posterior  canal  much  thickened ;  right  lip 
slightly  waved ;  umbilicus  (?)  smalL 

Loe.  Canama. 

Neritika  ptocta.  Ether.     (PL  VIL  fig.  9.) 

Shell  small,  semiglobose,  thick ;  outer  lip  of  peristome  much  ex- 
panded ;  surface  of  shell  covered  by  dark,  nearly  equal-sized,  spots, 
which  appear  to  be  epidermal  or  cutieular  (they  disappear  with  the 
removal  or  destruction  of  the  outer  shelly  covering)  ;  columella  ver- 
tical, with  six  or  seven  obscure  teeth  along  its  edge ;  the  pigment- 
dots  are  arranged  in  lines  springing  from  the  apex,  as  in  NeriUna 
Mzac^  and  follow  the  lines  of  shell-growth.  Although  the  mark- 
ings may  have  no  specific  value,  I  nevertheless  refer  to  them  as  a 
means  of  recognising  the  shell  in  the  same  deposits. 

Zoc.  Canama  (in  yellow  clay). 

NBRixnrA  ziczAc,  Ether.    (PL  VII.  figs.  10, 10  a.) 

Shell  semiglobose,  broader  than  high ;  aperture  Innate ;  outer  lip 
expanded,  thm,  or  acute ;  columella  broad,  flat,  and  straight,  having 

*  I  had  proposed  the  name  Alycmtdonta  for  this  shell,  naming  the  species 
after  Mr.  B.  Brown.  I  find,  howerer,  that  Br.  Oskar  Bottger,  of  Frankfort, 
has  already  described  it,  giving  it  the  aboTe  muneJPseudolacuna  macroptera). 
There  can  be  no  doubt  it  is  Dr.  Bottger's  genus.  We  both  apparently  gare  a 
new  generic  name  to  this  shell ;  but  priority  must  be  giren  to  I)r.  Bdttger,  on 
aOoount  of  date  of  publication,  as,  since  my  notice  of  uie  shell,  the  description 
by  Ihr.  Bottger  has  appeared,  which  neoeasitatef  my  withdrawal  of  the  name 
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numerous  small  dentlculations  along  its  vertical  edge;  colamcUar 
side  of  body- whorl  covered  by  a  glossy  expanded  fold,  nearly  equal- 
ling in  size  or  expansion  the  aperture-opening;  outer  surface  of 
shell  glossy,  and  covered  with  wavy,  subangular,  or  zigzag  lines,  all 
emanating  from  the  apex  of  the  shell  and  ranging  vertically  down 
the  expanded  body-whorl. 
Loe,  Canama. 

Odostomia,  sp. 

Three  specimens  of  this  genus  occur.     They  are  not  in  a  condi- 
tion to  be  named  specifically. 
Loc.  Canama. 

Htdbobia  niTBU,  Ether.  (?  Paludestbina).    (PI.  VII.  fig.  11.) 

"We  have  forms  of  this  genus,  or  one  strongly  resembling  it; 
they  do  not  appear  to  have  been  noticed  by  Gabb  or  Conrad. 
Whorls  five,  smooth,  rounded ;  outer  lip  thin,  the  inner  slightly 
reflected  over  the  umbilicus ;  body-whorl  large ;  sutural  constric- 
tions deep.  I  can  hardly  detect  any  difierence  between  this  and 
our  Hydrohia  pupa,  and,  as  may  be  expected,  many  Bissooe  may  bo 
mistaken  for  it  also.  There  are  only  two  specimens,  not  well  pre^ 
served,  and  I  name  them  with  much  doubt 

Loe,  Canama. 

IsjSA?,  Conrad. 

Iscea,  sp.,  allied  to  /.  Ortoni^  Gabb. 
Mesalia,  sp.,  Amer.  Joum.  Conch,  vol.  iv.  p.  198. 
IscBOy  Conrad,  Amer.  Joum.  Conch,  vol.  vi.  p.  193,  t,  10.  f.  10-13 
(1870-71). 

Two  small  shells  seem  to  me  to  belong  to  the  above  species. 
Mr.  Gabb's  specimens  were  too  imperfect  to  show  some  characters ; 
ours  are  little  better,  and  fail  to  show  the  mouth. 

Loc,  Canama. 

Dtbis,  Conrad. 
D,  gracilis^  Amer.  Joum.  Conch,  vol.  vi.  p.  195, 1. 10.  f.  8. 

Conrad  figures  and  describes  a  slender  shell,  to  which  I  refer  our 
four  specimens.  The  figure  is  of  little  value ;  but  the  short  descrip- 
tion agrees  with  our  forms. 

Loc.  Canama. 

AssTMTNEA,  Loach. 
A,  crassUy  Ether. 

Shell  thick,  composed  of  five  ventricoso  whorls ;  sutures  deep ; 
body-whorl  large,  somewhat  subangular  in  outline ;  inner  or  colu- 
melJar  lip  thick  and  reflexed  over  the  columella. 

The  shell-structure  in  these   Assiminece  is  thicker   than   usual,  - 
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which  may  be  due  to  their  habit  of  life.    To  refer  them  to  anj  British 
species  would  lead  to  error,  for  the  want  of  better  eyideuce  and 
biowledge  of  the  animal. 
Loe.  Canama. 

PsHSLLA,  Adams. 

Only  one  specimen  of  this  genus  (fam.  lUssoidffi)  appears  amongst 
the  small  shells  in  the  collection ;  no  specific  name  can  be  appended. 

^ell  small,  elongated,  composed  of  seven  whorls,  those  of  the 
spire  having  two  concentric  lines  near  the  base  of  each  whorl,  the 
body-whorl  possessing  three  or  four ;  aperture  elongated ;  columella 
thick.     Length  -^  inch. 

Loc.  Canama. 

CxRiTHiinf  coBOKATTH,  Ethcr.     (PI.  YIl.  ^g.  5.) 

Shell  elongated;  whorls  ten,  the  first  six  or  seveu  smooth,  or 
nearly  so,  the  remaining  whorls  ornamented  with  tubercles  and 
coarse  lines ;  tubercles  arranged  in  a  single  row  along  the  shoulder 
of  each  whorl  below  the  sutural  line ;  outer  lip  notched  dose  to  the 
shoulder  of  the  whorl  and  suture  in  a  line  with  the  line  of  nodes  or 
tubercles ;  inner  or  columellar  lip  reflected  ;  base  of  the  body-whorl 
with  four  or  five  strongly  mark^  concentric  lines  and  a  few  fainter 
ones  near  the  anterior  canal,  and  crossed  by  fine  lines  of  growth. 

Loc.  Canama. 

Melakopsis?  Browkh,  Ether.    (PI.  VII.  ^.  4.) 

There  are  some  eight  or  ten  specimens  of  this  species ;  but  I  have 
nothing  to  compare  them  with.  The  genus  is  represented  by  a  large 
number  of  species  distributed  world-wide ;  it  apparently,  with  the 
other  moUuscan  remains  of  the  Amazon  valley,  was  estuarine  in 
habit. 

Spec.  char. — Shell  turreted,  elongated ;  whorls  five,  sides  vertical ; 
sulcus  or  suture  at  junction  of  the  whorls  depressed,  the  sutural  edge 
elevated ;  upper  whorls  doubly  carinated ;  body-whorl  concentrically 
banded  by  nearly  equidistant  lines,  slightly  rugose  at  the  base,  here 
and  there  possessing  a  varice ;  anterior  canal  slightly  notched ;  outer 
lip  toothed ;  columellar  lip  slightly  reflected  and  thick. 

This  shell  much  resembles  a  ifeUinia,  and  but  for  the  siphonal 
notch  might  be  referred  to  that  genus  or  its  subgenus  Flotta, 

Loc.  Canama. 

MELiiffiA  TBiCABiKATA,  Ether.    (PI.  VII.  ^g.  6.) 

Shell  small,  elongated ;  whorls  nine,  ventricose,  bevelled,  and 
deeply  constricted  on  the  upper  part  or  shoulder  of  each  whorl ; 
three  carinse,  or  distinct  lines,  occur  on  all  the  whorls  except  the  last 
or  body-whorl,  which  possesses  four ;  aperture  ovate ;  anterior  canal 
short,  very  slightly  notched.     Length  |  inch. 

Loe,  Canama. 
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Melania  scalarioidbs,  Ether.     (PL  VII.  fig.  8.) 

Shell  small,  turroted,  ribbed,  or  strongly  costated ;  whorls  seven, 
ventrioose;  sutural  constrictions  deep;  the  varices,  or  costaa,  are 
nodular  about  the  middle  of  each  varice,  producing  on  each  whorl 
a  kind  of  median  keel  or  projection;  aperture  oblique  or  ovate. 
Length  ^\  inch. 

This  shell  resembles  Prososthenia  Schufartzi  (Neumayr),  Sand- 
berger,  *  Land-  und  Susswasser-Conchylien,'  p.  673,  t.  32.  f.  2.  I 
may  almost  say  it  is  the  same  species,  if  we  may  trust  the  figure  in 
Sandberger's  plate.  I  have  doubts,  however,  about  its  even  being 
a  Melania.  Nevertheless  I  name  it  M,  scalarioides^  at  the  same  time 
referring  to  the  above  work  for  comparison. 

Loe*  Canama. 

Melaiqa  BicABDf ATA.,  Ether«    (PL  Vn.  fig.  7.) 

S)iell  small,  elongated ;  whorls  seven ;  two  carinse  occur  on  aU 
except  the  body-whorl,  which  has  three ;  considerable  space  occurs 
between  the  double  lines,  and  this  is  occupied  by  a  smooth  area, 
which  apparently  has  no  markings ;  aperture  elongated ;  columella 
obtusely  carinated  and  thickened.     Length  \  inch. 

Loc,  Cananuu 

Mtliobatib,  sp.,  or  Zyoobatis.    (PL  VII.  ^.  13.) 

A  single  plate  only  (median  or  lateral)  of  a  palatal  tooth ;  how  it 
came  into  the  freshwater  beds  of  Canama  is  doubtfdl,  although  the 
"  rays''  are  said  to  occur  high  up  in  the  Amazon  river.  It  may,  how- 
ever, have  been  derived  from  some  Eocene  beds  within  the  area. 

Loe.  Canama  (from  the  lignite  bed). 

EXPLANATION  OP  PLATE  VH. 

fig.   1.  Drmsena  acuta.  Ether. 

2.  Aniaothyria  {Pachydon)iumida,  Ether, 
d.  Corbu/a  canamaenmSf  father. 

4.  Melanopsis?  BravmU,  Ether. 

5.  Cerithmm  coronaitwi^  Ether. 

6.  Melania  tricarinata^  Ether. 

7.  Melania  bicarinatat  Ether. 

8.  Melania  scalarioides.  Ether. 

9.  Neritina  puncta,  Ether. 

10.  Neritina  tnczac,  Ether. 

11.  Ifydrobia  duhia.  Ether. 

12.  Pseudolacuna  macropterm,  Bottg. 

13.  Myliobatis  or  Zyoobatis,  sp.  (pUte  of  a  polatal  tooth). 

The  short  lines  appended  to  some  of  the  figures  indicate  the  sise  of  the 
speclmene ;  the  rest  are  of  the  natnral  sice. 
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7.  On  the  XJpfbr-Gbbbnbakd  Cobal  Fauka  of  Haldon,  Deyokshise. 
By  Professor  P.  Maktik  Duncan,  M.B.  Lond.,  P.R^.,  &c. 
(Read  November  20,  1878.) 

[Platb  VIII.] 

MM.  Milne-Ebwabds  and  Jules  Haime,  writing  in  1850,  in  their 
celebrated  'Monograph  of  the  British  Fossil  Corals,'  stated  that  'Hhe 
class  of  Polypi  had  not,  in  all  probability,  namerons  representatives 
in  the  beds  where  the  Upper  Greensand  was  deposited ;  for  we  have 
as  yet  seen  only  four  British  species  belonging  to  that  formation ; 
and  the  English  geologists  do  not  appear  to  have  met  with  many 
more.  Most  of  the  fossils  belong  to  the  family  Astrseidae,  and  have 
been  fonnd  at  Haldon,  at  Blackdown,  or  at  Warminster"  ♦. 

Daring  the  twenty-eight  years  which  have  elapsed,  so  many  speci- 
mens of  fossil  corals  have  been  discovered  in  the  English  Upper- 
Greensand  series  that  the  coral  fauna  of  that  age  has  become  an  im- 
portant one,  and  requires  more  careful  examination  by  palaeonto- 
l<^st8. 

MM.  Milne-Edwards  and  Jules  Haime  described  a  few  speci- 
mens which  had  been  collected  and  studied,  to  a  certain  extent,  by 
Mr.  B.  Godwin-Austen  and  Prof.  John  Morris.  Thus  Pephsmilia 
AusterUy  Edw.  &  H.,  of  Haldon,  was  described  by  the  French  natu- 
ralists from  Mr.  Austen's  specimen,  and  two  species,  called  by  Mr. 
Godwin- Austen  Astrasa  elegans  and  Astrcea  escharoides,  were  men- 
tioned in  the  Monograph ;  but  as  the  specimens  were  not  available, 
the  forms  were  not  delineated. 

The  Blackdown  Greensand  contained  Morris's  TurhinoUa  com^ 
pressa,  which  became  Trochosmtlia  tuherosa^  Edw.  &  H. ;  and  Para^ 
trcBa,  now  Favia  striata^  Edw.  &  H.,  came  from  the  same  locality. 
The  "Warminster  Greensand  yielded  Micrdbacia  coronulaj  Goldfuss, 
sp.,  to  the  researches  of  the  distinguished  zoophytologists. 

Some  time  afterwards  the  same  authors  published  a  description 
of  SmUoirochus  Austeni,  Edw.  &  H.,  from  the  Farringdon  Greensand, 
and  altered  the  generic  title  of  the  Trochosmilian  form  from  Haldon 
to  Smilotrochus  tuberosus,  Edw.  &  H.  One  new  form  was  thus  added 
to  the  list. 

In  1869  and  in  1870  the  portion  of  the  'Supplement  to  the  British 
Fossil  Ck>rals'  relating  to  the  corals  of  the  Upper-Greensand  series 
was  published  by  the  Palseontographical  Society,  and  considerable 
additions  were  made  by  me  to  the  fauna  from  Haldon.  The  coral 
fauna  of  the  Cambridge  Greensand  was  also  described ;  moreover  an 
Irish  coral  species  was  determined  from  a  similar  geological  horizon. 

The  Haldon  species  had  been  carefully  collected  by  Mr.  W.  Vicary, 
F.O.S. ;  and  the  Cambridge  Greensand  corals  were  placed  in  my  hands 
by  Mr.  James  Carter  and  the  Rev.  Thomas  Wiltshire.     The  results 

*  MM.  Milne-Bdwards  and  Jules  Haime,  Pakeontolog.  Soc,  Monog.  Brit. 
FoM.  Corali,  part  i.  1850. 
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Ojathophora  montioularia,  2/Orh, 
Favia  m'iuutissima,  Duncan, 
Astroocenia  decaphjUa,  Edw.  j-  B^ 
Isastnea  haldonenos,  Ihmoan. 


of  their  ezamiDatioD,  published  in  the  above-mentioned  Monograph, 
showed  that  the  following  species  were  distinguishable : — 

Flacosmilia  cimeiformis,  Edw.  ^  H. 
Parkinsoni,  Edw.  ^  H, 

—  magnifica,  Duncan. 
depressa,  E.  de  From. 

These  eight  species  are  from  Haldon. 

The  specimens  from  the  Cambridge  Greensand  are : — 

SmilotrochuB  elongatus,  Duncan.  I  Onchotrochus  Carter!,  Duncan, 

—  angulatus,  l^ncan.  \ 

And  Farringdon  yielded  Smihtrochus  Aitsteni^  Edw.  &  H. 

The  corals  of  the  Cambridge  and  Farringdon  Greensands  are  small, 
simple,  and  probably  lived  in  a  few  fathoms  of  water,  with  their 
bases  in  sand  or  mud ;  but  those  of  Haldon,  mentioned  above,  tell  a 
different  story,  the  truth  of  which  is  enhanced  by  the  later  collec- 
tions of  Mr.  W.  Yicary.  Not  only  are  the  simple  corals,  the  FUi'- 
cosmilice,  and  Pephsmilice,  for  instiance,  large  forms  (and,  indeed,  some 
are  as  large  as  the  ordinary  simple  tropical  corals  of  the  present 
day),  but  the  last  four  in  the  Haldon  list  indicate  the  conditions  of 
a  fringing  reef.  The  Isastrasa  and  the  Astrocamia  were  vigorous 
forms,  and  with  the  Favia  and  Cyathophora  were  true  limestone- 
builders. 

During  the  last  few  weeks  Mr.  W.  Vicary  has  placed  his  collec- 
tion again  at  my  service ;  and  I  find  that  the  list  of  species  requires 
much  addition,  and  that  some  of  the  new  forms  are  very  remarkable. 

The  foUowing  is  the  list  of  the  new  species  from  Haldon  described 
in  this  communication :-  - 


Trochoemilia  Tarians,  Bcuss. 
Haldonia  Yicarji,  sp.  noT. 
Stelloria  incruBtans,  sp.  nor. 
Baryhelia  reticulata,  Bp.  nor. 
Thamnastrna  belgica,  Edw.  ^  H. 
Kamsayi,  »p.  nov. 


Oroseris  haldonenais,  sp.  nor. 
Actinads  steUulata,  ep.  nor. 

insignia,  sp.  nov. 

Trochoseris  constricta,  sp.  nor. 

Morrisi,  sp.  nor. 

Heliopora  caarulea,  GriTnm. 


These  twelve  species,  with  the  eight  noticed  already,  and  the  first 
one  described  by  MM.  Milne-Edwards  and  Jules  IBUdme,  form  the 
twenty-one  species  of  the  Haldon  Greensand  coral  fauna.  In  order 
to  comprehend  the  nature  of  this  fauna  it  is  necessary  to  consider 
the  morphology  of  the  species  as  explained  in  their  description. 

Description  of  new  Spedes  of  Corah  from  the  Haldon  Greensand^ 
and  notices  of  the  previously  described  forms  lately  found  there* 

MADREPOBARIA  APOROSA. 

Family  ASTRuElD^. 

Group  Trochosmiliace^. 

Tbochosmilia  varians,  Reuss,  Denkschr.  der  Wiener  Akad.  der  Wiss. 
t.  vii.  p.  88,  pi.  6.  figs.  7-11  (1854). 

The  corallum  is  upright,  straight,  and  has  a  large  base ;  its  height 
varies  in   different   specimens.     The  cost®  are  alternately  rather 
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projectiog  close  to  the  calicular  margin,  and  are  formed  by  simple 
series  of  granulations.  The  calice  is  elliptical  in  outline,  the  axes 
being  as  1 :  IJ.  There  are  four  or  ^Ye  cycles  of  septa,  and  the 
septa  are  unequal  and  stout.  The  species  is  from  the  Gosau  Creta- 
ceous series  of  the  age  of  the  French  Craie  tuffeau. 

English  Locality,  Haldon  Greensand.  In  the  collection  of  "W, 
Vicary,  Esq.,  F.G.S.,  Exeter. 

Group  EuSMILIFiB    AOOBEOATJS. 

Haldokia,  gen.  nov. 

The  eorallum  is  massive ;  the  corallites  are  united  by  their  walls ; 
the  calices  are  circular  in  outline,  and  there  is  no  columella.  Pali 
exist  before  the  primary  septa.  The  cost®  are  well  developed,  and 
do  not  unite  with  those  of  other  calices,  or  pass  from  one  calice  to 
another.  The  endotheca  is  abundant,  and  closes  the  calice  inferiorly 
as  if  by  false  tabulae. 

Haldoiqa  Vicabti,  sp.  nov.    (PL  VIII.  figs.  2,  3.) 

The  eorallum  is  massive,  with  a  broad  incrusting  base  and  a 
slightly  convex  surface.  The  calices  are  separated  by  a  slight  de- 
pression, are  rather  raised,  deep,  and  widely  open.  The  costeD  are 
well  developed,  slightly  erect,  larger  than  the  septa,  long,  straight, 
broad,  separate,  widest  without  and  rounded  above ;  those  of  the 
first  and  second  cycles  are  the  largest,  the  primaries  exceeding  the 
secondaries.  The  septa  are  slender,  but  well  developed,  long  ver- 
tically, and  not  exsert ;  they  are  unequal,  and  form  three  cycles  in 
six  systems;  the  primaries  are  the  longest,  and  reach  furthest 
towards  the  axial  space.  The  pali  are  small,  distinct,  and  narrow, 
but  they  are  largely  granular  and  broadly  ridged,  and  are  placed 
just  within  the  primaries.     ITie  breadth  of  the  calices  is  ^^  inch. 

Loc,  Haldon  Greensand.  In  the  collection  of  W.  Vicary,  Esq., 
F.GJ3.,  Exeter. 

Group  LlTHOPHTLLIACE^    MBANDROID^,  Edw.  &  H. 

Stellobu  nrcBusTAiJs,  sp.  nov.    (PL  VIII.  figs.  4,  5.) 

The  eorallum  incrusts  shells  or  littoral  concrete ;  it  is  flat,  slightly 
uneven,  gibbous,  and  depressed  here  and  there,  and  covers  much, 
space.  The  valleys  are  short,  straight,  often  radiating,  sinuous^ 
or  shorter  and  gyrose ;  they  are  very  narrow,  but  are  deep  and 
without  columella,  and  are  closed  at  some  depth  by  an  endotheca 
resembling  tabulse,  which  do  not,  however,  quite  reach  across. 
The  collines  are  very  narrow,  sharp ;  and  the  septa  join  above  on  a 
wavy  ridge  ;  they  reach  but  a  small  distance  from  the  colline,  but 
are  long  vertically,  and  are  subequal  and  placed  at  regular  intervals, 
and  arc  crowded  and  stout.  The  endotheca  is  situated  deeply,  and 
extends  more  or  less  across  the  valley.  Width  of  a  valley  and  two 
collines  from  -^  to  ^  inch. 

IjOc.  Haldon  Greensand.  In  the  collection  of  "W.  Vicary,  Esq., 
F.G.S.,  Exeter. 
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Family  OCULINID-^. 

Babtheua  beticitlata,  sp.  nov.     (PI.  VHI.  fig.  1.) 

The  corallam  is  massive,  short,  and  irregularly  ramose.  The 
palices  are  few  in  number,  are  plaoed  without  any  definite  order, 
and  are  irregularly  separate ;  some  are  sunken  in  ^e  coBnenchyma, 
and  others  are  on  short  conical  eminences;  they  are  deep,  with 
solid  walls,  and  there  are  six  large  septa,  and  a  rudimentary  one 
exists  between  some  of  the  larger.  There  is  no  columella,  and 
there  are  no  pali.  The  surface  of  the  coenenchyma  is  microscopi- 
cally reticulated,  and  the  meshes  are  small  and  irregular,  but  very 
distinct,  the  ridges  being  thin  and  short  There  are  no  costae.  The 
diameter  of  the  calicos  is  from  -^to  -^  inch. 

Loc.  Haldon  Greensand.  In  the  collection  of  W.  Vicary,  Esq., 
r.G.S.,  Exeter. 

MADBEPORARIA  PERFORATA. 
FamUy  FUNGID-S!. 

Subfamily  LophobbbinjI;  Edw.  &  H. 

Thaknastksa  belgica,  Edw.  &  H. 

This  species  has  not  been  satisfactorily  diagnosed  by  M\[.  Milne- 
Edwards  and  Jules  Haime ;  but  the  forms  under  consideration  from 
Haldon,  which  appear  to  be  stunted  specimens  of  it,  show  the  fol- 
lowing characters : — ^The  corallum  is  in  the  form  of  a  gibbons,  thin, 
incrusting  lamina.  Calicos  very  small,  less  than  X  inch  in  dia- 
meter, shallow,  with  a  papillary  columella.  Septa  oroadly  dentate 
above,  stout,  subequal,  the  primaries  being  the  longest.  The  costs 
are  bifurcations  of  the  septa. 

In  the  collection  of  W.  Vicary,  Esq.,  F.G.S.,  Exeter. 

Thamkastb^a  Ramsati,  sp.  nov.    (PL  YUI.  fig.  6.) 

The  corallum  is  convex  above ;  the  calicos  are  small  (less  than 
^  inch  in  diameter),  often  crowded,  and  now  and  then  forming 
short  series.  The  columella  is  largo  and  trabecular,  with  a  few 
papillaB.  The  septa,  twenty-four  in  number,  are  slender,  unequal, 
some  not  reaching  the  columella,  and  the  costse  are  more  numerous 
than  the  septa. 

Loe,  Haldon  Greensand.  In  the  collection  of  W.  Vicary,  Esq., 
F.G.S.,  Exeter. 

Obosbbis  halbonbnsis,  sp.  nov.    (PL  VIII.  figs.  9  &  10.) 

The  corallum  is  large,  not  very  thick  ;  it  incrusts  and  has  a  sub- 
plane  surface.  The  calicos  are  in  small  series  separated  by  well- 
developed  short  coUines,  or  isolated  and  in  linear  groups  and 
separated  by  a  colline.     The  calicos  are  irregular  in  shape,  rather 
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deep,  and  there  is  no  columella  or  barely  the  vestige  of  one.  The 
septa  are  osnally  24  in  number ;  and  the  costse  are  close,  subequal, 
long,  thin,  and  much  more  numerous  than  the  septa,  two  or  three 
uniting  to  form  the  septum.  The  trabeculaB  are  well  developed. 
There  are  48  cost®,  as  a  rule,  and  others  which  are  on  the  coUines 
besides,  to  each  ordinary  calice.     Breadth  of  calico  j^-A  inch. 

Loe,  Haldon  Oreensand.  In  the  collection  of  W.  Yicary,  Esq., 
F.GJ8.,  Exeter. 

Subfamily  Tubbikabik^,  Edw.  &  H. 

ACTOrACIB  STBLLUIATA,  Sp.  UOV.      (PL  VIII.  fig.  7.) 

The  oorallum  is  incrusting  and  moderately  thick.  The  ccenen- 
chyma  is  well  developed,  and  separates  the  calices,  which  are 
circular  in  outline,  shallow,  and  not  well  defined  on  account  of  the 
continuation  of  the  septo-oostal  system  into  neighbouring  calices. 
The  columella  is  small,  but  distinct.  The  pali  connect  twelve  septa 
with  the  columella,  and  are  subequal.  There  are  two  cycles  of 
septa,  and  the  laminse,  as  well  as  the  costal  prolongations,  are  tra- 
becular, and  there  are  stout,  low,  long,  broad  and  rounded  spines  on 
their  free  upper  surface.  The  intercaJicular  space  is  covered  with 
eostffi ;  thin  ornamented  and  intercostal  spaces.  The  breadth  of  two 
calices  and  an  interspace  is  -j^  of  an  inch. 

Loc,  Haldon  Greensand.  In  the  collection  of  W,  Yioary,  Esq., 
F.G.S.,  Exeter. 

AcTiNACiB  nrsiONis,  sp.  nov.    (PI.  VIII.  fig.  8.) 

The  corallum  is  flat,  low,  and  incrusting.  The  septa,  from  12-18 
in  number,  unite  by  tiieir  pali  in  an  axial  ring.  The  cost^D,  more 
numerous  than  the  septa,  are  crowded,  and  are  joined  by  synapti- 
culse.  The  septa  are  minutely  trabecular.  Breadth  of  calice  about 
^  indi. 

hoc.  Haldon  Greensand.  In  the  collection  of  W.  Yicary,  Esq., 
E.G.S.,  Exeter. 

Section  Simplices. 

Tbochossbis  coirsTBicrA,  sp.  nov.    (PI.  VIII.  figs.  11  <&  12.) 

The  corallum  is  straight  and  constricted  between  the  broad  base 
and  the  equally  broad  and  widely  open  shallow  calice.  The  costra 
are  small,  very  numerous,  dose,  slightly  unequal,  largely  granulate, 
and  projecting  outwards  at  the  margin,  where  they  are  largest. 
The  septa  are  numerous  (120),  close,  arched,  long ;  the  higher  orders 
unite  with  the  next,  and  these  with  the  tertiary,  forming  groups. 
The  primary  septa  are  separate,  and  many  septa  dip  into  the  shallow 
axial  space.  The  synapticulas  are  rare ;  the  columella  is  very  small 
and  papillary.  The  length  of  the  corallum  is  i^,  and  the  breadth 
^^  inch. 

hoc.  Haldon  Greensand.  In  the  collection  of  W.  Yicary,  Esq., 
F.G.S.,  Exeter. 
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Tbocho8£Ris  Morrisi,  sp.  nov.     (PI.  VIII.  figs.  13-15.) 

The  corallum  is  conical  and  short ;  the  broad,  circular,  "widely 
open,  shallow  calice  is  much  broader  than  the  length  of  the  whole. 
The  septa  are  numerous,  close,  granular  laterally  and  superficially, 
and  unite  in  groups ;  the  largest  reach  the  axial  space  and  correspond 
externally  with  costse.  The  smaller  septa  occasionally  fuse  into  the 
sides  of  the  larger,  besides  simply  joining  them.  The  axial  space  is 
long  and  deep,  the  columella  is  minutely  papillary  and  small,  and 
the  synapticulae  are  scarce  but  distinct.  Length  of  corallum  ^  inch ; 
breadth  of  calice  A-  inch. 

Loc.  Haldon.    In  the  collection  of  W.  Vicary,  Esq.,  F.G.S.,  Exeter. 

ALCYONARIA  TABULATA. 
Hkliopora  ojbrvlea,  Grimm.     (PI.  VIII.  figs.  16-18.) 

The  corallum  is  massive  and  in  thick  laminae,  which  are  either 
flat  or  gibbous  on  the  surface. 

Coenenchyma  largely  developed,  and  intertubular  projections  very 
small.  Larger  tubes  wide  apart,  irregular,  circular  in  outline,  and 
with  from  12  to  18  very  shghtly  projecting  septa.  Tabul®  bent 
downwards. 

There  b  a  small  variety  of  the  species  with  a  rounded  surface  and 
smaller  tubes. 

Loe.  Haldon  Greensand.  In  the  collection  of  W.  Vicary,  Esq., 
F.G.8.,  Exeter. 

Remarks  on  the  Species, 

The  Trochosmilian  belongs  to  a  group  which  may  be  said  to  be 
eharacteristic  of  the  Hippurite  Chalk  and  Craie  tuffeau. 

Baryhelxa  is  a  remarkable  genus  of  the  OcuHnidae  without  colu- 
mella, pali,  and  costse.  Its  species  hitherto  described  have  great 
calices,  and  they  have  been  found  in  the  Craie  tuffeau.  The  new 
form  has  only  generic  alliances  with  them. 

HoUdonia  is  a  new  genus,  and  may  be  said  to  be  a  Cyaihophora 
with  pali ;  but  the  costee  are  not  continuous.  The  species  is  a  very 
beautiful  form,  and  conforms  to  the  type  of  the  age. 

SteUoria  is  a  genus  restricted  to  the  Craie  tuffeau  of  Le  Mans, 
Be  d*Aix,  Gosau,  and  Piesting,  in  Europe ;  but  it  is  closely  allied 
to  the  Ccdoriee  of  the  Red  Sea  and  Pacific  and  of  the  West-Indian 
Miocene.  A  SteUoria,  not  without  its  affinities  to  the  Haldon  form, 
is  described  by  Stoliczka  from  the  Turonian  of  South  India.  The 
new  species  is  very  common  ;  and  although  its  specimens  do  not  grow 
into  very  large  forms,  yet  the  presence  of  small  forms  is  very  signi- 
ficant so  far  as  external  conditions  are  concerned. 

The  species  of  Thamnastrcea  are  stunted  forms ;  they  incrust  other 
substances ;  and  one  of  them  has  the  peculiarity  (which  is  common  to 
several  Haldon  species  of  different  genera)  of  having  more  cost® 
than  septa  from  the  latter  branching. 

The  species  of  Acttnacis  are  very  interesting ;  they  are  perforate 
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corals  allied  to  the  Torbinarians  of  the  Bed  Sea  and  Pacific,  through 
Asirceopora  of  the  European  Eocene  deposits.  All  the  hitherto 
known  species  here  come  from  the  Cretaceous  series  at  Gosau  and 
Figuidree,  which  are  the  geological  equivalents  of  Haldon  ;  but  the 
new  species  differ  from  the  others,  and  have  the  granules  or  spinules 
between  the  calices,  and  which  are  in  the  position  of  co8t«D,  in  greater 
number  than  the  septa. 

Oroseris  has  hitherto  been  known  as  a  genus  of  Jurassic  age,  and 
of  the  Oligocene  or  Eocene  and  Miocene.  D'Orbigny  has  described 
a  doubtful  species  from  the  Neocomian,  and  that  now  presented 
dearly  filb  up  a  part  of  the  gap  in  the  continuity  of  descent  The 
genus  is  extinct.    The  costse  are  double  the  septa  in  number. 

The  species  of  the  genus  Trochoaeris  have  a  great  range  in  time 
and  space.  The  first  which  appeared  was  in  the  Hippurite  Chalk 
and  came  from  Gosau ;  the  type  was  continued  into  the  Eocene,  and 
a  recent  species  lives  amongst  the  Philippines.  The  new  species 
are  thoroughly  distinct  from  the  others. 

ffeliopora,  formerly  a  tabulate  Madreporarian  genus,  has  now, 
under  the  admirable  study  of  Moseley,  been  placed  amongst  the 
Alcyonaria.  Its  only  living  species  is  the  blue  Hetiopora  of  the  Pacific 
reefs,  which  is,  usually,  in  the  shape  of  lobed  tufts  or  digitate  fronds. 
Moseley  has  shown  that  its  septa  are  very  short  and  vary  from  12 
to  16.  Several  fossil  Tabulata  closely  resembling  Heliopara  ecBrulea^ 
Grimm,  sp.,  have  been  described ;  and  it  is  certainly  curious  that 
some  nine  of  them  should  have  come  from  the  horizon  of  Gosau 
and  XJchauz  in  the  Hippurite  Chalk.  Others  are  supra-cretaceous, 
some  being  found  in  the  Eocene.  Beuss,  apparently  believing  that  a 
modem  genus  could  not  have  been  represented  in  the  age  of  Hip^ 
purites^  called  one  Polytremaeis,  and  established  several  species ;  but 
MM.  Milne-Edwards  and  Jules  Haime  restored  some  of  the  forms  to 
Heliopora.  The  distinction  was,  that  either  the  septa  were  24  in 
number,  or  that  there  were  traces  of  costae,  or  that  the  septa  were 
long-  or  short-pointed.  These  are  not  generic  distinctions.  Poly-* 
tremacU  is  really  Heliopora^  although  its  species  lived  in  the  Turonian 
and  Eocene.  They  are  all  probably  descendants  of  ffdiolites  of  the 
Palaeozoic  age. 

The  Haldon  fossils  cannot  be  distinguished  from  the  incrusting  form 
of  recent  Heliopora  cctruUa^  and  the  shape  of  the  corallum  and  some 
minor  differences  are  the  only  distinctions  between  it  and  the  type 
of  MM.  Milne-Edwards  and  Jules  Haime.  An  incrusting  form  is 
in  the  British  Museum.    The  colour  of  the  fossil  is  rusty  red. 

Remarks  on  tlu  Fauna  as  a  whole. 

The  coral  fauna  of  Haldon  appears  to  be  the  northern  expression 
of  that  of  the  French  and  Centnd-European  deposits,  which  are  the 
equivalents  of  the  British  Upper  Greensand.  It  has  but  slight  affi- 
nity with  that  of  the  Cambridge  Greensand  area,  where  the  condi- 
tions do  not  appear  to  have  been  those  favourable  for  a  fringing  reef.. 
The  Haldon  deposit,  so  far  as  the  corals  are  concerned,  was  a  shallow- 
water  one,  and  the  zoophytes  grew  upon  the  rolled,  broken,  littoral 
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concrete  of  the  age.  Almost  all  the  species  were  incrusting ;  ancl 
yet  some  specimens  are  bulky,  and,  before  the  subsequent  siHoificci- 
tion,  doubUess  formed  considerable  masses  of  limestone. 

A  recent  coral  fauna  possessing  the  genera  whose  morphology  is 
closely  allied  to  those  of  Haldon  would  indubitably  be  regarded  a3 
a  tropical  fringing-reef  assemblage,  requiring  a  mean  surface  tem- 
perature of  at  least  74°  E.     The  condition  of  the  comminuted  shells 
and  the  presence  of  rolled  pebbles  amongst  the  supporting  rock  o£ 
the  corals  of  Haldon  testify  to  the  energetic  action  of  the  sea 
there.     Such  a  condition  would  be  favourable  to  the  growth  of 
the  compound  and  true  reef -builders  of  the  age.    The  fauna  is  a 
poor  representation  of  that  of  Gosau ;  but  the  facies  is  the  same.     Its 
alliances  with  distant  faunas  are  somewhat  remarkable.    Astroc(mii€i 
decaphyUa  is  very  common  in  all  the  Upper-Greensand  reefs,  and 
the  Southern-Indian  and  the  West-Indian  deposits  of  that  age  con- 
tain it.     Stelloria  is  also  represented  in  the  Southern -Indian  *  rocks 
by  a   closely   allied  species,  although  those  of  the   intermediate 
deposits  of  Gosau  are  only  generally  allied  with  the  Haldon  form. 
The  Isastrcea  I  described  some  years  since  from  Haldon  is  a  multi- 
septate  form  akin  to  some  £ropi  Gosau  and  to  IsastroM  expansa  of 
Stoliczka  from  Southern  India.    Finally  the  small  ThamnastrcecB  of 
the  distant  deposits  are  closely  allied  to  those  of  Haldon. 

Covered  eventually  by  the  chalk,  this  old  littoral  coral  tract  of  this 
island  must  have  smik  beneath  the  waves,  and  then  the  overcreep 
of  the  deep-sea  ooze  set  in.  But  a  deep  limestone  was  not  formed, 
and  probably  because  the  rate  of  subsidence  was  greater  than  the 
corresponding  rate  of  upward  coral-growth. 


DESCRIPTION  OP  PLATE  VHI. 

Fig.  1.  Baryhelia  reticulata^  sp.  noT.,  calioe  and  conienchjma,  magnified. 
2.  Haldonia  Vicaryi^  sp.  nov.,  (ilioes,  magnified. 
8.  The  same,  Tertical  section,  showing  septa  and  pali. 

4.  Stelloria  incruetans,  sp.  noT.,  part  of  surface,  nat.  size. 

5.  The  same,  magnified. 

6.  Thamnastraa  Rameayi,  sp.  nov.,  showing  septa  and  coUine,  calices, 

magnified. 

7.  Actinacia  stellulata^  sp.  nor.,  calices  and  interspace,  magnified. 

8.  Actinacis  ineignis^  sp.  nor.,  calices,  magnified. 

9.  Oroeeria  haldonensis,  sp.  noy.,  part  of  corallum,  nat.  size. 

10.  The  same,  calioes,  magnified. 

11.  Trochoseris  constricta,  sp.  nov.,  nat.  size. 

12.  The  same,  part  of  calioe  and  septa,  magnified. 

13.  Trochoseris  Morrisi,  sp.  noT.,  nat.  size. 

14.  The  same,  calioe,  magnified. 

15.  The  same,  synapticulo;,  magnified. 

16.  Heliopora  oprutcOy  upper  surface  of  corallum,  natural  size. 

17.  The  same,  a  calioe,  magnified. 

18.  The  same,  tabuks,  magnified. 

*  Ferd.  Stoliczka,  "  Cret.  Fauna  of  Southern  India,**  Pal.  Indioa,  ler.  4, 
vol.  ir.  pi.  viii.  figs^  4  &  5. 
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DlBCr8SI027. 

Eev.  J.  p.  Blakb  asked  whether  any  Upper  Greensand  species 
was  r^;arded  by  Prof.  Duncan  as  continuous;  and  whether  there 
were  not  oommunications  between  the  smaller  and  larger  zooid 
tubes  in  the  recent  Bdiopora, 

The  Chaibmak  said  that  the  age  of  the  Haldon  beds  had  to  be 
decided  very  much  by  the  coral  fauna,  as  there  were  few  greater 
stratigraphical  unconformities  in  the  British  Isles.  It  was  difficult, 
from  the  silicified  character  of  the  rock,  to  make  out  some  of  the 
characters  of  the  corals.  As  regards  the  molluscan  fauna,  these 
beds  have  about  equal  claims  to  be  called  Neocomian,  Gault,  and 
Upper  Greensand.  llie  evidence  of  the  corals,  therefore,  was  of 
great  value ;  they  seemed  to  show  a  deeper-sea  condition  than  did 
the  MoUusca.  Nothing  at  Lyme  Begis  or  along  the  south  coast 
paralleled  the  Haldon  deposits ;  they  appeared  to  be  on  a  higher 
horizon  than  the  Gault  beds  of  Black  Yen.  Hence  the  paper  was 
of  great  value  and  importance,  and  of  peculiar  interest,  for  the  cor- 
relation which  it  suggested  with  other  European  areas.  It  was  a 
worthy  addition  to  the  work  which  the  author  had  previously  done 
in  the  publications  of  the  Paheontographical  Society. 

Prof.  Dttscas  said  that  he  did  regard  the  species  as  continuous, 
and  gave  examples  of  continuous  species,  and  stated  that  the  struc- 
ture of  the  hard  parts  resembled  that  of  the  recent  specimens. 
8pecies  might  have  migrated  from  localities  which  became  unfavour- 
able to  those  which  were  more  favourable,  as  subsidence  and  up- 
heaval progressively  took  place  in  different  localities. 
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8.  Glacial  Pebiods.     By  J.  F.  Campbell,  Esq.,  F.G.8. 
(Head  June  20, 1877.) 

I.  Introductory. 

1.  I  first  saw  a  glacier  in  the  Alps  in  August  1841,  when  travel- 
ling  was  more  difficult  than  it  is  now.  The  term  **  Glacial  Period  " 
is  not  much  older,  and  now  is  commonly  used  as  if  it  were  a  proved 
historical  event.  Advanced  gladalists  speculate  on  £he  geological 
effects  of  an  "  Ice-cap  "  which  extended  from  the  North  Pole  to  th« 
Equator,  which  nearly  filled  the  hed  of  the  ocean,  which  surrounded 
Britain  with  a  wall  of  ice  and  a  freshwater  moat,  hlocked  up  the 
drainage  of  continents,  extinguished  life  on  earth,  or  left  only  a  few 
survivors  in  hollows  nearly  dried  up  by  the  evaporation  of  oceans 
needed  to  make  the  polar  snow-heaps  from  which  the  "  Ice-cape  " 
spread  over  the  earth  during  the  "  Glacial  Period.'*  Astronomical 
causes  (changes  in  the  sun,  in  the  paths  of  planets,  and  in  their  axes 
of  rotation)  have  been  summoned  to  account  for  the  climate  imagined* 
All  these  theories  rest  upon  some  observed  facts.  Since  more  faots 
have  been  collected,  the  majority  of  observers,  field-geologists,  and 
travellers  have  given  up  the  "  Ice-cap  f  but  many  geologists,  and  the 
public  in  general,  still  continue  to  use  the  term  '*  Glacial  Period  * 
without  limitation.  It  has  long  appeared  to  me  that  our  Sodetj 
ought  to  have  an  opinion  on  this  branch  of  superficial  geology.  In 
order  to  start  a  debate  on  the  subject,  I  venture  to  ofier  this  paper 
to  the  Society,  and  to  state  my  opinion.  My  opinion  is,  that  no  geo- 
logical record  exists  of  any  abnormal  "  Glacial  Period  "  colder  Stan 
the  present  world's  climate.  But  if  the  term  "  Olacial  Period  **  he 
used  with  a  limitation  such  as  "  local,*'  or  "  Alpine,"  or  "  European,*' 
J  have  nothing  to  object. 

2.  1  will  shortly  state  how  that  opinion  was  formed,  so  that  the 
worth  of  it  may  be  estimated  by  those  who  difier  from  it  3.  Since 
1836  I  have  travelled  a  long  way,  and  I  have  sketched  a  great  deal, 
striving  to  copy  on  paper  landscapes  which  were  pictured  in  my  eyes 
BO  as  to  aid  memory  of  form.  Ever  since  I  first  saw  glaciers  and 
their  marks,  I  have  studied  glaciation  wherever  I  have  been.  4.  In 
1865  the  results  of  observations  made  in  Europe,  in  Iceland,  and  in 
America  were  published  in  *  Frost  and  Fire,'  vol.  ii.  6.  In  the 
same  year  observations  made  on  the  coasts  of  Labrador  and  New- 
foundland, in  Canada,  and  in  the  United  States  were  published  in 
'  A  short  American  Tramp,'  1  vol.  6.  In  May  1873  a  paper  pub- 
lished in  the  *  Quarterly  Journal  of  the  Geological  Society  of  London,' 
on  the  Glaciation  of  Ireland,  stated  facts,  opinions  based  on  them, 
and  problems.  I  had  hunted  ice-marks  from  Cape  Clear  to  Edin- 
burgh. 7.  In  November  1873  a  paper  in  the  same  Journal,  on  the 
Glacial  Phenomena  of  the  Hebrides,  stated  facts  recently  gathered, 
and  difficulties  in  accounting  for  them.  8.  In  November  1874  a  third 
paper  in  the  same  Journal, "  About  Polar  Glaciation,"  gave  the  iMults 
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of  a  jonmey  round  the  Nortii  Cape,  through  Archangel  and  Astra- 
khan and  the  Caucasus,  and  round  the  south  of  Europe.  In  1 873  I 
followed  the  tracks  of  polar  ice  from  the  Arctic  basin  southwards  till 

1  lost  the  track  in  Russia.  9.  In  March  1876,  a  paper  about  the 
Period  of  Polar  Glaciation  was  published  in  my  ^  Circular  Notes,' 

2  Tok.  It  stated  an  opinion  founded  upon  much  study  and  obser- 
ration  during  thirty-five  years  after  seeking  for  marks  of  polar 
^aoiation  round  the  world.  In  July  1874  I  set  out  with  this  pro- 
position, ^  If  an  lee^eap  ever  existed^  marks  of  it  ought  to  he  found  on 
aU  meridians ;"  upon  facts  observed  in  a  year  I  founded  an  opinion 
in  July  1875  and  published  it.  10.  In  July  1876,  a  paper  about 
firths,  dales,  lakes,  and  canons  was  published  in  *  Nature.'  11.  In 
September  1876  wishing  to  test  these,  my  opinions,  in  the  Hima- 
layas, I  started  for  India.  After  hunting  over  a  country  selected 
by  myself  wi^  the  counsel  of  Mr.  H.  B.  Medlicott,  in  charge  of  the 
Indian  Geological  Survey,  I  wrote  letters  which  were  published  by 
th6  Asiatic  Society  of  Bengal.  12.  The  following  paper  contains 
opinions  based  chiefly  on  my  own  observations  and  facts,  and  on 
studies  since  I  left  school,  after  spending  nearly  six  months  in  India 
and  some  wedcs  in  Lombardy,  and  after  crossing  about  180^  of  lon- 
gitude on  the  journey  out  and  home.  13.  For  some  of  the  observed 
facts  on  which  my  opinion  is  based,  I  b^  to  refer  to  the  publications 
above  mentioned  and  to  this  paper.  I  have  a  great  many  rubbings 
taken  fi:t>m  glaciated  rock-surfaces  to  show  the  directions  in  which 
ice  moved,  and  many  other  records  of  observations  on  a  collection  of 
maps,  in  manuscript  journals,  and  stored  otherwise.  I  write  this  to 
give  grotmds  for  statmg  the  opinion  of  an  amateur  upon  a  large  geo« 
logical  question,  which  must  be  answered  by  facts. 

n.  Introductory. 

14.  I  may  say  in  a  few  words  what  my  facts  seem  to  teach.  I 
have  learned  to  think  of  this  world  as  a  very  little  place.  It  is  re- 
presented in  the  Museum  of  Practical  Geology  by  a  grain  of  small 
shot  distant  some  yards  from  a  12-inch  shell,  with  grains  of  snipe- 
dust  and  larger  numbers  to  represent  moons,  planets,  and  a  solar 
system  on  a  comprehensible  scale  of  distance  and  size.  I  have 
crossed  the  Arctic  circle  fourteen  times,  the  tropic  of  Cancer  four 
times,  the  equator  twice,  360°  of  longitude  in  travelling  round 
the  world,  and  in  1876-77  a  quarter  of  a  circle  of  longitude  thrice. 
I  have  shaken  off  childish  ideas  of  vastness  and  unattainable  dis- 
tances which  hamper  geological  thought.  I  have  learned  to  think 
of  dimensions  to  scale ;  of  geography  as  it  is  taught  on  a  school  globe, 
not  as  distorted  in  Mercator's  '  Projection ;'  of  the  world  as  a 
heated  ball  moving  in  space,  which  space,  according  to  astronomers, 
is  cold  enough  to  keep  water  solid,  but  a  ball  so  warmed  from 
without  by  the  sun's  rays  as  to  keep  water  generally  between 
90^  and  freezing,  between  evaporation,  condensation,  and  solidity, 
as  steam,  vapour,  water,  and  ice.  The  materials  of  which  the  world 
is  made  are  governed  by  laws  which  apply  to  them  in  all  quantities, 
small  and  great.    Gases^  vapours,  and  fluids  vary  in  weight  and 
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density  according  to  temperature,  and  they  are  kept  in  motion  out- 
side of  the  world's  solid  surface  chiefly  by  the  sun's  rays.     That 
power  works  the  engine  which  carves  the  world's  surface.    Most 
solids  float  in  their  fluids ;  ice  floats  in  water ;  cooled  lava  float«  in 
melted  lava.    The  world  is  hot  enough  within  to  vaporize  water, 
and  to  fuse  the  solids  of  which  the  outer  crust  is  made.    Steam 
escapes  from  hot  springs,  and  lava  wells  up  through  rents  in  all 
known  latitudes.     I  believe  now  that  the  world  was  fluid,  like 
a  grain  of  shot ;  that  it  cooled  flrst  outside  as  shot  cools,  and  that 
it  is  still  cooling  in  cold  space  and  shrinking  as  it  cools,  so  that  the 
skin  of  it  wrinkles.     I  hold  that  folded  strata  result  from  t^e  lateral 
crushing  of  a  heavy  outer  crust  which  surrounds  a  shrinking  hot 
interior,  and  that  earthquakes  and  changes  of  level  and  volcanic  out- 
bursts also  result  from  the  cooling  of  the  world  in  cold  space  and 
from  consequent  shrinkage.    That  is  induction  and  a  question  for 
argument.    It  is  a  question  of  fact  to  be  solved  by  observation  of 
facts,  whether  there  is  or  is  not  upon  the  surface  a  record  of  any 
"  period,"  or  "  periods,"  during  which  the  world's  outer  solid  or  fluid 
surface  was  hotter  or  colder  than  it  is  now,  and  whether  the  quan- 
tities of  vapour,  water,  and  ice  were  respectively  greater  or  less. 
That  is  a  question  of  geological  periods  which  can  be  settled  by 
gathering  facts  in  superficial  and  in  deeper  geology ;  and  this  paper 
is  intended  to  treat  *'  Glacial  Periods  "  as  doubtfid  matters  of  fact 
in  the  science.     15.  Fresh  and  worn  surfaces  are  as  characteristic  as 
any  other  form.    Botanists,  conchologists,  anatomists,  mineralogists, 
and  geologists  try  to  distinguish  plants,  shells,  bones,  crystals,  and 
beds  of  rook  by  their  shape  ai  sight.    All  my  life  I  have  been  striving 
to  learn  to  recognize  fresh,  fused,  (yr  fractured  surfaces,  and  surfaces 
worn  by  water,  by  ice,  or  otherwise,  so  as  to  distinguish  them  at 
sight.    At  flrst  mountains  seemed  only  bigger  hills,  and  so  they 
appear  to  many  observers  ;  but  in  fact  Etna  differs  from  the  Alps 
as  much  as  a  growing  pabn-tree  differs  from  a  lot  of  bent,  cross- 
grained,  gnarled,  worn,  warped,  tarred  oak-planks  in  the  bottom  of 
an  old,  broken,  klinker-buUt  boat,  keel  upwards  on  a  sand  bank  in  a 
snowstorm.    To  my  eye  now  Etna  is  a  volcano  at  sight.    Stones  dilr 
ferently  worn  are  as  characteristic  as  fossil  shells  are  to  a  palaeonto- 
logist.   After  learning  my  lesson  for  forty  years,  I  think  that  I  am 
now  able  to  distinguish  a  volcanic  from  a  glaciated  country  at  sights 
and  to  be  pretty  nearly  sure  of  a  surface  which  retains  marks  of  frac- 
ture or  fusion,  or  of  erosion  by  water,  or  by  ice,  when  I  can  examine 
it  closely. 

16.  Eivers  flow  from  their  condensing  sources.  Ice- action  begins 
at  colder  spots.  Shasta  bute,  in  California,  is  a  recent  volcanic  cone 
like  Etna,  with  a  small  glacier  near  the  top.  Ice-action  began 
there  when  the  hot  cone  had  grown  high  enough  and  cooled  enough 
to  condense  enough  of  snow.  Etna  has  not  yet  reached  that  cooling 
stage,  though  it  condenses  snow  in  abundance.  Sneefell,  in  Iceland^ 
is  coated  with  ice.  Bound  Shasta  and  Snsefell  the  distance  to  which 
ice  has  reached  is  shown  by  worn  surfaces,  and  the  fact  can  be  as- 
certained by  walking  round  the  volcanic  cones.    The  Alps  became  a 
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razLge  of  mountains  by  the  cnimpling-np  of  sedimentsiiy  beds.  By 
seeking  for  worn  glaciated  surfSaces,  and  for  angular  sad  scratched 
stonee,  transported  by  ice,  it  has  been  ascertained  with  tolerable 
certainty  how  far  ice  travelled  from  the  Alpine  snowshed  -after 
the  Alps  had  grown  high  enough  to  condense  enough  of  snowto  isake 
glaciers.  It  took  many  able  men  many  long  years  to  map. these 
glacial  records  of  one  European  chain  of  hills.  As  with  volcanic 
cones  and  mountain-chains,  so  it  is  with  the  globe.  The  record  o^n 
be  read  by  going  round  ^e  point  from  which  the  radiating  polar  ice 
now  floats  toward  the  equator  to  known  limits.  By  seeMng  gla- 
ciated rock-surfaces  and  glaciated  stones  aU  round  the  world,  it  may 
be  ascertained  how  far  polar  ice  has  reached.  But  it  will  take  more 
men  and  a  longer  time  to  map  even  this  branch  of  superficial  geo- 
logy.   I  have  tried  to  do  as  much  as  I  could  systematically. 

17.  Before  going  to  India  in  September  1876, 1  had  seen  for  myself 
that  the  shape  of  a  glaciated  country  di£Eers  conspicuously  from  the 
shape  of  a  country  where  fluid  water,  falling,  flowing,  or  stagnant, 
in  showers,  streams,  lakes,  or  in  the  sea,  has  been  the  chief  wearing 
engine.  Where  **  lakes  "  and  "  firths  "  are  conspicuous  geographi- 
cal features,  I  have  always  seen  rounded  tops  and  wide  hollows  of 
curved  section,  /^  n^.  Curved  outlines  are  conspicuous  features  in 
every  landscape  in  Scandinavia,  in  Scotland,  in  Finland,  in  the  Alps, 
and  in  parts  of  North  America.  On  the  map  and  at  siyht  these  are 
glaciated  countries.  On  closer  examination  I  have  found  glaciated 
rock-snrfaoes  and  scratched  stonea,  and  all  marks  chaxacteristic  of 
glacial  erosion.  Where  I  could  find  few  marks  of  glacial  action,  or 
none  at  all,  after  careful  search,  as  in  California  and  in  Japan, 
Ceylon,  and  Java,  and  on  recent  volcanic  cones,  straight  lines  and 
an^es  are  marked  features  in  every  landscape  ( V  A  ),  and  there 
lakes  and  firths  are  exceedingly  rare.  Maps  by  form  suggest  a 
IHx>bability ;  the  first  sight  of  a  country  increases  that  probability ; 
a  careful  search  on  a  few  chosen  spots  is  enough  to  groimd  an  opinion 
as  to  the  fact  of  '*  glacial  action  "  or  *'  pluvial  erosion  "  in  a  given 
region.  The  lesson  Learned  in  travelling  with  a  purpose  was  an 
alphabet  of  ^'  form  "  by  which  to  read  a  record  of  the  action  of  various 
engines  which  have  covered  the  world's  surface.  All  sedimentary 
geology  is  based  upon  the  erosion  of  that  surface.  That  was  my 
lesson.  Having  learned  it,  I  wanted  to  read  the  record  carved  on 
the  Himalayas,  to  see  India,  and  to  test  my  own  opinions  about 
glacial  periods  there.  So  I  took  stock  of  knowledge  previously 
gathered,  and  started. 

18.  As  appears  in  the  papers  referred  to  for  facts,  I  had  gradually 
advanced  from  Swiss  glaciers  and  their  old  marks  to  '^  Polar  Gla- 
ciAnoH,"  which  does,  in  fact,  extend  from  the  North  Cape  of  Europe 
down  to  Cape  Clear,  from  Archangel  down  to  Nijni  Novgorod,  and 
down  to  the  neighbourhood  of  St.  Louis  on  the  Mississippi,  in  America. 
Having  ascertained  the  fact  of  "  Polar  Glaciation,"  I  had  to  consider 
the  possibility  of  continental  ice-sheets  and  of  polar  ice-caps.  Ac- 
cording to  theories  still  supported  by  many  able  geologists,  solid 
glaciers  have  covered  continents ;  solid  ice  has  extended  from  the 
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poles,  nearly ^'if  not  quite,  to  the  equator,  on  all  meridians,  like  the 
shell  of  &n*  egg,  during  sucoeesiYe  ^^  gladal  periods."  I  found  that  I 
had,  in  f  sect,  to  account  for  some  marks  of  polar  gladation  extend- 
ing 53?,  from  the  pole  in  one  direction.  Afber  going  round  Europe 
in  1973,  and  afterwards  round  the  world  in  1874-75,  seeking  marks 
of  *poldr  ice  everywhere,  it  seemed  to  me  that  records  of  northern 
polar  glaciation  are  chiefly  marine  and  confined  to  the  Atli^ntio 
bqsin.  But  I  had  seen  cause  to  alter  opinion  so  often  that  I  wished 
to  test  this  conclusion  in  India.  By  climbing  mountains,  and  by 
looking  up  to  inaccessible  peaks,  1  had  realized  the  fact  that  an  at- 
mospheric glacial  climate  does,  in  fact,  surround  the  earth,  like  the 
shell  of  an  egg,  and  may  touch  it  in  any  latitude.  By  sailing  about 
the  ocean  1  realized  that  one  cold  local  marine  polar  climate  reaches 
lat.  37"^  at  the  surface ;  and  I  had  learned  that  cold  frosty  climates 
underlie  tropical  heat  in  the  depths  of  the  sea,  because  cold  water 
is  heavier  than  hot  water,  till  near  the  freezing-point*.  Cold  on 
the  world's  surface  on  which  we  live  and  travel  is  distributed  accord- 
ing to  latitude.  But  cold  is  also  distributed  according  to  altitude 
in  the  air  and  to  depth  in  the  sea ;  and  it  is  distributed  locally  at 
the  sea-level  by  the  circulation  of  air  and  sea.  Dove's  isotherms 
do  not  coincide  with  circles  of  latitude.  It  seemed  to  me  that  old 
local  cold  climates,  like  those  which  now  exist  in  low  latitudes, 
suffice  to  account  for  all  the  records  of  glaciation  that  I  had  read 
before  going  to  read  Indian  records.  The  proved  bending  of  the 
earth's  crust  explains  the  transfer  of  a  cold  condensing  area  from 
one  spot  on  the  world  to  another ;  for  the  crust  may  have  touched 
the  shells  of  cold  which  are  above  the  normal  sea-level  in  the  air, 
and  below  it  in  the  deep  sea,  by  bending  upwards  or  downwards. 
By  bending,  the  solid  crust  must  have  repeatedly  changed  the  course 
of  circulation  in  air  and  sea  so  as  to  change  the  climate  at  different 
places  in  the  same  latitude,  at  least  as  much  as  any  difference  that 
now  exists. 

19.  Any  abnormal  local  cold  climate  suffices  to  account  for  any 
old  record  of  equal  cold  in  a  like  latitude  after  it  has  been  proved 
that  the  distance  between  the  earth's  centre  and  outer  solid  shell 
has  varied  locally.  That  is  proved  by  marine  fossils.  Existing 
local  cold  climate  about  the  South  Pole  may  account  for  local  records 
of  cold  in  like  latitudes  in  the  northern  hemisphere,  because  it  has 
been  proved  by  fossils  that  the  relative  position  of  sea  and  land  has 
frequently  changed.  For  example,  about  lat.  65®  8.  sea-coasts  which 
now  are  scarcely  accessible  because  of  heavy  ice  may  account  for 
great  mounds  of  washed  glacial  drift  which  I  have  seen  about  lat.  65'^ 
N.  in  Finland  and  in  Northern  Russia,  where  also  recent  sea-shells 
prove  a  recent  rise  in  land  which  now  is  part  of  Northern  Europe 
and  was  part  of  a  sea-bottom.  Terraced  countries  (like  Northern 
Europe,  and  like  hills  on  the  Western  Caspian  shore  along  the  base 
of  the  Caucasus),  recent  shells,  and  other  marks  indicate  a  general 
submergence  of  the  plains  of  Europe.    I  think  that  submei^nce  is 

*  Details  are  giyen  in  a  paper  by  Mr.  Prestwich,  which  trarelled  with  me  to 
India. 
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sidRoieiit  to  aoootiiit  for  the  colder  Alpine  and  Scandinavian  dimate 
whieh  IB  recorded  in  Eorope,  and  which  now  belongs  to  tho  Arctic 
current  of  the  Atlantic  and  to  countries  near  it — ^to  Greenland,  to 
Labrador,  to  Newfoundland,  and  to  the  coasts  of  North  America. 

About  lat.  45^  8.,  glaciers  in  New  Zealand,  considered  with 
shells  found  under  moraines  in  Northern  Italy,  and  with  the  effect 
produced  on  climate  by  the  Arctic,  current  of  the  Atlantic,  may 
account  for  marks  of  glaciers  found  near  Cannes  in  the  South  of 
Pranoe  by  Mr.  Moggridge  and  for  the  large  old  glaciers  of  Northern 
Italy. 

About  lat.  40°  N.  small  Caucasian  glaciers  account  for  marks  of 
glaciers  found  in  America,  or  for  any  which  may  be  found  in  Asia 
or  elsewhere  about  the  same  latitude. 

About  lat.  37^  N.  ice  now  drifting  in  the  Atlantic  may  account 
for  tiie  transport  of  northern  drift  southward,  oyer  plains,  to  8t  Louis 
in  America,  or  into  the  plains  of  Africa.  If  these  African  plains 
where  recent  shells  are  found,  when  last  submerged,  were  in  the 
course  of  a  cold  polar  current  which  passed  near  hills  on  which  gla- 
ciers grew,  and  were  within  reach  of  drifting  ice,  then  any  record 
of  oold  is  explained  by  a  local  marine  cold  climate  near  the  same 
latitude  in  the  southern  hemisphere. 

About  lat.  30^  8.  enormous  masses  of  drifting  ioe  now  are  distri- 
buting southern  drift  of  glacial  origin  in  some  parts  of  the  southern 
hemisphere  which  are  now  submerged,  and  which  are  in  the  course 
of  cold  drift.  In  other  submerged  southern  regions,  about  lat.  36^  8., 
no  icebergs  hare  been  found.  Modem  marine  drift  is  local  north 
and  south  of  the  equator.  That  modem  local  marine  southern  drift 
in  lat.  36^  8.  may  account  for  old  local  northern  drift  from  the  pole 
to  lat.  36^  N.,  if  it  appears  otherwise  that  the  northern  region  was 
sunk  during  its  cold  period,  as  the  southern  region  now  is.  It  does 
80  appear  in  many  parts  of  the  northern  world,  notably  in  Europe. 
Reoent  sea-shells  and  old  northern  drift,  present  submergence,  and 
local  cold  climate  coincide  in  latitude  down  to  lat.  36^  N. 

Prom  about  37^  N.  to  2T  N.  glaciers  abound  in  the  Himalayas. 
Many  of  them  are  on  or  near  rocks  which  were  formed  at  the  bottom 
of  a  sea  where  Ammonites  and  other  sea-creatares  died.  The  cmst, 
in  folding,  probably  sank  as  much  as  it  rose.  An3rwhere  within  27^ 
of  the  equator  an  old  record  of  cold  may  be  explained  by  the  glaciers 
of  India  and  by  existing  local  cold  climates  elsewhere  in  the  world 
north  or  south  between  27°  and  90*^.  That  was,  and  now  is,  my 
theory  based  upon  observed  facts. 

Within  8°  of  the  line  Livingstone  found  marks  near  Lake  Tan- 
ganyika, in  Anthem  Africa,  which  he  attributed  to  African  glaciers. 
Mr,  Belt*  found  marks  in  Nicaragua  which  he  also  attributed  to 
glacial  action.  I  have  seen  marks  in  Ceylon  which  are  like  glacial 
marks.  Agassiz  found  marks  of  a  glacier  which  filled  the  valley 
of  the  Amazon,  upon  which  marks  he  built  his  famous  theory  of 

*  Thii  very  able  obserrer  was  lost  to  science  in  1878 ;  I  baTe  to  regret  a 
friend  and  an  adrersary  in  glacial  arguments,  who  was  always  fair  and 
bonesL 
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ice-caps.  Wishing  to  judge  for  myself,  I  found  no  glacial  record  iu 
Ceylon.  I  have  not  heen  to  Nicaragua,  or  to  the  Amazon,  or  to 
Central  Africa.  But  given  a  region  of  great  condensation  and  suffi- 
cient altitude  within  the  influence  of  a  cOld  stream  of  air  or  of  water 
in  any  latitude,  then  that  which  is  a  fact  in  Nepal  may  explain  any 
local  record  of  glaciation  near  the  same  latitude,  in  Africa,  or  in 
Nicaragua,  or  in  South  America,  or  anywhere  near  the  line.  In 
fact,  Kilimandjaro  and  Mount  Kenia,  close  to  the  equator  in  Africa, 
are  capped  with  snow.  One  is  an  active  volcano  liable  to  grow 
higher  or  sink  lower  during  eruptions.  So  glaciers  may  have  existed 
there  at  the  equator.     It  b  a  question  of  fact. 

As  sea- water  under  the  line  now  is  colder  than  32^  F.  at  the  sear 
bottom,  land  under  the  line  now  raised,  which  was  at  the  bottom  of 
the  sea,  may  bear  record  of  a  oold  submarine  climate  without  tra- 
velling out  of  the  world's  geological  records  into  astronomy.  But  I 
needed  more  facts  and  more  records,  so  I  went  to  India  to  seek  them. 
It  seemed  to  me,  in  September  1876,  that  oold  local  climates  which 
resulted  of  old  from  changes  like  those  which  have  cert^ainly  oc- 
curred suffice  to  explain  the  ice-record  which  I  have  learned  to  read 
and  have  tried  to  translate.  Drifting  ice  now  floats  towards  the 
equator  as  far  as  any  "  erratic  "  that  I  had  seen ;  glaciers  now  exist 
nearer  to  the  equator  than  any  old  glacier-mark  that  I  had  been 
able  to  find  for  myself  before  I  set  out 

20.  That  was  the  state  of  my  facts,  and  my  theory  based  upon 
them,  a  theory  which  I  was  prepared  to  abandon  and  wished  to  test 
On  these  facts,  and  on  this  method  of  reasoning  from  my  facts,  I  had 
framed  these  propositions : — 

(a)  "JTf  the  *'  icecap  **  ever  came  down  f^*om  the  north  poU  to  the 
equator,  it  must  have  come  down  from  Central  Asia  upon  India  J^ 

(b)  "jy  a  late  glacial  period  has  in  fact  left  a  record  in  Europe 
and  America  and  in  Asia,  it  ought  to  he  legible  in  India,  Glacier- 
marks  ought  to  found  on  the  hills  far  beyond  the  present  limits  of 
glaciers.  Erratics  carried  on  ice^afts  afloat  on  rivers  or  lakes^  or  in 
the  sea,  ought  to  be.  found  south  of  lat,  37*^  in  plains,^ 

(c)  '^ If  the  glaaal  period  was  general  and  recent,  existing  glaciers 
must  have  been  larger  everywhere,  in  something  like  the  same  proportion, 
in  the  Alps,  in  Northern  India,  and  elsewhere  in  the  northern  hemi- 
sphere,^^ 

To  see  for  myself  whether  I  could  or  could  not  discover  a  glacial 
record  to  confute  or  confirm  my  own  opinion,  I  intended  to  be  one 
of  my  studies  when  I  started  for  India  in  September  1876.  I  wished, 
above  all,  to  see  the  country  about  the  sources  of  the  chief  rivers, 
Siccim,  and  the  highest  mountains  in  the  world. 

The  following  are  the  results  obtained  in  India  in  1875-76,  and 
opinions  based  on  observations  made  since  1840,  along  the  routes 
which  I  have  marked  roughly  on  a  globe.  The  vdue  of  this  opinion 
must  be  judged  by  the  Society  to  which  I  have  the  honour  to  belong, 
if  they  are  pleased  to  accept  this  paper. 
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Summary. 

The  general  result  of  sections  III.,  IV.,  V.  is  that  Indian  glaciers 
are  near  about  as  large  as  they  have  been  since  the  deposition  of 
the  crumpled  Tertiary  beds  which  are  called  "  Nahuns  "  and  "  Shi- 
Taliks."  "  The  glacial  period  "  is  dated  "  Postpliocene."  The 
Indian  ground  traversed  extends  from  Ceylon  to  Kangra,  near 
lat.  32°  N.,  and  includes  Lower  Himalayan  slopes  between  the  river 
Eavee,  lat.  32°  N.,  and  Darjeeling  in  lat.  2T  28'  near  long.  90°  E. 

The  result  of  section  V.  is  the  same  for  the  Caucasus,  about  40°  N., 
and  for  the  Rocky  Mountains,  about  lat.  36°  to  37^  About  lat.  45°- 
46°  in  Northern  Italy  glaciers  certainly  were  a  great  deal  larger  in 
Postpliocene  times.  There  is  reason  to  believe  that  glaciers  existed 
as  far  south  as  Calabria,  near  lat.  30°,  in  "  Miocene  "  times  ;  that 
is,  about  the  latitude  of  Simla  and  Hirdwar,  The  general  conclu- 
sion is  in  section  VI.,  and  the  result  of  the  whole  paper  is  in  the 
first  paragraph  and  in  the  last.  The  facts  are  in  sections  III.  to 
VI. ;  and  to  them  I  beg  to  refer  readers  who  wish  to  test  my  con- 
clusions. 

III.  India. 

21.  5°  to  18°  N.  lat.  I  will  give  my  observations  in  geographical 
order,  working  northwards  from  the  torrid  zone  to  ice,  crossing  the 
track  of  the  "  ice-cap  "  eastwards  and  westwards. 

In  May  1875  I  travelled  to  Ceylon,  and  went  to  the  highest  point 
in  the  island,  8326  feet  above  the  sea,  at  Pedro  TullaguUa.  Frosts 
occur  in  winter  at  hill-stations  there,  and  the  climate  is  cool.  I 
could  find  no  mark  of  glacial  action  between  5°  and  10°  north  lati- 
tude. That  which  I  observed  in  Ceylon  is  described  in  the  paper 
numbered  (9).  The  rock  is  chiefly  gneiss.  I  found  all  marks 
of  weathering  and  of  "  pluvial  erosion,"  and  some  forms  in  gneiss 
like  "  roches  moutonnees "  with  "  perched  blocks  '*  of  gneiss  on 
them.  These  result  from  weathering  in  situ  and  from  the  structure 
of  gneiss. 

22.  In  February  1877  I  went  from  Madras  by  rail  to  the  Nil- 
ghiri  hills.  The  plains  where  I  saw  them  are  on  gneiss,  with  low 
hills  of  gneiss  rising  like  islands  in  the  plains.  Their  outlines  are 
hollow  curves  -^  like  the  sides  of  a  tent,  and  their  shapes  result 
from  the  wearing  of  rains.  The  western  Gh^ts  have  long  spurs,  of 
like  outline,  extending  like  promontories  and  chains  of  islands  east- 
ward into  the  plains.  They  extend  chiefly  on  the  strike  of  the 
gneiss.  Seen  end  on,  these  hills  are  topped  by  spires,  of  which  some 
overhang  the  base  on  the  dip.  Seen  sideways,  these  spires  appear 
as  long  undulating  ridges.  They  are  the  edges  of  harder  beds  in 
weathered  gneiss.  I  went  up  to  Coonoor,  and  to  Ootacomund,  and 
to  the  top  of  Dodopetta,  8760  feet  above  the  sea  and  the  highest 
point  in  Southern  India.  Frosts  occur  in  these  hill-regions,  and  the 
climate  is  cool  within  11®  of  the  line.  The  hills  which  I  saw  are 
gneiss,  and  their  highest  points  and  ridges  are  the  hardest  beds 
washed  bare  by  the  rains.  Seen  from  above,  outlines  are  hollow 
curves  ^  not  rounded  z""^,  as  they  are  in  glaciated  countries. 
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All  exposed  rock-surfaces  are  discoloured  and  partially  decomposed 
to  a  considerable  depth  by  the  action  of  frost,  heat,  rain,  and  air. 
These  weathered  surfaces  are  scaling  off  and  crumbling.  The  hill- 
sides are  strewed  with  large  blocks  of  gneiss,  which  are  weathering, 
scaling,  and  crumbling,  like  the  solid  rocks,  in  situ,  where  they  fell, 
or  rolled,  or  were  slowly  weathered  out  of  softer  rock.  The  scales, 
which  weather  off  and  crumble,  decompose  till  crj'stals  of  felspar, 
quartz,  and  mica,  &c.  separate  and  break  up.  The  felspar  turns  to 
kaolin,  the  quartz  to  sand,  the  colouring-matter  of  mica,  hornblende, 
&c.  turns  to  rust.  Bains  sort  and  pack  these  decomposed  minerals, 
wash  them  down  hill,  and  bury  gneiss  blocks  in  sheets  of  kaolin,  in 
sheets  of  gravel,  in  coloured  clays,  and  in  "  lateriteJ*  The  mate- 
rials of  the  decomposed  gneiss,  packed  in  sheets  on  the  hill-sides, 
cover  the  slopes.  The  result  is  that  some  of  the  higher  grounds  are 
like  glacial  work.  As  in  Ceylon,  I  am  satisfied  that  these  hill  forma 
are  due  to  weathering  in  situ.  The  lower  slopes,  where  rains  have 
space  to  gather  into  larger  streams,  are  deeply  furrowed  by  long  V- 
shaped  gorges,  in  whose  steep  sides  the  structure  of  the  gneiss  is  well 
seen.  These  greater  furrows  clearly  are  records  of  "  pluvial  erosion." 
At  Newera  EUya,  in  Ceylon,  and  at  Ootacomund  in  the  Nilghiris, 
artificial  lakes  have  been  made  by  building  walls  across  water-fur- 
rows. The  plan  of  a  lake  so  made  is  very  different  from  that  of  a 
mountain-tarn  in  a  glaciated  country.  The  water-line  is  angular, 
not  curved.  I  could  find  nothing  glacial  between  Madras  and  the 
highest  point  in  Southern  India  which  is  within  sight  of  the  western 
sea.  Two  experts  well  acquainted  with  the  country,  the  Curator  of 
the  Madras  Museum  and  the  officer  who  engineered  most  of  the  hill- 
roads,  confirmed  my  opinion.  No  marks  of  glacial  action  in  this 
region  are  known  to  them.  I  heard  much  of  glacial  action  in  the 
country.  I  could  find  none  ;  but  I  can  understand  mistaking  "late- 
rite  "  for  "  boulder-clay,"  and  some  weathered  surfaces  for  **  roches 
moutonn^." 

23.  On  the  8th,  9th,  and  10th  of  March,  1877,  I  crossed  from 
Madras  to  Bombay.  The  Madras  side  is  a  plain.  Where  the 
hills  begin,  steep  slopes  are  furrowed  by  rains  and  streams.  The 
structure  of  the  rock  was  clearly  seen  in  conical  hiBs  and  in  long 
ridges.  I  took  the  rock  to  be  gneiss.  The  upper  plateau  is  an  un- 
dulating country  with  isolated  hills  of  granite  in  all  stages  of  wea- 
thering. The  last  stage  is  a  cairn,  or  ridge  of  loose  stones,  or,  where 
these  have  been  crumbled  to  dust,  a  low  dome  or  boss  of  granite. 
At  first  sight  many  of  these  forms  are  like  glacial  work ;  but  after 
passing  many  it  is  clearly  seen  that  the  work  is  "  weathering  in  situ." 
The  dome  shape  is  the  structure  of  the  rock.  The  surface  is  not 
worn  by  the  grinding  of  ice  ;  for  it  often  passes  beneath  upper  layers 
in  all  stages  of  weathering,  from  cracked  surfaces  to  isolated  stones. 
The  isolated  stones  are  not  '*  erratics  ";  they  are  but  remnants  of  an 
upper  layer  weathered  away  by  rains.  About  midway  between  the 
coasts,  near  the  branch  railway  to  Hyderabad,  trap  is  reached,  and 
the  form  of  the  country  changes.  The  Gh^t  on  the  west  side  gives 
a  section  of  about  2000  feet  of  beds  of  trap.     Above  and  below  the 
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edge  of  the  plateau  are  all  the  forms  which  are  commonlj  produced 
by  the  weathering  of  trap, — "  stairs  "  (trappa)^  cones,  pyramids, 
cubical  masses,  spires,  peaks,  jagged  sierras,  and  such  like,  and 
through  them  all  run  the  horizontal  layers  of  this  great  outpouring 
of  igneous  rock.  The  granite  country  is  like  the  Sierra  Nevada 
abore  tiie  plains  of  California.  The  trap  country  is  like  the  Cascade 
range  in  Oregon,  without  the  volcanic  cones ;  it  is  like  parts  of  Ice- 
land, the  Faroe  Islands,  the  north  of  Skye,  the  Isle  of  Mull,  and 
part  of  Ireland,  where  igneous  rocks  have  weathered.  I  saw  no 
marks  of  glacial  action  between  Madras  and  Bombay.  I  saw  clear 
records  of  long-continued  pluvial  denudation,  the  work  of  an  engine 
which  acts  vertically  and  wears  down  hills,  and  spreads  their  ruins 
on  plains  and  plateaux.  The  edges  of  the  Indian  plateau  are 
farrowed  by  streams  and  worn  into  shapes  which  depend  in  some 
degree  upon  the  structure  of  the  material  which  is  carved. 

Up  to  lat.  18®  I  saw  nothing  to  indicate  glacial  action  in  the  shape 
of  the  surface  of  India.  The  strange  forms  of  weathered  granite  in 
the  country  have  been  explained  by  a  legend.  When  Sita,  the  wife 
of  Bama,  was  carried  off  to  Ceylon,  a  bridge  was  needed  by  the 
armies  of  Bama.  His  allies,  the  monkeys,  fetched  stones  from  the 
Himalayas  and  built  Adam's  bridge.  The  ruins  are  in  Palk's  Strait. 
Piles  of  spare  materials  were  left  about  Hyderabad  in  cairns  and 
ridges.  I  have  often  heard  these  same  mounds  attributed  to  glacial 
action ;  but  Indian  geologists  generally  attribute  them  to  weathering 
in  situ,  as  I  do. 

24.  About  lat.  ir  20'  to  19*=>  53'  N.,  not  far  from  Ndgpur,  in 
Central  India,  a  deposit  of  the  age  of  Indian  coal  or  "  bottom  Ter- 
tiary "  has  been  discovered  and  named  *'  the  Talchir  Boulder  Forma- 
tion." Mr.  Fedden,  of  the  (Geological  Survey,  has  described  this 
deposit.  He  attributes  it  to  the  action  of  *^  ground-ice "  moving 
from  S.W.  northwards. 

Lat.  36^  8.  is  the  present  limit  of  floating  ice.  54°  S.  and  19°  N. 
make  73°  from  that  limit  to  the  Talchir  deposit,  which  is  a  long 
way.  The  nearest  glacier  northwards,  33°  N.,  is  distant,  say, 
14".  Between  36°  S.  and  33°  N.  I  know  of  nothing  else  that  looks 
so  like  glacial  work  on  this  meridian.  Other  beds  in  this  series, 
provisionally  dated  "  Lower  Triassic,"  have  all  marks  of  deposition 
in  water.  Samples  of  scratched  stones  in  the  Calcutta  Museum,  and 
the  paper  of  Mr.  Fedden,  argue  that  ice  did  in  fact  score  rocks  and 
move  scored  stones  within  the  tropics  about  the  time  when  climate 
there  was  fitted  for  the  growth  of  tropical  coal-plants.  I  did  not 
travel  to  the  Talchir  deposits.  I  had  not  the  pleasure  of  meeting 
Mr.  Fedden.  The  boulders  at  Calcutta  were  first  rolled  and  then 
*  rubbed  on  one  side  only,  whereas  moraine  stones  generally  are 
scratched  on  all  sides.  I  have  seen  surfaces  in  the  walls  of  mines 
produced  by  frequent  movements  in  the  solid  crust  which  are  very 
like  glacial  polishing.  In  India  especially  landslips  and  earthquakes 
have  to  be  considered  in  accounting  for  polishing  and  scoring.  Some 
geologists  ascribe  all  polished  surfaces,  which  glacialists  attribute  to 
ice,  to   slips.     Great  disturbance  in   all  this  region  is  proved  by 
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igneous  rocks  and  by  the  dip  of  metamorphic  gneiss.     Since  tho 
caves  of  Elephanta  were  hewn  out  of  trap,  the  level  of  the  floor  has 
changed;  so  that  water  poured  on  an  idol  flows  in  the  opposite 
direction  from  that  which  the  sculptors  intended.     Mr.  Judd  has 
shown  that  great  volcanic  cones  once  stood  on  spots  which  now  are 
in  '^  the  Hebrides/*  Their  age  is  proved  by  fragments  of  sedimentary 
rocks  preserved  in  sheets  of  trap  and  basalt.    Where  trap  rocks  cover 
a  vast  area  to  a  great  depth  in  India,  it  is  possible  that  volcanic  cones 
in  proportion  may  have  risen  high  enough  to  reach  the  cold  climate 
which  now  breeds  glaciers  in  lat.  27°-28^N.,  only  10°  further  north. 
That  is  one  possible  explanation  for  these  old  Talchir  boulders  which 
occurs  to  me.    It  has  been  found  that  water  colder  than  the  freezing- 
point  of  fresh  water  is  at  the  bottom  of  the  Indian  Ocean  now  under 
the  line  and  north  of  it.     It  has  been  supposed  that  this  cold  layer 
of  sea- water  is  flowing  northwards  from  the  Antarctic  ice,  and  db- 
placiog  surface-water  wanned  to  80°  or  even  90°  by  the  sun  in  the 
Indian  Ocean.     Surface-currents  which  flow  southwards  along  the 
African  coast  prove  marine  circulation  and  a  water  supply  equal  to 
the  waste.     It  is  well  known  to  flshermen  and  sealers  that  icebergs 
founder,  and  that  *'  anchor-ice  "  grows  at  the  bottom  of  the  sea  off 
Newfoundland  and  the  Labrador.     Though  ice  floats,  it  may  be  sunk 
by  stones  or  anchored  to  them.     It  seems  possible  that  an  antarctic 
current  of  cold  water  moving  northwards  at  the  bottom  of  the  sea 
may  roll  foundered  icebergs,  and  move  sheets  of  anchor-ice  loaded 
with  stones,  even  beneath  warm  tropical  seas.     It  is  possible,  but 
very  improbable,  that  simken  ice  should  travel  73°.     Mr.  Fedden 
sees  nothing  in  the  Talchir  boulder-deposit  to  indicate  the  action 
of  a  continental  ice-sheet  or  of  a  local  glacier.     He  suggests  the 
action  of  ground-ice  in  shallow  water.     But  these  supposed  records 
of  a  cold  climate  coincide  in  position  with  tropical  coal- plants.    The 
two  records  do  not  agree  if  the  events  recorded  are  supposed  to  have 
happened  near  the  same  sea-level.     The  case  is  a  problem ;  but  ex- 
isting conditions  of  climate  that  best  agree  with  the  record  are  the 
deep-sea  cold  of  the  Indian  Ocean  and  the  hot  tropical  climate  at  the 
surface  and  on  shore.     These  give  a  diflerence  vertically  equal  to  the 
difference  between  the  climates  of  Bombay  and  the  North  Cape  of 
Europe  at  the  sea-level,  or  between  the  existing  climates  of  the 
plains  of  India  and  of  hills  near  them  which  rise  to  the  level  of  per- 
petual snow  in  NepaL     (Mr.  Fedden's  paper  and  a  rubbing  taken 
from  a  boulder  described  in  it  accompanied  this  paper,with  a  moraine- 
stone  from  Ivrea,  for  contrast.)  This  exceptional  find  does  not  concern 
the  recent  "glacial  period"  or  superficial  geology ;  it  belongs  to  the 
age  of  the  Indian  coal.     If  these  boulders  are  in  fact  glaciated,  they 
prove  that  the  world's  cUmate  there  was  somehow  cold  enough  for 
ice  to  exist  within   the  tropics,  while  it  was  also  hot  enongh  at  the 
same  place  for  the  growth  of  coal-plants — a  very  long  time  ago. 
Even  a  change  in  the  position  of  the  earth's  axis  would  not  explain 
this  double  record  of  great  heat  and  great  cold. 

25.  18^0  31°  N.  lat.  In  the  end  of  September  1876  I  landed  at 
Bombay  and  travelled  by  rail  to  Allahabad.    The  rocks  seen  were 
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ohiefly  trap.  I  was  told  by  fellow  travellen  of  marks  of  *^  the  ice 
period  "  south  of  Bombay  described  by  competent  geologists ;  I  sup- 
pose that  the  Talchir  boulder-formation  was  meant.  I  saw  nothing 
like  glacial  work  in  this  long  cast  eastwards  to  the  junction  of  the 
Oanges  and  Jumna,  about  lat.  25^  N.  If  the  ice-cap  had  passed  that 
way,  erratics  of  some  northern  kind  ought  to  remain  on  the  trap, 
and  trap  boulders  ought  to  be  found  south  of  the  trap  on  granite  and 
gneiss.     I  saw  none. 

26.  The  next  cast  westwards  up  to  lat.  30®  N.,  to  Umballa,  is  all 
on  river-deposits.  I  saw  neither  rock  nor  large  stone.  The  whole 
land  is  sand  and  mud,  which  is  moved  by  every  shower  and  breeze. 

27.  Prom  Umballa  I  drove  over  the  plains  to  Xalka  at  the  base 
of  the  hills  and  sixty  miles  up  hill  to  Simla,  persuaded  that  I  should 
find    ice-marks  near  glaciers.     The  Himalayan   region  is  a  slope 
about  200  miles  wide,  between  the  upper  plateau  of  Asia  and  the 
plains  of  India.     On  the  scale  of  the  Survey  maps,  four  miles  to  the 
inch,  the  profile  would  be  roughly  expressed  by  a  bank  1^  inch  high 
and  4  feet  broad,  sloping  to  nothing.     Any  school  map  shows  that 
an  ice-cap  must  have  copie  down  that  slope  if  they  both  existed 
during  a  recent  glacial  period.     I  looked  at  every  stone  and  heap 
of  stones   about  the  foot  hiUs,   expecting  to   find  some   glacial 
mark ;  I  looked  at  every  hill-top,  expecting  to  find  some  remnant  of 
a  glacial  record  between  the  river-gorges.   In  the  paper  numbered  (8) 
is  an  account  of  a  like  search  made  in  the  Caucasus  in  September 
1874,   with  like  expectations  and   a  like  result,    at  about   10° 
further  north.    There  a  ridge  of  high  mountains,  about  800  miles 
long,  crosses  the  track  of  the  ice-cap  east  and  west,  and  bears  no  re- 
cord of  its  passage  southwards.   I  stayed  at  Simla  for  some  time  and 
found  no  sign  of  glacial  action  of  any  kind  up  to  about  9000  feet. 
From  places  near  Simla  I  saw  hills  within  a  circle  of  about  200  miles' 
diameter.    My  plan  was  to  carry  a  map  and  a  compass  to  a  hill-top, 
place  the  compass  on  my  spot,  aud  identify  hills  by  their  bearings 
with  the  aid  of  people  who  know  them.     I  saw  great  snow-slopes 
above  known  glaciers  which  lie  at  the  sources  of  the  Jumna  and 
Ganges  below  lugher  grounds.   Having  learned  local  geography,  the 
next  step  was  to  sketd^  the  landscape  and  study  form.   I  saw  every- 
where on  the  ground  traversed,  and  as  far  as  I  could  see  with  a  good 
^lass  in  the  dear  air  of  these  regions,  the  marks  of  great  floods  of 
rain  which  have  furrowed  the  whole  Himalayan  slope.    All  the 
ridges  which  divide  streams  are  sharp  and  steep,  k,  as  the  ridge  of 
a  house ;  all  the  furrows  are  deep  Y-shaped,  angular,  steep  gutters, 
like  the  gutter  between  two  steep  roofs,  W.     My  landscapes  were 
all  angular.     I  could  not  discover  one  rounded  hiU  or  hollow,  one 
•'  sadiUe  "  or  "  hog-back,"  from  Simla,  or  from  places  near  it  to 
which  I  could  traveL     The  excellent  maps  of  the  Great  Trigono- 
metrical Survey  of  India  showed  that  some  of  the  largest  and  deepest 
valleys  in  the  region  run  eastward  and  westward  towards  opposite 
ends  of  the  slope.     I  could  see  the  border-land  of  Thibet  and  hills 
near  the  sources  of  the  five  chief  rivers  which  drain  these  hills,  the 
Brahmapootra,  Indus,  Sutlej,  Ganges,  and  Jumna.     The  highest 
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ground  yisible  is  a  jagged  sierra  of  pyramidal  angular  points,  amongst 
which  are  the  glaciers.  On  the  map  the  glaciers  are  like  the  fronds 
of  a  fern,  and  rest  in  furrows  like  snow  in  roofs.  That  view  alone 
was  enough  to  prove  that  the  ice-cap  had  left  no  visible  record  of 
its  passage  from  polar  to  equatorial  regions  on  the  Himalayan  slope. 
But  such  is  the  hold  of  the  term  "  Glacial  period  "  on  general 
conversation,  that  I  repeatedly  heard  of  glacial  marks  where  I  found 
none  when  I  sought  them  near  Simla. 

28.  From  Simla  I  went  back  to  the  railroad,  and  eastward  to 
Saharumpore,  and  thence  over  the  plains  and  up  the  hills  to  Dehra, 
Mossurie,  and  Landour,  to  a  spot  which  is  7511  feet  above  the  sea, 
between  the  Ganges  and  Jumna.  Thence  I  got  a  second  wide  view, 
over  the  lower  hills  and  river-basins,  of  snowy  peaks  and  ridges 
which  divide  the  Ganges  and  Jumna  basins  from  the  Sutlej  gorge, 
which  trends  E.-W.  Below  their  snow-slopes  are  glaciers  of  which  I 
had  photographs.  The  maps  gave  their  positions  and  present  dimen- 
sions, which  are  about  as  great  as  glaciers  now  are  in  the  southern 
Alps.  Eastward  from  Landour  I  clearly  saw  Nimda  Devi,  27,669  feet 
high;  and  on  a  quarter  of  my  horizon  the  peaks  of  Budrinjith, 
Kidamlith,  Gangutri,  Jumnutri,  Bimderpanch*,  and  others,  which 
divide  the  Sutlej  vtdley  northwards  from  the  Ganges  and  Jumna 
basins.  I  had  seen  many  of  these  fr^m  near  Simla,  and  I  saw  them 
better  from  Landour.  l?he  whole  country  visible  within  a  circle  of 
nearly  200  miles  diameter  is  like  the  Simla  coimtry ;  it  is  deeply 
furrowed  by  rains.  The  highest  ridges  visible  are  sierras  of  extra- 
ordinary steepness  and  sharpness.  Nunda  Devi  seems  to  be  another 
E.-W.  ridge  seen  end  on.  It  was  like  a  steeple,  or  a  high  steep 
gable  in  a  town  with  high-pitched  roofs.  It  is  a  great  mountain- 
range,  with  flat  sides  and  dean  fractures,  too  steep  for  snow  to  rest 
upon.  The  ice-oap  must  have  passed  over  this  E.-W.  ridge, 
25,000  feet  high,  after  crossing  the  Sutlej  valley  and  another  sierra 
about  as  high  as  Nunda  Devi.  The  nearer  and  lower  ridges  are  like 
it,  on  a  smaller  scale ;  they  are  scarcely  wide  enough  on  the  top  for 
a  road,  and  they  are  furrowed  on  all  ttieir  steep  sides  by  ravines  of 
all  sizes.  Furrows  are  furrowed  till  the  smallest  are  fike  furrows 
in  a  ploughed  field.  The  whole  country  visible  has  the  same  angular 
shape,  and  the  pattern  is  the  same  whatever  the  size  of  it  may  be. 
A  fern  laid  on  paper  may  give  some  notion  of  a  map  of  this  region. 
All  sections  are  angular.  Manifestly  there  was  no  mark  of  an  ice- 
cap in  sight  from  Landour. 

29.  The  shape  into  which  these  rocks  weather,  as  usual,  seems  to 
depend  in  some  measure  on  their  internal  structure.  At  Simla  and 
at  Landour  the  rocks  have  a  tendency  to  break  in  directions  which 
make  flat-sided  pyramidal  peaks  and  steep  ridges.  A  glance  at  any 
good  map  shows  clearly  that  running  water  has  run  down  the  slope 
as  it  runs  down  on  pan-tiles,  but  that  it  is  afterwards  caught  in  long 
gutters,  which  run  nearly  parallel  to  the  general  trend  of  the  North- 
western Himalayan  range,  or  E.-W.     The  same  is  true  of  the  Cau- 

*  Monkey's  tail.    The  hill  is  supposed  to  be  like  a  monkey,  a  sort  of  repre- 
sentation of  the  monkey  god. 
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casus :  after  the  water  has  run  down  from  the  hills,  it  gathers  into 
four  chief  streams,  which  ran  east  and  west  along  the  hase  of  the 
hills  as  a  gutter  does  under  the  eaves  of  a  steep  roof.  All  that  I 
liave  been  able  to  learn  about  the  geology  of  these  two  mountain- 
ranges  shows  that  wearing  by  rains  and  rivers  is  guided  by  the 
slope,  but  it  is  modified  in  direction  by  the  structure  of  the  rock, 
wluch  is  <»rved  accordingly.  The  Geological  Survey  of  India  is  not 
completed ;  but,  so  far  as  I  am  informed,  the  Himalayan  ridges  and 
farrows  are  carved  out  of  beds  which  are  much  crumpled  and  faulted, 
and  which  include  sedimentary  fossiliferous  rocks  of  many  periods, 
recent  and  very  old,  from  Tertiary  rocks  to  Silurian  shales.  Recur- 
ring earthquake-waves  may  have  something  to  do  with  the  joints  and 
cleavage  and  fracture  of  those  rocks. 

The  Work  of  Rivers, — I  had  no  local  maps ;  I  could  get  none  of 
the  district  at  the  office  of  the  Great  Trigonometrical  Survey  of  India, 
which  is  at  Dehra.  I  was  there  referred  by  the  Directors  to  Cal- 
cutta. When  I  got  unfinished  maps  there,  the  area  drained  at 
Hirdwar  is  roughly  a  figure  bounded  by  a  quarter  of  a  circle,  with 
a  radius  of  about  80  miles.  The  edges  of  tins  ribbed  saucer  are 
**  snowy  peaks  "  and  a  «one  more  than  20,000  feet  high.  Glaciers 
are  marked  on  the  maps  about  the  edge  of  this  hollow.  Most  of 
them  are  on  the  north  side,  towards  the  Sutlej. 

It  is  the  custom  of  surveyors  in  a  mountain  country  to  follow 
levels  and  to  draw  contour  lines.  Sheep-paths  and  goats'  tracks  and 
bridle-paths  are  laid  out  on  the  same  principle.  A  sea- coast  is  a 
**  contour  line,"  and  roads  in  the  Himalayas  wind  about  in  search  of 
a  level  to  walk  upon.  A  straight  course  would  be  a  continual  dimb 
np  or  down.  In  the  '  General  Report  on  the  Operations  of  the  Great 
Trigonometrical  Survey  of  India  during  1874-76,'  at  p.  46  (23), 
"  Kumaun  and  Garhwal  Survey,"  Mr.  F.  C.  Ryall,  the  reporter,  di- 
vides his  district  into  zones  or  belts,  which  are,  as  I  suppose,  tracts 
of  country  between  "  contour  lines."  These  "  belts  "  surround  the 
headwaters  of  the  Ganges  and  neighbouring  basins  towards  Nepal. 
The  watershed  which  I  saw,  and  sketched  ^om  a  distance,  is  a  sierra 
of  peaks,  comparable  to  the  Lofoten  Isles  in  Norway  for  sharpness. 
Beyond  that  ridge  is  the  Sutlej,  flowing  westward  over  high  undu- 
lating gpround,  on  a  steppe  which  has  been  seen  by  the  surveyors. 
The  river  plunges  suddenly  down  from  the  frontier.  One  of  the 
surveyors,  Mr.  Pocock,  got  to  a  height  of  22,040  feet;  another 
spoke  of  a  friend  who  had  reached  to  24,000  feet.  These  exalted 
persons  saw  a  great  deal  of  the  world  with  practised  eyes,  and  I  re- 
spect them  and  their  information  greatly. 

§  1.  The  first  zone  on  the  Indian  side  of  the  watershed  is  about  15 
miles  wide.  The  ground  there  undulates,  as  it  does  in  Thibet.  The 
land  is  utterly  barren,  very  cold,  and  glacial.  In  that  mountain 
region  river-basins  and  minor  ridges  average  from  14,000  to 
20,000  feet  above  the  sea-level.  In  all  mountain  countries  known 
to  me  there  is  a  region  of  "  high  Alpine  valleys  "  near  the  water- 
shed, in  which  water  fiows  slowly,  on  gradual  slopes.  Contour  lines 
drawn  at  regular  intervals  of  altitude  are  wide  apart.    These  are' 
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about  the  base  of  grounds  on  which  contour  lines  are  dose  together, 
and  take  the  shape  of  irregular  closed  figures  about  peaks. 

§  2.  The  next "  belt "  below  14,000  feet  is  from  10  to  1 7  miles  wide. 
In  it  are  "  needles/'  of  which  Nunda  Devi  is  25,669  feet  high  ;  and 
there  are  very  narrow  deep  valleys.  Of  one  gorge  the  reporter 
says : — "  The  steepness  of  the  gorge  may  be  conceived  when  it  is 
understood  that  the  direct  horizontal  distance  from  Hasaling  snowy 
peak  to  the  Gori  lliver  is  rather  less  than  1  j  mile,  and  that  it  towers 
14,000  feet  above  it."  That  gives  a  base  of  9160  feet,  and  a  ver- 
tical side  of  14,000  feet,  which  sides  give  a  steep  third  side  to  the 
triangle.  My  sketches  from  Landour  give  some  distant  idea  of  these 
hill-sides.  In  all  mountain  countries  streams  that  have  cut  '*  canons  " 
flow  in  hollows  of  this  kind,  which  are  deep,  or  long,  or  short  in  pro- 
portion to  tlieir  age.  They  are  valleys  of  erosion,  and  end  aboye  at  a 
waterfall  in  general. 

§  3.  Zone  the  third  is  described  as  a  region  of  "  spurs,**  6  to  7  miles 
wide,  at  an  average  height  of  12,000  feet.  By  this  I  suppose  that 
Mr.  Eyall  means  the  land  left  between  the  canons  in  zone  the 
second. 

In  these  three  zones,  between  25,000  and  12,000  feet,  the  sur- 
veyors are  called  "  a  snow  party,'*  and  glaciers  are  mentioned  inci- 
dentally as  difficulties  walked  over.  Alpine  climbers  will  recognize 
in  this  description  the  steep  ground  about  the  sources  of  European 
rivers  in  the  Alps,  where  glaciers  are  at  work  now. 

§  4.  The  next  region  is  about  60  miles  wide,  at  an  average  height 
of  7000  feet.  It  is  *'  much  waterwom ;  *'  that  is  to  say,  a  wide  slope 
is  very  deeply  furrowed  by  branches  of  the  larger  and  longer  rivers, 
which  come  from  the  watersheds  through  belts  which  are  measured 
by  about  38  horizontal  miles  and  18,000  vertical  feet.  I  measured 
slopes  near  Simla  which  make  an  angle  of  near  about  70° ;  45*^  and 
30°  are  usual  slopes.  At  Daijeeling  the  valley  is  6000  feet  deep,  and 
the  base  of  one  side  is  about  4  miles.  Surveyor's  levels  cross  furrows 
by  flashing  rays  at  an  average  of  7000  feet  above  the  sea.  The  tops 
suit  European  constitutions,  so  they  dwell  in  this  "  belt." 

§  5.  The  last  "  zone  '*  is  the  "  Shivalik  zone,"  with  an  average 
breadth  of  8  miles  and  a  height  of  4000  feet. 

The  plain  region  begins  at  about  1000  feet,  and  extends  some 
thousands  of  miles  to  the  Ganges  delta.  Within  three  **  belts," 
38  miles  wide,  are  glaciers.  In  the  remaining  lower  belts,  68  miles 
broad,  ought  to  be  old  glacier-marks,  if  the  country  ever  was  like 
Lombardy  during  a  general  Glacial  period.  On  similar  ground  I 
found  only  marks  of  pluvial  erosion.  My  distant  conclusions  corre- 
apond  to  the  work  of  those  young  athletes  who  risked  their  lives  in 
climbing,  and  were  nearly  starved,  though  Government  servants, 
equipped  with  camps,  and  clothed  with  the  majesty  of  the  British 
Raj. 

It  is  the  custom  of  Anglo-Indians  who  go  to  Siniila  for  health  to 
make  expeditions  into  "  the  interior."  They  travel  on  roads  con- 
structed by  engineers  which  follow  ridges  between  streams,  and  fol- 
low the  Sutlej  valley  wh^re  the  higher  ridge  is  furrowed  by  branch 
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streams  in  the  upper  zones.  The  roads  go  for  passes,  and  the  rivers 
do  the  same.  I  conversed  with  many  travellers  who  had  explored 
this  road.  I  could  not  explore  it  myself;  for  the  way  was  blocked 
by  the  Viceregal  train.  Miss  Gordon  Gumming  has  described  this 
route  up  to  Chini,  near  the  frontier  of  Thibet,  with  the  pen  and 
pencil  of  a  clever  artist,  in  her  book  called  *  From  the  Hebrides  to 
the  Himalayas  '  (London  1876).  The  author  of  <  The  Abode  of  Snow* 
also  describes  this  route.  Every  river  that  flows  from  a  high  source, 
and  every  rill  that  flows  on  a  slope,  at  some  part  of  its  course,  has  a 
zone  of  waterfalls.  The  water  there  is  digging  with  all  its  power. 
The  steppe  from  which  it  falls  is  gradually  worn  away.  Steps  and 
falls  grow  higher,  and  recede  up  stream,  tiU  walls  of  an  amphitheatre 
are  nearly  reached.  Scotchmen  call  it  a  corrie,  Welshmen  a  comb. 
As  the  ^8  retire,  the  length  of  the  watercourse  above  them  de- 
creases, and  the  quantity  of  water  and  its  power  of  digging.  The 
whole  process  can  be  watched  between  tides  on  a  sandy  beach.  The 
"  waterfall  zone "  in  the  Himalayas  is  close  up  to  the  watershed, 
from  which  I  gather  that  the  watercourses  are  very  old.  The  water- 
falls at  Simla  are  close  to  the  watershed  at  the  sources  of  small 
branches  of  two  systems  of  streams.  One  flows  to  the  Bay  of  Ben- 
gal, the  other  to  the  Indian  Ocean.  The  waterfall  zone  of  the 
Sutlej,  <*  the  corrie,''  is  many  marches  up  close  to  Thibet.  So  it  is 
in  the  Ganges  basin,  and  so  it  is  in  Siccim  and  in  Bhotan.  Where 
glaciers  end  thereabouts  streams  fall  suddenly  down  into  ^^corries" 
Hke  the  Tosemite  valley,  on  a  grander  scale  *. 

30.  Hirdwar. — After  waiting  for  some  days,  sketching  and 
watching  the  marvellous  landscape  from  Landour,  I  went  down  to 
Debra,  and  through  the  Diin  to  Hirdwar.  That  is  a  sacred  place, 
where  the  Ganges  leaves  the  hills.  At  the  sources  of  the  Ganges 
are  glaciers,  and  peaks  above  them  on  the  edge  of  the  basin  are 
visible  from  Hirdwar.  I  have  sketches  of  them.  If  these  glaciers 
ever  extended  far  during  a  Glacial  period,  some  marks  ought  to  be 
found  about  the  place  where  a  river  as  big  as  the  chief  river  of  Lom- 
bardy  at  its  greatest  size  escapes  from  the  great  basin,  whose  jagged 
edges  and  steep  sides  I  had  seen  from  Landour,  where  frosts  and  deep 
snows  occur  frequently.  In  a  like  position  in  Italy,  near  Turin,  are 
ramparts  of  glacial  debris,  which  are  hills  higher  than  hills  at  Hird- 
war. I  had  seen  them  from  the  railway  on  the  way  out.  I  have 
read  of  them,  and  I  went  to  look  at  them  on  my  return.  I  had  seen 
the  shape  of  the  dales  above  the  great  lakes  of  the  Alps,  up  to  the 
watershed,  in  1841.  Hirdwar  is  1124  feet  above  the  sea.  The 
edge  of  the  basin  is  nearly  20,000  feet  higher,  and  the  area  is  large 
and  comparable  to  the  area  of  the  Yal  d'Aosta,  on  the  Lago  Mag* 
giore.  A  Glacial  period  would  lower  the  snow-line  everywhere, 
and  lengthen  all  glaciers,  and  might  fill  the  Ganges  basin  with  ice, 
because  a  local  cold  climate  filled  the  Alpine  dales.  I  stayed  at 
Hirdwar  for  several  days,  and  could  find  no  sign  of  glacial  action 

*  This  account  of  the  Lower  Himalayan  slopes  towards  the  east  coincides 
with  that  of  the  country  in  which  the  war  is  now  going  on,  according  to  traTCl- 
lers  who  have  described  that  region. — January  11, 187 v. 

Q.J.G.S.  No.  137.  I 
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whatsoever.  I  heard  a  great  deal  about  "marks  of  the  Glacial 
period  **  in  the  Ganges  basin  from  travellers  after  I  left  the  country. 
In  the  jungles  and  in  this  vast  country  may  be  many  things  that  I 
did  not  find. 

31.  I  rode  to  Eoorkee  along  the  banks  of  the  new  Ganges  canaL 
In  digging  it  great  masses  of  stuff  have  been  raised  from  considerable 
depths  to  make  a  canal  comparable  for  size  to  the  Suez  Canal,  to  give 
room  for  a  stream  about  as  great  as  the  Thames  is  at  Windsor.  I 
found  only  mud,  sand,  pebbles,  and  abundance  of  large,  smooth,  egg- 
shaped,  rolled  stones  of  considerable  size.  I  could  not  find  one  stone 
with  scratches  on  it  or  with  flat  sides,  or  one  angular  erratic  near 
the  canal.  I  could  find  nothing  glacial  about  the  end  of  the  Ganges 
basin.  I  could  hear  of  nothing  glacial  from  the  surveyors  with  whom 
I  conversed  at  Dehra.  I  had  photographs  of  glaciers,  and  of  glens 
near  them,  about  the  headwaters  of  the  Ganges  and  Sutlej.  In  them 
I  could  see  nothing  to  suggest  the  former  action  of  large  glaciers  like 
those  which  have  left  tieir  spoor  in  every  valley  in  the  Alps,  in 
Scandinavia,  in  Scotland,  and  in  Ireland.  In  some  few  pictures  only 
I  could  trace  marks  which  seem  to  indicate  a  former  extension  of 
glaciers  which  exist.  Captain  Senior,  Superintendent  of  Native 
Army  Schools,  who  made  the  pictures,  said  that  old  glacier-marks 
which  he  identified  on  the  ground  extend  only  a  few  miles  from  the 
ice  in  this  region.  The  surveyors  who  mapped  the  ground  confirmed 
what  I  saw  and  heard.  The  Ganges  glaciers,  and  others  in  this 
region,  hang  about  the  steep  broken  edges  of  great  deep  basins ;  and 
there  is  nothing  to  show  that  glaciers  ever  filled  these  basins,  as 
European  hollows  were  filled  of  old. 

There  was  no  sign  of  an  icecap  at  either  of  these  hill-stations ; 
and  opposite  to  the  Ganges  basin  were  no  signs  of  that  Glacial 
period  to  which  European  ice-marks  are  usually  attributed.  On  my 
return  to  Europe  I  went  to  the  Yal  d'Aosta  to  look  at  old  moraines. 
The  result  of  the  comparison  is  in  Section  V. 

32.  My  next  cast  was  westward  in  the  plains.  I  travelled  by  rail 
to  Lahore,  about  lat.  32°,  crossing  the  Jumna,  the  Sutlej,  and  the 
Bias  rivers  about  50  miles  from  tibie  hills.  I  saw  no  glaciated  stones 
in  the  plains  or  near  the  banks  of  these  three  great  rivers.  AH  three 
rise  amongst  glaciers.  The  Sutlej  fiows  E.-W.  from  lakes  dose  to 
the  sources  of  the  Indus  and  Brahmapootra  in  Thibet,  and  many  of 
its  branches  come  from  glaciers  which  are  on  the  outside  of  the 
Ganges  basin.  At  these  four  points  between  the  Ganges  and  tiie 
Eavee  there  is  nothing  at  the  foot  of  the  Himalayas  comparable  to 
the  glacial  d^ris  of  Lombardy  or  the  erratics  of  the  American 
plains.  There  is  nothing  visible  but  sand  and  mud  between  Allaha- 
bad and  Lahore. 

33.  Kangra  ♦. — About  long.  74®  E.  I  turned  back  to  Umritsir,  and 
drove  70  miles  over  plains  to  Puttankote.  That  place  is  dose  to  the 
Ravee  and  to  the  foot  hills,  and  within  sight  of  the  hills  in  Cash- 
mere.     The   Ravee    rises  amongst  large  glaciers;  but  there  is 

^  See  paper  mentioned,  ptragmph  11. 
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nothing  like  glacial  work  opposite  to  this  great  riyer-basin  in  the 
plains. 

34.  In  skirting  the  base  of  the  hills  to  Noorpoor,  I  crossed 
several  large  streams,  sought  carefnlly,  and  found  only  rolled 
stones. 

35.  I  went  through  tiie  Kangra  district,  where  I  had  been  led  to 
expect  signs  of  glaciation  at  a  low  level.  The  Dhaoladhar  range 
is  16,000  feet  high  and  about  80  miles  long.  It  is  deeply  furrowed. 
A  geological  map,  given  to  me  afterwards  by  Mr.  Medlioott  at  Cal- 
cutta, shows  that  the  tops  of  the  sierra  are  granite,  against  which 
lean  beds  of  schists  and  slates,  dipping  at  a  high  angle  towards  the 
plains.  The  deepest  furrows  cut  through  the  edges  of  these  beds  at 
right  angles  to  the  strike,  from  the  granite  tops  to  the  foot  of  the 
range. 

The  Kangra  "  valley  "  is  a  broad  slope  undulating  towards  the 
plains.  I  had  seen  this  range  clearly  from  Simla,  distant  about  100 
miles.  Those  who  have  seen  the  Alps  from  the  Kigi  and  Faulhom, 
or  from  Turin  or  Novara,  or  any  other  great  mountain-range  from  a 
distance,  know  that  the  distant  view  gives  a  better  idea  of  the  general 
shape  of  the  mountains  than  nearer  views.  The  whole  steep  face  of 
this  great  range  was  like  a  steep  bank  after  heavy  rain.  There  was 
no  sign  of  a  great  glacier  passing  along  the  base  of  it,  out  of  the 
Sutlej  valley,  from  east  to  west.  Such  a  glacier,  if  ever  it  existed, 
must  have  left  a  conspicuous  mark.  So  far  as  I  have  been  able  to 
learn  from  surveyors,  geologists,  travellers,  photographers,  and  pho« 
tographs,  there  are  no  marks  of  a  big  glacier  in  the  Sutlej  valley, 
so  far  as  it  has  been  explored;  but  existing  glaciers  are  dose  at 
hand. 

When  I  got  to  the  Kangra  slopes,  the  tops  were  covered  with 
new  snow,  which  made  every  ridge  and  furrow  conspicuous.  The 
range  is  like  ground  seen  from  Simla  and  Landour.  The  landscape 
is  a  series  of  angular  forms,  like  a  ploughed  field  on  a  steep  slope. 
Kangra  is  on  a  steep  high  ridge,  2449  feet  above  the  sea,  distant 
about  12  miles  from  the  high  range.  The  view  is  something  like 
the  view  from  Turin  for  distance  and  extent.  When  evening  lights 
and  shadows  and  sunset  colours  play  upon  the  great  hill-face  oppo- 
site, detaUs  of  form  come  out  with  extraordinary  clearness,  and  the 
landscape  is  one  of  the  most  beautiful  that  I  ever  beheld.  Near  the 
top  are  three  conspicuous  patches  of  old  snow,  on  smoothed  rocks, 
which  are  not  furrowed  like  the  ground  near  them.  These  I  suppose 
to  be  the  old  beds  of  small  glaciers,  if  they  are  not  glaciers  hidden 
by  snow  and  stones.  The  snow  is  fvM  of  large  stones,  clearly  visible 
with  a  telescope.  These  patches  come  down  to  about  12,000  feet. 
They  rest  on  granite,  according  to  the  map.  Below  these  are  three 
deep  furrows  of  the  usual  angidar  V  pattern,  which  come  down  to 
the  Kangra  slopes,  and  from  them  spread  A-shaped  masses,  which 
look  like  deltas  from  any  distance  sufficient  to  make  the  course  of 
the  streams  visible  from  the  snows  to  the  slopes.  In  travelling  east- 
wards along  the  hill-foot,  from  Noorpoor  to  Kangra,  many  water- 
courses are  crossed.    Of  these  some  come  from  the  highest  granite 

i2 


Digitized  by 


Google 


116  J.  T.  OAHPBBLL  OK  GLACIAL  PBBI0D9. 

ridge,  some  from  lower  parts  of  the  ridge.  In  some  of  the  former 
olasB  I  foxmd  long  trains  of  unnsually  large  stones,  chiefly  granite, 
washed  out  of  deltas  and  left  in  streams.  At  first  sight  these,  hy 
their  great  size,  suggested  glacial  action.  They  have  heen  descrihed 
as  "  erratics,"  and  the  deposits  in  which  they  occur  as  "  moraines  " 
of  the  Glacial  period.  I  therefore  sought  carefully,  but  I  could 
find  none  of  the  known  marks.  The  Kangra  big  stones  are  all 
smoothed,  dinted,  and  rounded ;  the  biggest  are  next  to  the  range. 
The  size  decreases  as  the  distance  increases  and  the  slope  grows  less. 
They  are  not  arranged  like  moraines  near  Turin  or  elsewhere,  but 
spread  like  stuff  of  the  same  kind  at  the  foot  of  Pike's  Peak  in  Ame- 
rica, and  at  the  end  of  the  Dariel  Pass  in  the  Northern  Caucasus 
The  deltas  to  which  these  trains  of  big  stones  belong  all  spread  like 
fans  from  the  jaws  of  deep,  steep  ravines  near  high,  steep  hills,  and 
they  are  all  washed  and  rolled  by  floods  of  water. 

Dhada  is  a  rest-house  at  the  foot  of  the  high  range,  in  the  yery 
jaws  of  a  deep  V-ravine,  which  comes  from  ttie  biggest  old  snow- 
patch  that  I  could  see  on  the  range  from  Simla  or  from  Kangra,  or 
from  any  point  that  was  passed  in  trareUing  away  from  the  Dhao- 
ladhar  range,  or  in  passing  along  the  foot  of  it.  The  stream  comes 
out  of  a  deep,  steep  corrie  of  large  area.  At  the  very  apex  of  the 
delta  a  gravel-pit  beside  a  road  gave  a  section  of  the  deposit,  which 
a  very  accomplished  geologist  has  described  as  one  of  the  Kangra 
*<  moraines."  The  soHd  rock  imder  the  loose  stuff  was  newly  laid 
bare.  It  is  not  glaciated.  The  whole  of  the  stuff  was  sorted  by 
running  water,  and  the  big  stones  strewed  on  the  top  evidently  are 
the  largest  and  heaviest  in  an  old-river  deposit  laid  bare  by  late  rains, 
which  have  washed  away  smaller  stuff.  There  was  no  moraine- 
stuff  in  the  section — no  clay  and  no  scratched  stones  anywhere*. 

The  unusual  size  of  these  big  stones  has  to  be  accounted  for. 
Every  lake  and  every  snow-patch  is  a  condenser.  A  lake  is  in  Cash- 
mere which  was  a  great  deal  bigger,  as  shown  by  old  margins* 
When  it  was  bigger  there  probably  was  more  rain  in  the  whole  re- 
gion and  more  snow.  In  the  lake-regions  of  Italy  rainfall  and 
climates  vary  notably  within  short  distances.  I  found  it  so  in  April 
1877. 

The  local  rainfall  about  Eangra  is  now  about  102  inches,  and  the 
slope  is  about  12,000  feet  in  four  horizontal  miles.  The  rain  falls 
in  about  six  months.  Local  rainfall  varies  greatly  now  in  India. 
In  Thibet,  behind  Himalayan  slopes,  it  is  said  that  no  rain  falls. 
In  Scinde  a  few  inches  fall  in  a  year.  62  inches  is  the  average  of 
places  in  the  hills  within  sight  of  Eangra.  102, 125, 200,  and  from 
500  to  800  inches  have  been  recorded  in  different  hill-regions  in 
India.  The  rainfall  of  a  given  spot  there  seems  to  depend  upon  its 
I>o8ition  with  reference  to  the  wind,  which  comes  from  the  Southern 
Ocean,  and  is  called  the  monsoon,  and  with  reference  to  ground  over 
which  that  damp  air  passes  before  it  reaches  the  place.  The  Eangra 
rainfall  may  have  been  stored  up.    In  very  steep,  deeply-furrowed 

*  See  Sectkm  V.  for  a  real  moraine  at  iTiea. 
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gronnd  snow-slides  most  frequently  oocnr,  and  form  ''  bunds  "  in 
narrow  ravines,  so  as  to  gather  a  head  of  water.  Landslips  occur 
firequently ;  and  they  do,  in  fact,  dam  up  watercourses,  and  form 
lakes,  and  accumulate  water-power  till  they  are  burst  by  it.  Earth- 
quakes firequently  occur  in  the  Himalayas ;  one  occurred  at  Barjeel- 
ing  in  Febraary  1877.  Numerous  couloirs  of  old  snow,  formed  in 
ravines,  reach  far  down  the  hiU-faces  above  the  Kangra  slopes,  and 
are  planes  inclined  at  a  very  steep  slope  on  which  big  stones  might 
roU.  Plenty  of  probable  and  of  existing  causes  suffice  for  the  transfer 
of  big  stones  from  the  parent  granite  on  the  ridge  down  to  their 
present  sites  on  the  Kangra  slopes,  a  few  miles  from  the  hills.  It 
took  37  steps  to  pace  round  one  of  the  larger  sort  near  the  hills. 
Some  are  worshipped ;  and  it  is  easy  to  see  how  a  glacialist  might 
attribute  their  transport  to  ice,  while  the  people  ascribe  it  to  their 
divinities.  I  foimd  small  blocks  of  the  same  granite  nearly  30  miles 
away,  in  the  high  gravels  of  a  river  which  rises  above  Dhada  in  a 
snow-patch  visible  from  Kangra  and  Simla.  I  believe  that  water 
moved  the  whole  stream  of  rolled  stones,  great  and  small. 

Between  Dhada  and  Bhagsu,  in  crossiug  many  streams  which 
come  from  the  lower  high  slaty  ranges  which  rest  against  the 
granito,  I  could  find  no  specimen  of  granite  in  a  walk  of  11  miles  at 
the  foot  of  the  range.  But  further  west  a  larger  river  comes  from 
another  snow-patch  on  the  granite,  and  it  flows  amongst  a  great  pro- 
fusion of  very  large  granite  stones,  washed  clear  of  smaller  stuff. 
These  facts  seem  conclusive.  Great  water-power  is  sufficient  to  ao- 
count  for  the  big  stones.  In  1876  a  very  large  stone  was  moved 
about  a  hundred  yards  by  a  sudden  flood  at  E[alka,  near  Simla.  Two 
washermen  were  washed  from  the  stone  and  drowned.  The  cause 
of  the  flood  was  simply  a  heavy  shower  which  poured  into  a  steep 
angular  river-basin  of  small  area,  and  suddenly  gushed  out  like  water 
£rom  a  spout  upon  the  apex  of  a  delta  which  spreads  on  the  plains 
OTcr  a  distance  of  ten  miles  down  to  the  Gugger  river.  The  largest 
atones  in  that  delta  are  next  to  the  steep  hills,  and  look  like  glacial 
work  at  first  sight ;  they  are  comparable  to  the  smaller  sizes  of  big 
Btones  at  Kangra.  The  rest  of  the  Ealka  delta  is  a  river-deposit  of 
rolled  stones,  gradually  decreasing  in  size  till  the  plain  is  reached. 
Thence  the  whole  land  is  fine  sand  and  mud  down  to  Calcutta.  There 
18  nothing  there  like  the  amphitheatre  of  moraines  at  Ivrea.  Similar 
deltas  spread  opposite  to  every  river  which  I  saw  near  the  lower 
ranges  of  the  Himalayas.  Iliey  are  conspicuous,  even  on  maps 
on  a  scale  of  eight  miles  to  one  inch,  between  the  Ganges  and  the 
Ravee. 

36.  Summary. — By  visiting  three  hill-stations  in  the  north-west, 
I  saw  points  distant  firom  each  other  about  400  miles.  Having 
formed  an  idea  of  distant  spots  visible  ^m  Simla,  I  went  to  two  of 
them,  and  verified  my  conclusions  on  the  ground,  at  Landour  and  at 
Eangra,  which  are  about  200  miles  apart.  I  saw  the  shape  of  the 
Himalayan  slope,  and  was  convinced  that  no  trace  of  the  '^  ice-cap  ** 
remains  between  Thibet  and  the  plains  in  the  region  seen.  The  ice- 
cap, in  moving  southwards,  must  have  crossed  the  Dhaoladhar  rangei, 
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wbiob  is  as  steep  as  the  Caucasus  and  about  as  high.  It  must  have 
crossed  the  deep  Sutlej  valley  and  the  sierras  which  divide  it  from 
the  Ganges  basin. 

Secondly.  1  went  to  the  Ganges  basin,  and  saw  enough  to  be  sure 
that  it  has  not  been  filled  with  ice  like  Alpine  valleys  and  Scandina- 
vian dales,  which  were  filled,  and  that  recently. 

Thirdly,  I  skirted  the  base  of  the  hills  in  the  plains,  from  the 
Ganges  to  the  Eavee,  and  saw  nothing  comparable  to  the  glacial- 
plain  deposits  of  North  America,  or  those  of  Europe,  although  "  the 
snows  "  are  visible  from  the  plains. 

Fourthly.  I  went  to  a  range  16,000  feet  high  and  80  miles  long. 
•At  100,  70,  40,  and  12  miles  distance,  and  at  the  foot  of  the  sleep 
ridge,  I  found  no  trace  of  glacial  action.  I  found  none  between  the 
plains  which  end  at  about  1000  feet  above  the  sea  and  spots  which 
are  from  7000  to  10,000  feet  above  the  sea,  and  on  the  road  to  the 
borders  of  Thibet.  Within  sight  of  Indian  glaciers  I  saw  no  sign  of 
glaciation. 

Fifthly .  I  found  on  the  map  that  glaciers  abound  about  a  degree 
north  of  Kangra,  near  lat.  33^  N.,  at  about  12,000  feet  above  the 
sea.  These  are  marked  as  10  to  16  miles  long  now.  In  that  region 
are  lakes  and  flats  called  "maidans."  Further  north,  about  latitude 
36**-37°,  glaciers  are  still  larger.  They  may  all  have  been  larger 
than  they  are ;  but  they  have  left  no  record  on  the  lower  hills  to  prove 
that  their  size  was  greater  in  proportion  to  the  size  of  glaciers  attri- 
buted to  the  Glacial  period.  Scandinavian  and  Alpine  ice  has 
shrunk  by  many  meridian  degrees.  Old  Himalayan  glaciers  have 
left  no  mark  within  a  few  miles.  It  seemed  as  reasonable  to  account 
for  the  length  of  an  icicle  by  a  Glacial  period  as  to  summon  that 
cause  to  account  for  any  extension  of  Indian  ice  of  which  I  was  able 
to  obtain  proofs,  from  maps  and  surveyors,  geologists  and  papers, 
photography  and  photographers,  and  travellers.  I  could  hear  of 
nothing  to  alter  an  opinion  based  on  this  personal  inspection  of  the 
ground  between  Point  do  Galle,  in  Ceylon,  and  the  Dhaoladhar 
ranges  above  the  Kangra  slopes. 

37.  I  had  no  time  to  go  on  to  Cashmere,  unless  I  gave  up  Delhi 
and  Darjeeling.  I  did  not  travel  to  glaciers  :  one  such  expedition 
is  work  for  a  month,  and  needs  much  preparation. 

The  Viceroy  had  from  1100  to  1700  coolies,  and  took  more  than 
a  month  to  travel  from  Simla  to  the  Bavce  along  the  lower  ranges 
of  the  Himalayas  with  his  camp.  I  saw  the  point  reached  from  the 
starting-point  distant  about  100  miles.  I  did  not  aim  at  discovering 
how  much  further  any  particular  Indian  glacier  may  have  flowed. 
That  geological  work  is  in  able  hands.  I  did  not  wish  to  test  the 
conclusions  of  other  observers,  to  contradict  or  to  confirm  their 
observations.  I  wanted  to  look  myself  at  a  great  deal  of  ground  in 
a  short  time,  so  as  to  know  the  general  shape  of  it,  and  to  examine 
carefully  a  few  spots  selected  as  the  best  for  my  purpose.  Having 
seen  Hirdwar  at  the  end  of  the  Ganges  basin  and  Dhada  at  the 
mouth  of  the  Kangra  gorge,  I  went  to  no  more  spots  of  the 
kind. 
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Between  lat.  5°  and  32°  I  found  nothing  in  India  to  prove  any 
great  change  in  the  existing  climate  of  the  world  *. 

38.  After  this  cast  in  the  hills  I  took  several  casts  in  the  plains, 
working  eastwards  towards  the  most  southern  glaciers  in  the  nor- 
thern half  of  the  world.  I  travelled  to  Saharumpore,  and  thence  to 
Agra.  There  is  no  sign  of  glacial  action  ahout  the  hanks  of  the 
Jumna,  or  in  the  plains  seen  on  that  journey.  I  could  not  see  a  big 
stone,  I  could  hardly  find  a  pebble  as  big  as  a  nut  in  the  river-beds. 
I  travelled  to  Cawnpore  on  the  Ganges,  and  to  Lucknow  on  the 
Gumti,  and  westwards  on  the  Oude  and  Eohilcund  line  by  Bareilly 
to  Alleyghur  and  to  Delhi.  I  chose  that  route  because  it  skirts  the 
base  of  Uie  Himalayas,  crossing  numerous  streams  which  flow  from 
Nepal  and  are  said  to  rise  in  glaciers.  Gradients  marked  along  the 
line  are  from  1  in  600  to  1  in  3333.  The  country,  though  undu- 
lating, seems  to  be  a  vast  plain  of  sand  and  mud,  spread  by  the 
streams  and  levelled  by  local  rains.  Water  is  reached  at  small 
depths  and  is  raised  from  wells  for  irrigation.  The  only  hard  stuff 
found  in  tiiis  plain  region  is  *<  kunka,"  which  seems  to  be  a  lime- 
stone-pan growing  from  aqueous  solution  by  crystallization.  The 
^'  lateiite  "  of  SouUiem  India  is  something  of  the  same  kind.  At 
Delhi,  as  iu  the  Deccan  and  in  Southern  India  and  in  Ceylon,  I 
found  something  to  account  for  the  "  moraines  "  of  Central  India,  of 
which  I  heard  much  and  saw  nothing.  "  The  ridge,*'  famous  in  the 
siege  of  Delhi,  is  broken  sandstone  arched  like  broken  ice  on  a 
rolling  wave.  If  this  be  the  work  of  an  earthquake-wave,  the 
movement  was  from  8.E.  or  N.W.,  as  it  was  in  the  other  places 
where  recent  earthquake- waves  have  recorded  their  passage  along 
the  base  of  the  hills  in  broken  buildings  and  in  broken  hills.  In 
Lyell's  '  Principles  of  Geology,'  under  the  head  "  Cutch,"  the  rise  of 
such  a  ridge  is  described.  The  ridge  runs  from  N.E.  to  S.W.,  and 
is  about  100  feet  higher  than  the  plains.  The  bed  of  the  Jumna  is 
sand  and  mud,  and  the  old  sandstone  is  the  same.  The  arched  beds 
are  jointed,  and  the  angles  are  weathered.  A  little  more  weathering 
in  situ  will  make  a  ridge  of  stones  and  something  like  the  shape  of 

*  I  was  told  by  Major  Godwin- Aosten  at  Calcutta  that  the  valley  of  Caahmere 
was  a  g^re^t  lake,  as  proved  by  freshwater  shells  and  terraced  water-margins. 
From  information  given  by  many  other  observers  1  )iad  been  led  to  Buspect  that 
the  river  Jeelum  had  out  a  drain,  and  partially  dried  a  lake,  whose  old  terraced 
margins  are  conspicuous  in  Cashmere.  Shells  found  by  an  expert  are  conclusive, 
and  confirm  local  tradition. 

*•  On  the  Lacustrine  or  Kar^wah  Deposits  of  Kashmcre."  By  H.  Haversham 
Godwin-Austen.  CapS  H.M.  24th  Eeg.,  Kaslunere  Survey.  Bead  June  23,  1858. 
Quart.  Joum.  GeoL  Soc.  voL  xv.  p.  221. 

By  the  same  author.  '•  Geological  Notes  on  Part  of  the  North-western 
HimaUyas."     Op.  cii.  vol.  xx.  p.  a§3. 

These  two  papers  describe  deposits  which  seem  to  resemble  the  Kangra 
deposits,  and  prove  by  fossils  that  some  of  the  rocks  of  the  higher  ranges  of  the 
north- western  Ilimalayas  were  formed  in  an  ancient  sea. 

In  mountains  north  of  Cashmere  glaciers  still  are  of  vast  si^e  about  lat.  37*^. 
The  same  able  observer  who  found  the  shells  and  saw  these  glaciers,  also  found 
marks  of  ice-motion  near  the  valley  of  Cashmere  as  low  down  as  5000  feet  above 
the  sea  (Jounial  of  the  Geological  Society  for  1864). 
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«  moraine.    The  rocks  by  their  composition  indicate  the  action  of 
water  on  fine  sand,  like  the  action  of  the  Jumna  on  its  bed.     From 
Delhi  I  went  eastwards  by  the  Oude  and  Rohilcund  line  to  Pyzabad 
Ajudia  and  Benares,  finding  everywhere  the  same  geological  engine 
at  work — rain — ^in  rivers  and  under  ground.     I  went  by  the  loop 
line  to  Sahibgunge,  on  the  Ganges,  and  thirty-five  miles  up  stream 
in  a  steamer.     The  sections  made  by  a  river  which  here  is  six  miles 
wide  in  the  rains,  in  islands  which  it  is  building  and  destroying  and 
moving  seawards,  show  false  bedding  and  aU  those  marks  of  water 
work  which  I  saw  in  the  soft  beds  of  the  "  Shivaliks  "  and  the  Delhi 
brown  sandstones.     I  saw  no  pebbles  in  these  Ganges  sections  or  in 
the  dry  bed  of  the  river.     I  suppose,  therefore,  that  pebble-beds 
were  formed  near  high  ground  where  running  water  has  more  power. 
The  highest  mountains  in  the  world  were  seen  from  Sahibgunge  on 
the  10th  of  February,  distant  about  200  miles  northwards.     At 
Sahibgunge  is  a  low  range  of  whinstone  hills  much  furrowed  by 
rains ;  rolled  stones  are  gathered  for  ballast  and  for  other  uses.     All 
that  I  saw  were  waterwom.     I  could  see  nothing  like   a   terraced 
sea-margin  there  or  on  the  foot  hills  of  the  Himalayas  opposite  or 
anywhere  in  India.     The  terraces  of  Cashmere  are  therefore  marks 
made  by  the  lake,  not  marks  of  the  sea.     1  have  heard  them  quoted 
as  marks  of  "  the  Deluge.*'    From  the  Ganges  to  the  foot  hiUs  for 
140  miles  the  land  is  alluvial,  with  scarce  a  pebble  in  the  river-beds. 
The  Terai  at  the  hill-foot  is  a  belt  of  jungle  like  the  country  near 
Dehra.    As  at  three  other  hill-stations  the  Himalayas  rise  steeply 
from  the  Terai,  and  they  are  equally  furrowed.     High  up  in  these 
furrows  rest  stones  as  big  as  the  biggest  at  Xangra.     They  are 
remnants  of  landslips  left  by  rains  which  washed  down  finer  stuflf 
into  the  Terai.     The  rocks  are  chiefly  gneiss,  which  weathers  to  a 
brown  mud,  with  mica  in  it  and  quartjs  grains.     I  recognized  these 
decomposed  materials  on  my  return,  blowing  in  clouds  before  a 
strong  breeze,  about  the  banks  of  the  Ganges.    The  wind  rippled  the 
gand  and  packed  mica  in  the  troughs  of  miniature  waves.     In  many 
other  parts  of  India  sand-dnfts  are  on  a  large  scale.     In  accounting 
for  the  plains  the  action  of  the  wind  must  be  considered.    At  twenty 
miles  from  the  hills,  within  sight  of  the  snows,  river-gravels  are 
small  pebbles  of  gneiss.     From  Hooker's  Journals  and  the  accounts 
of  residents  and  travellers  I  learned  that  the  largest  river-beds  in 
this  part  of  India  are  of  the  same  character.     There  are  no  large 
stones,  no  deposits  of  glacial  boulders,  even  about  the  exit  of  the 
Brahmapootra,  which  rises  close  to  the  sources  of  the  Indus  and 
Sutlej  and  flows  eastward  through  Thibet  till  it  finds  a  passage  into 
the  Indian  plains.     So  far  as  I  can  read  the  record  on  the  plains 
between  Kavee  and  the  Brahmapootra,  there  never  has  been  a  large 
Thibetan  glacier  behind  the  Himalayas.     There  is  nothing  about 
the  Punjab,  as  in  Assam,  and  there  is  nothing  about  the  mouth  oi 
the  Yangtsekiang  in  China  or  the  Pearl  River  in  Canton  to  show 
that  Central  Asia  was  under  a  "  continental  ice-sheet."     It  is  often 
mentioned  in  books.    The  mouths  of  all  the  great  Asian  rivers  that 
flow  eastward  and  westward  and  southward  are  like  the  Ganges 
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delta.  The  delta  of  the  Dwina  is  strewed  with  glacial  drift.  The 
Ganges  delta  clearly  is  a  mass  of  fine  materials  chiefly  washed  down 
from  the  Himalayas  hy  rains  and  deposited  in  the  sea. 

39.  Siccim, — In  trarelling  40  miles  from  the  plains  np  to  Dar- 
jeeling  on  foot  and  on  horseback  I  foand  only  marks  of  great  pluvial 
erosion.  If  Kanchinjxmga  were  many  thousands  of  feet  lower,  and 
if  the  plains  of  India  were  leyel  with  this  hill-station  and  reached 
to  Thibet,  the  views  of  Kanchinjnnga  and  Siccim  might  be  compared 
to  the  famed  look-out  from  the  church-tower  at  Novara  in  Lombardy. 
Daijeeling  is  7167  feet  above  the  sea,  and  a  hill  behind  the  station 
on  the  same  ridge  is  8606.  The  rainfall  at  places  near  is  about 
200  inches.  These  spots  are  on  the  edge  of  the  basin  of  the 
Teesta,  which  is  about  80  miles  long,  50  miles  wide,  and  27,000 
feet  deep,  according  to  the  map.  Prom  Daijeeling  the  ridge 
slopes  down  about  6000  feet  in  four  horizontal  miles  to  the  Eun- 
geet,  which  is  a  branch  of  the  Teesta.  The  whole  drainage 
escapes  into  the  Terai  through  a  narrow  V  gorge.  On  the  opposite 
north  bank  of  the  Kungeet,  Eanchinjunga  and  a  range  of  high 
grounds  extending  £.W.  slopes  upwards.  The  highest  peak  is 
28,150  feet  high,  distant  44  miles  on  the  map.  Behind  the  range 
is  that  of  Mount  Everest,  the  highest  in  the  world,  masked  by  Kan- 
chinjnnga. The  rest  of  the  edge  of  this  great  hollow  is  a  high 
jagged  sierra  towards  Thibet,  and  a  ridge  about  as  high  as  the  Dar- 
jeeling  ridge,  which  divides  the  Teesta  basin  from  the  next  basin 
which  is  eastward,  in  Bhotan.  Beyond  the  southern  edge  of  the 
Siccim  basin  there  is  no  land  southwards  except  the  low  plains  of 
India.  The  basin  of  Siccim  therefore  holds  a  confined  lake  of  air 
which  belongs  to  the  cold  regions  of  high  central  Asia,  as  the  waters 
in  it  belong  to  surroimding  snows.  The  result  is  that  a  regularly 
intermitting  cold  wind  pours  out  of  these  Himalayan  basins  with 
their  rivers.  At  Hirdwar  the  wind  is  called  tlie  "  Dalu,"  and  is 
regular  for  months.  It  begins  some  three  hours  after  sunset  and 
ends  about  three  hours  after  sunrise.  At  Dhada  a  similar  river  of 
cold  air  flows  out  of  the  gorge,  and  is  visible  with  mist  from  Eangra 
in  the  morning.  The  lower  air  in  these  basins  often  is  full  of  clouds 
and  haze  and  dense  mists,  while  the  air  above  7000  to  8000  feet  is 
dear.  At  sunrise  the  river-courses  in  Siccim  for  eighty  miles  are 
often  filled  with  flat  grey  clouds  to  a  depth  of  some  thousands  of  feet. 
They  mark  out  the  course  of  the  stream  of  cold  air ;  they  also  mark 
out  the  course  for  local  glaciers,  if  they  were  now  to  fill  &ese  gorges 
on  the  scale  of  glaciers  which  filled  SciEmdinavian  dales  during  the 
Scandinavian  local  glacial  period.  When  the  air  is  warm  at  sunrise 
this  deluge  of  mist  often  is  6000  or  7000  feet  deep.  Then  it  shows 
what  the  basin  would  be  like  if  a  glacial  period  filled  it  with  vapour 
carried  by  winds  from  the  southern  ocean  condensed  and  frozen. 
Sometimes  it  is  possible  to  look  out  from  these  Indian  hill-stations, 
over  flat  clouds  which  roof  the  plains,  and  to  realize  what  is  meant 
by  a  *'  continental  ice-sheet "  ten  thousand  feet  thick  and  an  ice- 
cap smothering  the  world.  When  the  risen  sun  shines  into  the 
Teesta  basin  the  lake  of  vapour  boils.     Clouds  rise  and  climb  up  all 
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Bouthem  slopes,  and  up  the  faoe  of  Kanohinjunga^  till  tiiey  reach  the 
tops  and  the  ico,  and  rise  high  above  the  soHd  earth  to  30,000  or 
40,000  feet  and  fly  away.  By  watehing  for  a  fortnight  I  managed 
to  see  most  of  this  Teesta  basin  and  its  edges  and  hills,  in  Bhotan 
25,000  feet  high;  distant  more  than  200  miles  beyond  the  edge  of 
Biccim.  I  could  see  three  glaciers  on  the  southern  face  of  Eanchin- 
junga  with  their  cracks  and  moraines,  and  with  large  blocks  of  fallen 
stone  resting  upon  them  in  fresh  snow.  The  biggest  glacier  is  only 
about  8  miles  long  on  the  map.  Awiay  towards  Thibet,  I  saw  greato: 
snow-slopes  at  the  edge  of  the  Teesta  basin,  and  recognized  the 
ground  described  by  Hooker  and  Dr.  Campbell,  by  Mr.  W.  T. 
Blanford  and  others.  It  is  a  narrow  high  country  of  glaciers  and 
old  glacier-marks,  with  numerous  small  lakes  in  it,  all  near  to  the 
highest  grounds  about  the  serrated  edge  of  the  basin  70  or  80  miles 
away.  All  the  rest  of  the  hollow,  about  2000  square  miles,  below 
12,000  or  14,000  feet,  is  one  great  series  of  rain-furrows  like  those 
which  I  had  seen  in  the  north-west  at  three  other  hiU-stations. 
The  Darjeeling  ridge  is  like  the  roof  of  a  house,  6000  feet  high,  and 
all  the  other  ridges  are  like  it.  The  beds  of  gneiss  pass  horizontally 
through  sections  made  at  the  top  of  the  A  to  make  room  for  a  house 
to  stand  on  the  ridge.  Eastward  at  sunrise  I  saw  a  serrated  ridge 
of  snow-hills  at  the  watershed  of  Thibet,  and  a  series  of  ridges  with 
a  pretty  regular  slope  southward,  to  show  what  the  Himalayan  slope 
may  have  been  like  before  it  was  furrowed  by  rains.  As  icicles 
under  the  eaves  are  to  the  roof  of  a  house,  so  are  these  big  glaciers 
to  the  rest  of  the  hill-country.  They  may  have  shrunk,  they  may 
be  growing  locally  or  generally ;  but  these  glaciers  of  Siccim,  which 
are  the  nearest  to  the  eciuator  of  any  known,  are  near  their  extreme 
size.  There  are  no  marks  of  any  glaciers  on  the  scale  of  the 
morning  mists,  which  mark  out  the  beds  for  glaciers  on  the  scale 
required]  by  the  Glacial  period  in  India.  The  place  where  the 
Teesta  enters  the  Terai  is  incomparable  to  Ivrea  in  Italy  (see  Section 
Y.  for  the  records  of  glaciers  there). 

40.  This  may  show  that  climate  does  not  depend  upon  latitude. 
At  Darjeeling  my  glass  marked  23°  at  sunrise  on  the  6th  of 
February,  1877 ;  on  the  8th,  40  miles  away,  it  marked  58^  in  the 
Terai.  At  Calcutta  it  marked  60°  for  a  week  at  sunrise,  while  snow 
fell  heavily  at  7000  feet  at  Darjeeling.  On  ground  only  44  miles 
away  from  Darjeeling,  at  28,150  feet,  the  snow  never  melts,  and 
glaciers  exist.  At  Calcutta  punkhas  are  used,  while  the  Bhotias 
wear  blanket-frocks  and  furs,  and  cover  their  brown  faces  with  black 
unguents  to  prevent  frost-bite.  A  local  glacial  climate  is  between 
lat.  28°  and  27°  N.  I  left  a  region  of  mist  and  cloud  for  a  place  where 
horses  wear  solar  topes  and  die  of  sunstroke  in  the  streets ;  within 
two  months  I  was  about  lat.  45°  or  46°,  where  my  glass  read  about 
50°  at  the  foot  of  the  Alps  at  sunrise.  The  climate  at  Aosta  is  not 
much  colder  than  the  climate  at  Darjeeling.  My  glass  was  at  35° 
and  it  snowed  heavily  at  Ivrea  on  the  17th  of  April.  Snow  lay 
on  Mount  Ida,  on  Etna,  and  Calabria  in  the  same  month ;  and  snow 
fell  at  Malta  in  the  end  of  March  about  the  latitude  of  Cashmere. 
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41.  Summary, — "j^  the  ice^cap  ever  came  down  from  the  north 
pole  to  the  equator^  it  must  have  come  down  from  Central  Asia  over 
the  Himalayas"  There  is  no  trace  of  it  on  a  band  of  country'  mea- 
Bured  by  fifteen  degrees  of  longitude  between  points  in  Cashmere  and 
in  Bhotan.  There  is  no  trace  of  it  in  the  Caucasus,  in  the  Crimea,  in 
the  Alps,  or  in  the  Eocky  Mountains  of  America.  If  a  late  "  Glacial 
period  "  existed  all  record  of  it  that  remains  below  lat.  32°  in  India 
is  on  a  narrow  belt  some  few  miles  wide,  and  possibly  6000  feet 
deep,  round  the  edges  of  river-basins,  and  near  glaciers  which  I  saw 
at  a  distance  from  four  hill-stations  in  the  Himfidayas^  from  Kangra, 
Simla,  Landour,  and  Darjeeling. 

42.  Weather, — Glaciers  flow  like  rivers,  and  like  them  are  subject 
to  speates  and  inundations  which  depend  upon  the  weather.  The 
first  glacier  I  ever  touched  had  taken  a  late  fit  of  advancing,  and 
had  ploughed  up  green  pastures  and  turf.  It  had  then  melted  away, 
leaving  stones  which  it  carried  on  the  surface  upon  stones  over 
which  it  had  passed.  There  was  a  wide  hollow  area  of  bare  wet 
muddy  rubbish  in  front  of  the  ice.  After  1841  most  glaciers  on  the 
north  side  of  the  Alps  advanced,  and  many  of  them  ploughed  up 
pastures.  After  a  time  most  of  them  retired.  Those  which  had 
come  down  steep  slopes  now  end  at  the  top,  a  long  way  and  a  stiff 
climb  above  their  old  limit.  Those  which  had  advanced  are  now  a 
great  deal  shorter  than  they  were,  and  their  limits  are  marked  by 
their  moraines,  and  remembered  for  the  damage  done.  I  have  no 
statistics ;  but  the  facts  are  well  known  to  Alpine  travellers.  I  have 
DO  explanation  to  ofier ;  but  this  change  manifestly  depends  upon 
^  the  weather^"  not  upon  astronomical  causes.  From  some  atmo- 
spheric cause  the  rainfall  of  Southern  India  failed,  and  caused  a 
fjBLmine  in  1876  and  1877,  while  the  winter  in  Britain  was  unusually 
wet  and  the  land  was  flooded. 

That  is  enough  to  show  that  marked  changes  in  Himalayan 
glaciers  may  also  result  from  common  atmospheric  causes,  and  that 
the  amount  of  change  recorded  does  not  require  an  abnormal  Glacial 
period.  Since  1841  a  small  Caucasian  glacier  slid  and  tumbled 
dovm  at  a  fork  upon  a  branch,  which  advanced  a  long  way  and 
threatened  the  road  in  the  Dariel  pass.  For  that  reason  the  glacier 
was  surveyed,  and  the  changes  were  recorded.  The  Caucasian  glacier 
and  the  Alpine  glaciers  have  gone  on  flowing  as  usual,  and  their 
changes  have  been  noted.  Changes  in  Himalayan  glaciers  have  not 
been  noted,  but  they  resemble  river-floods.  Within  certain  limits 
they  depend  upon  the  weatber.  Within  the  life  of  men  still  living 
the  weather  on  the  weait  coast  of  Scotland  has  changed  for  the  worse, 
so  as  to  destroy  some  garden  plants  altogether  and  to  spoil  crops. 
The  change  has  been  noted  only  by  those  whom  it  chiefly  concerned, 
by  men  who  have  lived  at  the  place  all  their  lives ;  the  rest  of  man- 
kind probably  know  nothing  about  these  changes  of  Scotch  climate. 
According  to  Icelandic  Sagas,  the  coasts  of  Greenland  onco  were 
accessible  and  habitable,  where  floating  ico  now  makes  navigation 
almost  impracticable,  where  cultivation  has  ceased  altogether,  and 
civilized  men  havo  ceased  t»  live.     Yet  the  world's  climate  remains 
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the  same,  so  far  as  men  know.    These  changes,  great  and  small, 
recent  and  remote,  are  all  local,  and,  so  far  as  I  know,  they  are  atmo- 
spheric.    When  at  Simla  in  October  1876,  "  the  end  of  the  8.W. 
monsoon  came  after  date."     I  saw  it  come.     On  the  9th  a  lot  of 
small  clouds  floating  above  the  hills  at  about  25,000  feet  came  from 
Thibet ;  the  N.E.  wind  had  begun.    The  sky  was  dear  above  in  the 
N.E.  wind  above  7000  feet.    Below  Simla  on  the  plains  the  air  was 
damp,  thick,  hot,  and  stagnant.    Thunder-storms  flashed  at  night. 
The  10th  and  the  11th  were  alike.     The  N.E.  dry  wind  poured 
slowly  down  the  Himalayan  slopes.     On  the  12th  it  rained  and 
thundered  at  Simla.     On  the  13th  and  14th  it  poured.     The  15th 
and  16th  were  fine  days.     On  the  17th  it  rained.     On  the  18th, 
19th,  and  20th  it  was  clear  about  Simla.    After  that  the  air  was 
clear  and  dry  for  many  months  about  the  hills.     On  the  8th  a  heavy 
fall  of  rain  began  at  Allahabad  ;  eight  inches  fell  in  24  hours.     On 
the  12th  there  was  bad  weather  further  south;  along  the  coast 
Yizapatam  was  inimdated,  sepoy  lines  were  destroyed,  and  many 
lives  were  lost.    On  the  2l8t  a  great  circular  storm  took  an  abnormjJ 
course  in  the  Bay  of  Bengal,  and  the  wave  which  it  dragged  along 
swamped  the  coast  of  the  Ganges  delta.     About  300,000  persons 
perished.    But  all  this  was  the  result  of  a  slight  variation  in  the 
world's  "  weather,"  a  cold  "  down  rush  "  of  air  stirred  up  still  air 
and  precipitated  moisture.     An  equal  quantity  of  snow  would  have 
mode  a  glacier  grow  abnormally,  as  I  suppose,   because  of  the 
weather.    At  page  248,  vol.  i.  of  Hooker's  Journals,  from  8000  to 
10000  feet  is  said  to  be  the  limit  of  ancient  glacial  marks  observed 
in  Siccim  and  NepaL     The  largest  and  lowest  moraines  were  on 
very  steep  ground  on  the  northern  shaded  side  of  the  Kanchinjungs 
range  behind  Jumnoo.     A  small  glacier  is  on  the  southern  sunny 
Slope  of  that  peak,  which  is  25,804  feet  high,  and  larger  glaciers  are 
on  the  north  side.     From  13,000  to  14,000  feet  is  about  the  Umit 
of  existing  glaciers  in  these  regions,  according  to  the  distinguished 
author  who  discovered  and  described  them.    That  gives  a  marginal 
diflerence  of  6000  feet  at  most.    According  to  Hooker,  glaciers  in 
the  N.W.  Himalayas  reach  from  8000  to  7000  feet.    According  to 
Major  Godwin- Austen  marks  are  found  at  5000  feet  above  the  sea. 
That  gives  a  difference  of  3000  feet  at  most.    But  cliffe  on  Kanchin- 
junga  which  are  so  steep  that  snow  cannot  rest  on  them,  are  nearly 
as  high  as  this  msrgin  of  from  6000  to  3000  feet  of  vertical  shrinking. 
But  14,000  feet  of  height  may  mean  two  and  three  quarters  or  four 
miles  on  a  map,  in  the  highest  Himalayan  regions  where  gladere 
exist  and  where  old  marks  are  found.    A  sudden  d^acle  would  send 
down  a  moraine  that  far ;  a  glacier  might  slip  as  much.     Photo- 
graphs of  Indian  ice  show  the  same  character  which  is  seen  from 
Darjeeling.     The  glaciers  end  in  narrow  V  gorges,  and  then  turn 
into  streams  which  flow  on  very  steep   slopes.     In  Scandinavia 
glaciers  commonly  end  in  wide  flat  dales  v./,  in  which  their  streams 
have  cut  small  shallow  water-furrows.     Old  marks  of  Scandinavian 
glaciers  extend  from  the  ice  to  the  sea,  along  flat  dales  into  fjords, 
and  out  of  them  up  over  islands  as  far  as  islands  rise  above  the  sea, 
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for  §ome  hundred  of  miles.  There  is  one  continuous  record  of  ice- 
action  engraved  upon  solid  rocks  from  the  DovreQeld  to  the  mouth 
of  the  Christiania  Qord.  The  whole  of  Finland  is  glaciated,  and 
finnish  erratics  are  far  down  in  Northern  Germany.  If  this  and 
Alpine  ice- work  on  a  large  scale  be  due  to  a  "  Glacial  period,"  similar 
work  ought  to  be  found  near  the  Kanchinjunga  glaciers ;  but  there 
is  nothing  of  the  kind  there  or  in  India  anywhere  south  of  lat. 
32°  30^.  In  the  paper  numbered  8,  in  mention  of  a  deb&cle  caused 
by  an  earthquake  at  Ararat,  a  flood  of  snow  ice,  water,  mud,  and 
great  stones  flowed  twelve  miles  along  a  flat  valley  in  a  few  hoars, 
and  there  left  a  record  which  can  hardly  be  distinguished  from 
normal  glacier  work.  Such  a  debacle  might  go  down  12,000  feet  in 
India.  Earthquakes  frequently  occur  in  the  Himalayas  and  near 
tiiem.  One  happened  in  February  1877  beside  Kanchinjunga,  where 
glaciers  hang  at  an  edge.  This  cause  and  consequent  abnormal  d^- 
bAdes  must  be  considered  in  accounting  for  masses  of  rubbish  which 
look  like  moraines  in  improbable  places.  Major  Godwin- Austen  foimd 
marks  amongst  lower  hills  near  the  head  of  the  Bay  of  Bengal,  which 
he  then  supposed  to  be  ^'  moraines."  He  found  no  scratched  stones 
in  them.  Hooker  foond  no  glacial  marks  at  the  foot  of  higher  hills 
farther  north  in  the  same  line ;  I  found  none  up  to  lat  32°.  I  think 
it  possible  that  even  Major  GodA^in-Austen,  a  skiUed  observer,  may 
have  been  influenced  by  the  prevailing  belief  in  the  "  Glacial  period," 
which  has  so  often  influenced  me. 

Since  the  glacial  theory  took  hold,  the  flrst  impulse  commonly  is 
to  account  for  any  abnormal  deposit  of  large  stones  and  debris  by 
glacial  action;  but  when  the  work  of  floods  has  been  seen,  that 
impulse  is  checked.  I  have  learned  that  by  many  mistakes  of  my 
own.  Weather  has  changed  the  position  of  ice  in  the  Alps,  in  the 
Caucasus,  and  in  the  sea  within  living  memory  and  historic  times ; 
but  the  world's  climate  remains  the  same  nevertheless,  so  far  as 
meteorologists  inform  us. 

lY.  India. — Pluvial  Erosion. 

43.  So  far  I  have  been  obliged  to  follow  the  example  of  old 
Nicholas  Horrebow  in  his  chapter  on  Snakes  : — "  There  are  no  snakes 
in  Iceland;"  and  I  saw  no  records  of  a  glacial  period  in  India.  That 
which  I  did  see  and  hear  of  is  vast  pluvial  erosion  proportioned  to 
vast  yearly  floods.  The  side  of  one  gorge  measured  by  a  surveyor 
rises  14,000  feet  in  a  mile  and  three  quarters  on  the  map.  I  saw 
Nunda  Devi,  Jumnutri,  Gungutri,  Kanchinjunga,  the  Dhaoladbar 
slopes,  and  others  which  are  on  this  sort  of  scale.  About  14,000 
feet  in  four  horizontal  miles  is  the  slope  at  Xangra. 

All  the  hill-country  that  I  looked  over  is  furrowed  like  a  ploughed 
field ;  and  where  I  was  able  to  trace  the  structure  of  the  rock,  every 
furrow  was  carved  out  of  the  solid.  Every  furrow  that  reaches  to  a 
plain  ends  at  the  apex  of  a  large  growing  delta  (A).  Given  years 
enough,  and  the  largest  of  these  Himalayan  furrows  would  result 
from  the  cause  which  cut-s  the  smallest  during  showers.  In  North 
America  the  Grand  Canon  of  the  Colorado  is  all  water-work. 


Digitized  by 


Google 


126  J.  f,  CAMPBfiLL  OK  GLACIAL  PERIODS. 

according  to  experts.  In  Asia  the  Sutlej  valley  and  others  are  on  a 
greater  scale  of  length  and  depth.  But  such  carving  implies  chips 
in  proportion  and  long  time  for  slow  work. 

The  foot  hiUs  of  the  Himalayas  are  "Tertiary  rocks,"  generally 
known  as  Bhivaliks.  They  belong  to  periods  of  large  animals.  In 
Europe  such  animals  belong  to  the  period  dated  Pliocene  ;  Shivalik 
fossils  are  dated  Miocene  at  the  Britbh  Museum ;  Mr.  Medlicotf s 
map  gives  subdivisions.  Taken  together  they  are  of  great  thickness ; 
Mr.  Theobald  estimates  them  at  ten  thousand  feet.  They  have  been 
crumpled  up  against  older  beds  in  the  higher  ranges  and  faulted 
parallel  to  the  folds  according  to  the  map.  Sections  are  exposed 
in  river-courses  and  along  roads ;  they  consist  of  brown  and  grey 
soft  sandstones  and  mudstones,  with  beds  of  hard  rolled  pebbles  in- 
terstratified  and  associated  with  the  soft  sandstones.  In  travelling 
up  and  down  hill  at  four  hill-stations,  I  crossed  these  Shivaliks  eight 
times,  where  fresh  sections  were  exposed.  In  these  beds  I  saw  all 
known  marks  of  the  action  of  water  flowing  from  the  hills  towards 
the  plains.  I  saw  false-bedding  as  conspicuous  as  it  is  in  the  banks 
of  the  Ganges,  in  sandstones  and  mudstones  like  Ganges  sand  and 
mud.  I  saw  pebbles  sized  and  packed  like  eggs  in  a  basket,  with 
the  long  axis  pointing  towards  ihe  plains,  and  decreasing  in  size  as 
the  distance  from  the  hills  increased  on  a  journey  of  70  miles  from 
Eangra  to  Hosiarpur.  When  first  I  saw  these  pebble-beds  near  Dehra, 
having  no  knowledge  of  them  at  all,  I  took  them  for  high  river- 
gravels.  When  first  I  saw  the  beds  near  Eangra  in  the  dusk  I 
thought  I  had  found  boulder-day  and  a  moraine. 

In  the  bent  faulted  folds  of  this  series  of  rocks  is  a  clear  record  of 
action  like  that  of  rivers  which  now  flow  through  the  Shivalik  hills 
to  the  plains.  Taken  together,  all  existing  Himalayan  rivers  are 
building  a  compound  delta  which  is  as  wide  as  the  length  of  the 
range,  long.  7^-100^  E.  The  Terai  is  a  region  of  wet  ground 
twenty  or  thirty  miles  wide  at  some  places,  where  water  is  dose 
under  the  surface,  where  grasses  grow  thickly  to  a  height  of  twenty 
feet  in  a  tangled  rank  forest  bound  with  creepers.  In  that  un- 
healthy region  great  wild  beasts  abound — elephants,  rhinoceroses, 
tigers  and  the  prey  of  tigers,  wild  cattle  of  great  size,  deer,  and  so 
on.  This  belt  of  wild  country  or  "Jungal"  coincides  with  the 
growing  and  mingling  deltas  which  the  rains  are  incessantly  washing 
out  of  furrows,  wMch  rivers  deepen  and  scour  incessantly  or 
periodically,  according  to  their  length  and  size.  The  Tertiary  rocks, 
when  I  got  to  know  them  better,  seemed  to  be  a  portion  of  an  old 
plain  terai  of  deltas  crumpled  up  and  broken.  The  "  Collino  "  of 
Turin  and  hills  south  of  the  Caucasus  are  something  of  the  same 
kind,  and  the  formation  extends  far  south  in  Italy.  But  if  this  be 
so,  tiien  all  this  mass  of  rolled  stuff,  mud,  sand,  gravel,  pebbles, 
shingle,  and  large  rolled  stones.  Tertiary  and  Recent  stuff  of  the 
same  land,  the  Kangra  big  stones,  the  Ealka  stone  of  1876,  the 
lowest  bed  in  the  Shivalik  series,  and  the  last  grain  of  mud  in  the 
Bay  of  Bengal  are  chips  recording  chiefly  Himalayan  erosion.  The 
stuff  was  carved  out  of  the  valleys,  and  chiefly  by  rains.     I  have  been 
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told  on  the  ground  that  tho  Shivaliks  are  <^  Moraines  of  the  Glacial 
period/'  and  that  the  Turin  Miocene  marine  deposit  records  the  ac- 
tion of  ice.  I  could  find  no  trace  of  glacial  action  in  these  Tertiary 
rocks  of  India. 

The  fossils  of  the  series  have  been  described.  lists  comprise 
elephants  of  many  kinds,  rhinoceros,  camels,  alligators^  gigantic 
tortoises,  camivora  and  their  prey,  extinct  creatures  closely  allied  to 
those  livhich  haunt  the  hot  delta  region  of  the  Terai,  below  the  foot 
hills  in  the  plains.  I  saw  a  camel  expiring  on  the  shingle  of  a 
riTer-bed  near  Noorpoor,  to  show  how  the  bones  of  his  ancestors  got 
buried  by  floods  of  old.  So  far  as  I  can  learn,  no  marine  remains 
have  been  found  amongst  these  Tertiary  rocks,  and  no  scratched  stones. 
1  watched  for  old  sea-margins  everywhere,  and  saw  nothing  like  the 
terraced  forms  which  are  so  conspicuous  in  other  parts  of  Uie  world, 
where  sea-«hellB  prove  raised  sea-margins,  and  show  that  the  level  of 
the  sea  and  land  has  recently  changed.  Ceylon  has  risen,  the  Runn 
of  dutch  has  certainly  gone  down  in  late  times.  So  far  as  I  can 
judge  from  my  own  inspection  of  these  Shivaliks,  and  from  reading 
and  conversation  with  experts,  there  is  nothing  in  this  Tertiary 
geological  record  to  show  diat  any  great  change  of  climate  or  level 
has  occurred  in  the  region  next  below  the  Himalayas  since  the 
Shivaliks  began  to  be  deposited  there  by  rivers.  All  signs  of  a  long- 
eontmued  aqueous  erosion  in  a  hot  climate  abound  in  the  record. 
The  chips  are  proportioned  to  the  carving  which  I  saw,  and  which 
I  believed  to  be  the  work  of  rain  when  I  left  the  hills.  There 
is  no  sign  of  a  glacial  period  in  the  Tertiary  rocks  or  in  the 
superficial  geology  of  India,  so  far  as  I  have  been  able  to  learn. 
The  <*Talchir  boiUders  "  (21)  associated  with  Indian  coal  in  lower 
Tertiary  rocks  vnthin  the  tropics  remain  to  be  explained.  I  strongly 
suspect  that  striation  will  turn  out  to  be  caused  by  something  non- 
glaeial,  and  that  the  term  '^  Glacial  period  "  has  biassed  opinion 
in  this  case. 

V.  Europe, — Companion. 

44.  On  the  way  from  London  to  India,  vid  Brindisi,  a  great  deal 
of  the  world's  surface  is  rapidly  seen  between  lat.  60°  and  40®  N, 
Any  wide  surface  which  nearly  coincides  with  the  curve  of  the  sea 
suggests  the  sea.  The  plains  of  France  have  been  little  eroded  by 
rivers ;  they  end  at  the  semblance  of  an  old  coast-line  at  the  station 
next  to  the  Alps ;  thence  the  hiUs  have  the  shape  of  glaciation. 
They  are  carved  out  of  crumpled  folds  in  beds  of  rock,  most  of  which 
were  deposited  at  the  bottom  of  the  sea.  In  similar  latitudes  on 
the  opposite  coasts  of  Newfoundland  marine  ice  in  all  conditions  is 
at  work  on  a  large  scale.  If  the  land  were  as  high  as  the  Alps, 
j^aciers  would  probably  reach  the  sea.  J.  Milne,  Esq.,  F.G.S.,  now 
Professor  of  Geology  in  Japan,  describes  what  he  noticed  in  New- 
foundland*. What  I  noticed  there  is  described  in  'Frost  and 
Fire,'  1862. 

*  *  Qeological  Magazine/  Julj,  Augost,  and  September,  1876. 
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Folds  in  the  Btructore  of  disturbed  rocks  are  very  plainly  seen  on 
both  sides  of  the  Atlantic,  and  they  do  not  correspond  to  the  outer 
surfSace  on  either  side  of  the  ocean.  From  the  valley  of  the  Bhone 
and  from  Lake  Bourget,  at  Aix-les-Bains,  all  the  way  up  to  Mount 
Cenis,  up  a  rise  of  about  2300  feet,  and  down  again  to  the  plains 
of  Lombardy,  at  Rivoli,  glacial  marks  were  conspicuous  during  an 
express-train  run  of  about  10  hours.  Moraines  and  moraine  stuff, 
big  stones,  glaciated  rock-surfaces,  and  later  water-furrows,  with  their 
deltas,  are  conspicuous  between  the  tunnel  and  Turin,  in  the  valley 
and  on  its  sides  and  in  railway-works  :  the  record  is  very  plain.  I 
judged  that  a  glacier  was  more  than  2000  feet  deep  when  it  reached 
the  plain  at  Bivoli.  That  plain,  again,  suggests  standing  wat^r  by 
its  flatness  ;  it  looks  like  a  bit  of  the  bottom  of  the  sea.  From  the  sisse 
of  the  water-furrows,  the  Italian  glacier  melted  a  long  time  ago.  All 
these  ridges  and  rock-grooves  bear  records  of  erosion  by  flowing  ice  and 
by  running  water.  They  certainly  are  not  folds  in  the  folded  beds  of 
which  these  highlands  are  made.  The  latest  glacial  record  has  been 
partially  destroyed  by  water ;  but  so  long  as  scratched  stones  and 
erratics  remain  on  the  surface  and  ridges  and  grooves  retain  their 
curved  section,  this  record  may  be  deciphered  by  experts.  It  has 
been  read  by  many.  From  the  base  of  the  Alps  to  the  end  of  Italy 
water-furrows  become  more  and  more  conspicuous ;  but  from  the 
general  outline  of  these  highlands,  it  seems  probable  that  experts 
may  yet  And  ice-marks  where  snow  falls.  Snow  falls  and  outlasts 
summer  on  Greek  hills  and  on  Candia,  whose  top  is  about  level  with 
DarjeeliDg.  Snow  fell  at  Malta  in  April,  1877.  On  the  American 
coast  of  the  Atlantic  ice  was  at  work  down  to  the  latitude  of  Suez, 
30*^,  about  Charleston.    But  the  world's  climate  had  not  altered 


The  slopes  of  Vesuvius,  Stromboli,  and  Etna,  the  coasts  of  the  Bed 
Sea,  and  the  Arabian  volcanic  island  of  Gib-el-tir,  are  newly-formed 
volcanic  surfaces  or  spots  in  the  hottest  and  driest  of  known  dimatee* 
There  is  no  question  of  recent  glacial  action  on  these  surfaces.  The 
wearing  certainly  is  water-work  with  which  to  compare  other  worn 
surfaces.  The  African  Red- Sea  coast  is  chiefly  horizontal-bedded 
rock,  much  furrowed  vertically  by  occasional  heavy  rains.  Gib-el- 
tir  is  surrounded  by  a  raised  sea-margin,  comparable  to  others  on 
the  Atlantic  coast  or  elsewhere,  between  the  North  Cape  of  Europe 
and  the  base  of  the  Alps.  This  volcanic  island  has  been  raised 
bodily  after  it  had  been  worn  all  round  by  waves  at  the  old  sea-leveL 
One  side  is  a  "Cliff  and  Talus,*'  a  recent  fracture  undermined 
by  waves  and  furrowed  by  rains.  The  fresh  fracture  has  been 
freshly  worn  and  shows  the  structure  of  a  cone  of  eruption  which  is 
900  feet  high,  and  smokes  occasionally  still,  according  to  the  charts. 

The  temperature  of  sea-water  was  90°,  according  to  the  log  of  the 
engineer  of  the  '  Hydaspes,'  in  September  1876,  at  the  end  of  the 
Red  Sea. 

On  my  return  to  Europe  in  April  1877,  only  two  months  from 
Darjeeling,  I  took  a  cast  through  Northern  Italy  to  compare  the  base 
of  the  Alps;  about  lat.  45^-46''  N.,  with  the  base  of  the  Himalayas 
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between  27°  and  32°  N.,  with  the  Kooky  Mountains  about  36^  N., 
and  with  the  base  of  the  Caucasus  about  40""  N.  From  Genoa  the 
railway  goes  from  the  sea-level  up  a  watercourse  to  a  watershed  and 
down  another  riyer-course  to  the  plains.  These  main  streams  flow 
in  channels  with  steep  rocky  sides,  cut  through  bedded  rooks  at  the 
bottom  of  curved  hollows  y,  which  have  also  been  scooped  out  of 
the  solid.  The  sides  of  these  curved  hollows  are  furrowed  by  branch 
ravines  V  o^  angular  section  cut  by  smaller  streams.  Near  Cannes 
are  glacial  marks.  Near  Genoa  are  remnants  of  thick  deposits  of 
large  stones  supposed  to  be  glacial  work.  I  suppose  that  the  general 
shape  of  these  wide  valleys  of  curved  section  is  due  to  old  glacial 
erosion,  and  the  smaller  angular  furrows  to  more  recent  rains.  I 
saw  no  valley  of  like  section  in  the  Caucasus  or  in  any  part  of  India, 
I  noticed  nothing  else  from  the  train  between  Genoa  and  Alexandria. 
Thence  the  line  runs  westward  to  Turin,  and  thence  I  went  east- 
ward as  far  as  Arena.  The  plain  countiy  is  as  flat  as  India ;  but 
pebbles  abound  in  Lombardy,  whereas  there  are  none  in  the  Indian 
plains.  Stones  used  for  road-making  about  Turin  differ  in  shape 
from  Shivalik  pebbles  used  for  the  same  purpose,  in  that  most  of 
them  have  flat  sides  and  some  are  scratched. 

I  took  the  liberty  of  waiting  on  Signer  Gastaldi,  who  was  kind 
enough  to  show  me  maps  of  the  country  north  of  Turin  and  to 
explain  ^em,  and  to  give  me  some  recent  publications  on  glacial 
subjects.  Moraines  near  Eivoli  were  conspicuous  objects  from  the 
train  which  carried  me  down  from  Mount  Cenis  to  Turin,  on  my  way 
to  India  in  September  1876.  About  Ivroa  the  glacial  stuff  mapped 
by  Signer  Gastaldi  extends  far  into  the  plains.  It  also  approaches 
Turin  from  the  north  and  east.  It  seems  as  if  an  estuary  of  large 
glaciers  had  converged  along  the  headwaters  of  the  Eiver  Po  on 
Lombardy.  Moraines  restoipon  clay  which  contains  marine  shells, 
of  which  many  kinds  stiU  live  in  the  Mediterranean  and  elsewhere. 
Similar  marine  deposits  underlie  similar  glacial  stuff  at  Come  and  else- 
where. These  marine  beds  are  dated  ^'  Pliocene."  No  such  beds  had 
been  found  along  the  base  of  the  Himalayas  when  I  was  at  Calcutta. 
I  heard  of  no  such  beds  when  I  was  at  Tiflis.  Hills  on  the  right  bank 
of  the  river  at  Turin  are  dated  "  Miocene."  They  are  made  up  of 
beds  of  clay,  sand,  rolled  shingle,  scratched  stones,  and  larger,  sub- 
angular,  smooth  blocks,  to  some  of  which  sea-shells  adhere.  It  is  a 
marine  formation  with  glaciated  stones  in  it.  The  roads  are  mended 
and  buildings  are  made  with  stones  taken  from  the  beds.  For  height, 
position,  shape,  and  structure  the  Turin  "  CoUino  "  is  comparable  to 
lower  ranges  in  the  Caucasus  near  Tiflis  and  to  the  Shivaliks  between 
Dehra  and  Eoorkee,  between  Eangra  and  Hosiarpur  (see  27, 32, 39). 
These  Italian  outliers  differ  from  the  others  in  the  shape  and  size  of 
the  stones  and  in  the  marine  fossils.  The  formation  is  sud  to  extend 
to  Calabria,  near  to  the  latitude  of  Simla.  From  these  **•  Miocene  " 
beds  to  the  moraines  of  existing  glaciers  these  Italian  deposits  record 
the  action  of  ice,  according  to  Italian  experts.  I  could  find  nothing 
glacial  in  similar  beds  south  of  the  Caucasus  or  south  of  the  Hima- 
layas.  It  is  enough  for  me  to  know,  from  the  writings  of  accomplished 
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geologists,  that  the  plains  of  Italy  were  under  the  sea  while  glaciers 
existed  on  the  Alps,  at  least  once  before  large  recent  glaciers  de- 
posited moraines  upon  beds  of  sea-shells  north  of  Turin  and  Milan, 
about  latitude  46^-46°  N.  My  theory  is  that  a  large  local  Buhmergenee 
of  Europe  ht  in  the  cold  Arctic  stream^  and  so  produced  a  heed  Euro^ 
pean  cold  climate  for  a  time,  during  wTUch  "  heal  European  glacial 
periods  "  Alpine  and  other  European  glaciers  grew  large  and  flowed 
far,  and  reached  the  sea-level  or  near  it  about  lat,  45^--46^  N.  It  is 
certain  that  parts  of  Italy,  Norway,  and  Scotland  have  risen  within 
the  period  of  history.  Land  may  have  sunk  and  risen  many  times 
while  beds  of  many  geological  dates  were  formed,  and  some  were 
folded  and  crumpled  in  Italy,  in  the  Caucasus,  and  in  India.  I 
suppose  that  the  last  general  rise  in  the  European  area,  which  is 
proved  by  recent  and  Pliocene  shells,  shunted  the  cold  stream  and  its 
climate  westwards  to  the  American  side  of  the  Atlantic,  and  by  so 
doing  restored  the  old  temperate  climate  to  Europe,  and  made  the 
Alpine  glaciers  shrink  to  Mont  Blanc,  Monte  Eosa,  and  other  high 
grounds,  where  they  remain.  The  Italian  record  supports  tMs 
theory. 

On  the  9th  and  10th  of  April  it  rained  heavily  and  snowed  on 
the  hills.  On  the  11th  I  went  up  a  thousand  feet  to  an  old  telegraph- 
tower  at  Alpina.  On  three  hundred  degrees  of  my  horizon  I  saw 
snowy  mountains.  A  slight  change  of  climate  would  bdng  back 
glacial  conditions.  The  shape  of  the  Alps  is  conspicuously  different 
from  the  shape  of  the  Himalayas.  The  slopes  are  not  nearly  so 
steep,  the  ravines  are  not  so  steep,  so  niunerons,  or  so  regular,  the 
larger  hollows  are  much  wider,  the  tops  are  rounder  and  broader. 
The  landscape  generally  has  fewer  angles  and  straight  lines  in  it  and 
more  curves.  At  a  few  spots  only  I  could  see  ridges  and  furrows 
of  the  normal  Himalayan  pattern,  the  work  of  recent  rains.  The 
12th,  13th,  14th,  and  16th  of  April  were  clear,  and  the  new  snow 
made  every  detail  of  form  conspicuous.  From  Turin,  from  the 
train,  from  hills  near  Ivrea,  and  from  Novara  I  saw  the  Alpine 
range  as  I  saw  the  Himalayan  ranges  only  two  months  before. 
The  sharpest  points  in  the  Alps  are  rather  conical  than  pyra* 
midal.  The  sky-line  is  less  deeply  notched.  The  sierra  is  more 
like  a  worn  blunt  cross-cut  saw  with  short  teeth  than  a  run-saw 
with  long  regular  teeth.  The  lower  slopes  seen  sideways  fade  away 
to  the  plains  instead  of  plunging  down  steeply.  Seen  from  Novara 
westward,  the  range  of  Monte  Hosa  is  more  like  the  Himalayan  tops. 
The  strata  are  seen  dipping  southwards,  and  their  flat  slabs  have 
weathered  into  pyramidal  tops.  But  even  these  slopes  are  not  neariy 
so  steep  as  the  sides  of  Nunda  Devi  and  Kanchinjunga.  If  the  island 
of  Candia  were  in  the  plains  of  Lombardy,  and  Novara  on  the  top  of 
Ida,  7624  feet  above  the  sea,  and  if  Monte  Bosa  were  12,944  feet 
higher  than  it  is,  then  the  famous  Itahan  view  of  the  Alps  might  be 
compared  to  the  view  from  Darjeeling.  Here  and  there  ridges  and 
furrows  and  peaks  of  the  Indian  pattern  are  visible ;  but  they  are 
exceptional  shapes  in  the  Alps,  not  a  rule  almost  without  exception, 
as  they  are  in  India.     Once  for  all,  the  general  shape  of  the  Alps, 
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which  are  glaciated,  differs  conspicuously  from  the  shape  of  the  Hima- 
layas and  the  Caucasus.  I  found  a  scratched  pebble  on  the  Turin 
Collino.  The  shape  of  the  larger  stones,  which  are  dug  out  of  tbe 
kQl  in  large  numbers  for  sale,  is  subangular.  This  upheaved  marine 
formation  dated  *'  Miocene  '^  suggests-  the  action  of  rivers  and  the  sea 
on  glaciated  stones.  The  stones  of  the  Shivaliks  surest  the  action 
of  running  wat^  only.  Experts  identify  the  Miocene  Turin  stones 
with  parent  rocks  in  the  Alus.  So  the  Alps  existed  and  glaciers 
were  on  them  in  Miocene  times.  The  Himalayas  also  existed  before 
the  Bhivalik  beds  were  formed ;  but  these  beds  bear  no  record  of 
any  great  change  in  the  Indian  dimate  or  of  large  glaciers.  At 
9ight  the  Alps  are  glaciated,  and  the  lower  Himalayas  are  not. 

On  the  12th  of  April  I  went  to  Ivrea.  The  place  is  situated,  like 
Hirdwar  and  Dhada  (27,  30),  on  the  banks  of  a  considerable  stream 
idiich  rises  amongst  glaciers,  and,  at  the  place  where  water  gathered 
in  a  considerable  basin,  pours  on  the  plain.  Prom  Hirdwar  to  the 
Ganges  glacier  is  about  a  hundred  miles.  From  Dhada  to  old  snow 
is  abont  four  miles.  From  Caluso  to  the  Col  du  O^ant  is,  roughly, 
alxmt  a  hundred  kilometres,  say  sixty  miles.  To  the  noribh  of  the 
Ganges  basin  is  the  Buspa  valley  with  glaciers  in  it  flowing  north- 
wards towards  the  Sutlej.  To  tiie  nor^  of  the  Col  du  G^ant  is 
the  Mer  de  Glace  flowing  northwards  towards  the  Bhone.  To  the 
Doith  of  Dhada  on  the  next  slope  beyond  the  Dhaoladhar  range 
are  many  large  glaciers  which  flow  towards  the  Bavee.  In  1841 1 
walked  over  the  Mer  de  Glace  and  the  Col  du  G^ant  and  saw 
small  glaciers  above  Aosta  shedding  their  moraines  southwards. 
Thence  down  to  Ivrea  glacier-marks  are  conspicuous  all  the  way. 
That  I  learned  in  1841.  Given  a  Glacial  period,  then  the  Ganges 
valley  ought  to  be  like  the  Yal  d' Aosta,  and  Hirdwar  like  Ivrea,  tiie 
Satlej  valley  like  the  Bhone,  and  the  Lake  of  Geneva  like  the  country 
near  Futtankote  on  the  Eavee,  because  of  existing  glaciers  at  these 
places.  About  liflis  there  ought  to  be  similar  records  of  a  Glacial 
period,  because  glaciers  are  on  the  northern  slope  of  the  Caucasus 
now ;  but  the  &cts  contradict  theory.  The  glacial  record  is  not 
general. 

At  Caluso  a  tunnel  cut  through  a  considerable  hill  of  rolled  stones 
18  the  entrance  to  a  horseshoe-amphitheatre.  A  blue  moraine-lake, 
Cemdia,  one  of  four  lakes  of  the  same  kind,  is  within,  and  a  beautiful 
rich  warm  country  of  orchards  in  flower,  green  cornfields,  and  trel- 
lised  vines,  whore  nightingales  were  singing.  I  found  cacti,  birches, 
heather,  and  mountain  pinks  growing  together,  and  the  sun  was 
powerfiil,  though  snow  lay  thickly  about  2000  feet  higher.  In  India 
this  would  be  a  Tend  and  a  jungle  haunted  by  elephants.  This 
Italian  plain  country  was  haunted  by  elephants,  for  their  bones  are 
buried  in  recent  soils.  Indian  elephants  might  live  there  now ;  for 
they  flourish  in  a  like  climate  in  Cashmere.  East  and  west  of  the 
river  Dora  are  the  lateral  moraines  of  the  Yal  d' Aosta  abutting 
against  the  open  jaws  of  the  gorge.  All  the  rains  that  have  fallen 
since  they  were  shot  out  sideways  from  the  delta  of  ice  have  scarcely 
furrowed  these  wonderful  ridges.    The  left  or  east  moraine  is  on  the 
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cater  side  of  a  carve  and  is  the  longest.  It  is  from  1500  to  200O 
feet  high  where  it  rests  against  the  mountain  near  Andrate.  It  is 
1080  feet  high  where  the  Biela  or  Mongrando  road  crosses.  It  slopes 
from  Andrate  down  to  the  plains  regularly  for  25  kilometres.  It 
joins  a  carved  rampart  which  sweeps  round  to  Caluso  for  about  23 
kilometres  and  there  joins  the  west  lateral  moraine  which  rises  to 
the  opposite  mountain,  and  so  walls  in  a  smaU  glaciated  low  country 
with  three  sides  equal  to  25  kilometres  each.  From  Caluso  to  Ivrea 
is  20  kilometres,  thence  to  Aosta  by  road  67,  and  thence  it  is  a  longr 
walk  to  the  Col  du  Qeant  and  the  ice.  About  Ivrea  a  band  of  bare 
rocks  crosses  from  mountain  to  mountain  and  nearly  from  moraine  to 
moraine.  Through  it  the  river  has  cut  a  channeL  This  region  is  ice- 
ground,  grooved,  and  polished  in  the  direction  of  the  Val  d'Aosta, 
with  erratics  perched  here  and  there  on  the  tops,  and  it  is  hollowed 
out  into  rock -basins  which  hold  at  least  four  small  lakes.  There  are 
eight  lakes  within  the  moraine  ramparts ;  there  are  none  outside.  X 
went  to  Chiaverano  and  saw  two  in  rock-basins  and  the  usual  grooves 
made  by  glaciers.  Immediately  above  these  glaciated  rocks  is  the 
left  lateral  moraine,  and  near  the  top  of  it  is  a  stone,  if  it  be  a  loose 
stone,  far  bigger  than  any  of  the  Kangra  big  stones.  It  is  bigger 
than  neighbouring  farm-houses  and  it  has  a  name.  Near  it  is  a 
water-furrow  in  which  the  structure  of  this  mountain-moraine  is 
clearly  seen.  The  Biela  road  is  only  six  years  old.  The  sides  of  it 
give  fresh  sections  of  the  hill-side  for  a  height  of  1080  feet  and  a 
distance  of  several  miles.  From  top  to  bottom  the  materials  are 
alike.  I  found  scratched  stones  at  the  base  near  Bolengo,  halfway 
up,  and  on  the  top  of  the  ridge.  I  found  samples  apparently  of  all 
the  rocks  between  Ivrea  and  the  Col  du  G^ant,  of  aU  ages,  shapes, 
and  sizes,  granite,  crystalline  and  soft,  large  angular  blocks,  and 
sabangular,  smooth,  rough,  scratched,  and  polished ;  great  and  small, 
rolled,  water-worn  pebbles ;  sands  and  soils  promiscuously  heaped 
together,  piled  in  the  shape  which  ia  taken  by  rubbish  now  being 
heaved  out  by  coolies  at  Madras  to  make  a  breakwater.  This  is  ^'  a 
moraine."  ft  is  something  very  different  from  the  Kangra  "  deltas." 
I  saw  no  sh/Blls,  but  I  take  them  on  trust.  I  saw  stratified  stuff  low 
down.  Th^re  can  be  no  question  about  the  translation  of  my  part  of 
this  record.  A  glacier  flowed  from  the  Col  du  G^ant  to  the  lakes  of 
Yiverone  and  Candia.  It  was  100  kilometres  long  (say  sixty  miles) 
and  was  about  2000  feet  deep,  and  ^ye  kilometres  wide  at  the  top, 
when  it  passed  over  the  bare  rocks  on  which  Ivrea  stands.  As  soon 
as  it  escaped  from  the  gorge  it  spread  out  like  a  fan  25  kilometres 
wide  upon  the  plain  now  walled  in  by  the  moraines.  I  suppose 
that  the  rampart  of  rocks  at  Ivrea  protected  certain  soft  marine  beds 
of  "  Pliocene "  age  lower  down,  on  which  this  particular  glacier 
flattened  out,  sunk  down,  spread,  and  melted.  I  know  a  Norwegian 
glacier,  **  Supedle  dais  iis  brae,"  in  Sogne,  which  is  spreading  upon 
the  soil  of  a  dale  and  pressing  on  it  and  melting  without  advancing 
or  ploughing  or  digging,  because  the  power  is  expended.  This  Aosta 
glacier  certainly  ground  the  rocks  in  the  Yal  d* Aosta,  and  it  went  up 
joR  and  down,  and  in  and  out  of  hollows.    It  scooped  out  four  small 
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lake-basins,  and  made  a  deep  hollow  in  the  rocks  behind  Ivrea,  which 
hollow  probably  held  a  large  lake  before  the  right  lateral  moraine 
was  damaged  by  rivers.  The  rock-section  of  the  Yal  d'Aosta  is 
unlike  the  section  of  any  goige  that  I  have  seen  in  the  Caucasus  or 
in  the  Himalayas;  but  it  is  like  the  sections  of  many  narrow 
Scotch  glens  and  Norwegian  dales.  The  shape  of  the  rocks  is 
different ;  the  stuff  transported  is  different  and  differently  arranged. 
The  shape  of  the  mountains  is  very  different,  taken  as  a  range,  or 
singly,  or  in  detail.  In  short,  at  sight  and  after  close  examination, 
these  lower  southern  Alpine  slopes  are  glaciated,  and  the  lower 
Caucasus  and  Himalayas  and  Califomian  slopes  are  not.  But 
glaciers  now  exist  on  all  these  ranges,  and  the  ranges  hare  all  ex- 
isted since  Miocene  times,  according  to  experts.  But  if  so,  a  general 
Pliocene  or  Postpliocene  glacial  period  ought  to  have  made  all 
glaciers  grow  on  the  same  scale  on  all  the  ranges.  The  Ganges 
basin  ought  to  be  like  the  basin  of  the  Dora,  and  the  Eavee  basin 
like  it,  or  like  the  country  near  Chamounix.  So  far  as  my  know- 
ledge and  power  of  comparison  extend,  nothing  can  well  be  more 
different.  I  went  up  the  Lago  Maggiore  in  a  steamer  from  Arona 
to  Locarno,  62  kilometres  in  six  hours,  and  back  again.  My  object 
was  to  compare  one  large  Alpine  rock-groove  with  another  in  the 
Himalayas  at  Darjeeling.  In  India  I  lived  for  a  fortnight  on  the 
edge  of  a  spoon-shaped  furrowed  hollow  some  80  miles  long,  and 
generally  looked  down  upon  a  roof  of  doud.  I  lived  under  a  roof 
of  cloud  for  a  week  in  Italy,  and  the  clouds  sent  down  rain  and 
snow  in  the  middle  of  April.  I  lived  in  a  spoon-shaped  hollow 
about  as  big  as  the  valley  of  Siccim.  Both  are  rock-basins  in  that 
their  edges  are  solid  rock.  But  the  Italian  spoon  is  deep  within, 
and  holds  a  lake  whose  surface  is  level  with  the  plain ;  whereas  the 
Indian  spoon,  though  far  deeper,  has  a  continuous  slope  for  80  miles, 
and  ends  at  a  narrow  gorge,  like  the  Yal  d'Aosta  at  Ivrea.  If  the 
Sicdm  spoon  were  mended  by  a  moraine  as  big  as  the  moraines  at 
Ivrea,  it  would  hold  a  lake  proportional  to  the  depth  of  the  dam. 
It  would  hold  a  lake  if  another  fold  of  flat  Terai  were  to  be  crumpled 
up  against  the  foot  hills  after  the  Shivalik  fashion.  If  the  Thibet 
end  sunk  enough,  Siccim  would  be  a  lake.  If  the  Swiss  end  of  the 
Italian  spoon,  were  raised  enough,  the  Lago  Maggiore  would  flow 
out.  Any  amount  of  damming  or  tilting  required  to  fill  or  to  empty 
these  hollows  has  been  far  exceeded  by  the  crumpling  of  strata 
formed  at  the  sea-bottom  between  Arona  and  Siccim.  But  no  pos- 
sible damming  or  tilting  could  make  these  two  hollows  alike.  They 
are  both  valleys  of  erosion,  at  sight.  The  Italian  geologists  who 
know  their  coimtry  best  have  no  doubt  about  their  valleys ;  I  have 
none,  after  seeing  the  land  above  water  on  a  broad  belt  which  sur- 
rounds the  world.  At  sight  the  Italian  rock-grooves  have  been 
greatly  worn  by  glaciers  and,  since  the  local  glacial  period,  by  water. 
At  sight  the  Indian  grooves  have  been  eroded  by  water  alone. 
Imm^iately  behind  Locarno,  which  is  at  the  fork  of  two  long 
valleys,  on  steep  ground,  which  I  take  to  be  an  old  moraine,  are 
many  deep  water-furrows  of  the  Himalayan  pattern  on  a  small 


Digitized  by 


Google 


131  J.  F.  CAMPBELL  OK  OLACTiX  FBEIODft. 

scale.  The  flat  point  below  Locarno,  wliioh  is  creeping  oat  into  the 
lake,  manifestly  is  a  compound  delta  of  pebbles  washed  into  the  chief 
rock-groove,  which  is  fdU  of  water  and  was  fall  of  ice  up  to  the  far 
higher  level  of  the  moraine  stuff.  The  doud  roof  of  the  18th  and  19th 
of  April  marked  out  the  shape  of  the  ice.  The  cloud  roof  in  8iccim 
marked  out  a  different  shape,  like  that  of  the  artificial  lake  at 
Ootacomund,  a  sharp  angular  zigzag  line  of  coast  like  that  of  the 
Black  Sea  below  the  Caucasus,  instead  of  a  curved  coast  like  that  of 
the  Italian  lake.,  or  of  a  Scotch  firth,  or  a  Norwegian  or  American 
fjord.  In  Greenland  under  ice  there  can  be  no  furrowing  by  side 
streams.  In  Scandinavia  the  side  ftirrows  in  dales  are  shallow  and 
far  apart ;  they  are  deeper  and  nearer  together  in  Scotland.  In 
Ital^  they  seem  to  be  deeper,  and  each  has  a  delta  proportional  to 
its  size.  Many  of  the  litde  towns  are  built  on  these  ddtas,  with  a 
bridge  at  the  apex  in  the  jaws  of  the  gorge.  In  theOaucamis,  about 
the  same  latitude,  these  water-furrows  are  deeper  by  far ;  but  they 
are  separated  by  wide  slopes  and  undulating  tablelands.  In  the 
Bocky  Mountains  the  fhrrows  are  cafions,  deeper  and  farther  apart 
In  the  Himalayas  the  water-furrows  are  almost  invariably  separated 
by  ridgos  of  exceeding  sharpness,  like  furrows  and  ridges  in  ploughed 
land.  From  this  comparison  I  drew  the  condwnon  that  the  last  Alpine 
glacial  period  was  European,  not  Asiatic,  and  not  American  ;  that  it 
was  locals  not  general.  I  saw  all  these  mountain-ranges  between 
Sept.  1873  and  April  1877  ;  I  began  in  1841  near  the  place  where 
I  ended,  near  the  snow-sheds  of  the  Alps,  fresh  from  Eanchinjunga. 
On  the  21st  I  went  back  to  Turin  on  a  very  fine  bright  dear  day,  at 
first  through  a  jungle  of  birch,  and  over  the  moraines  of  the  Lago 
Maggiore  glacier,  which  make  an  amphitheatre  of  stony  gravelly 
ridges,  which  extend  as  far  as  I  could  see  eastward,  and  fringe  the 
lake-district.  They  fade  away  to  the  plain  near  Novara,  a  slope  of 
graveL  At  the  base  of  it  begins  irrigation,  like  rice-fiats  in  tJie 
East,  from  canals  like  the  Ganges  canal  in  miniature.  On  the  22nd 
I  started  for  London  and  got  there  in  37  hours.  While  travelling 
swiftly  to  Calais,  Atlantic  weather  and  a  heavy  shower  met  the 
train,  and  a  stormy  sea-wind  drove  drops  diagonally  athwart  a 
window.  They  wriggled  like  long-tailed  tadpoles  on  the  glass, 
leaving  joints  of  their  tails  behind  them.  The  glass  dried  and  these 
occurrences  were  recorded  on  the  window  in  dust,  sorted  by  wind 
and  water.  Tracks  all  over  the  world's  surface  are  records  equally 
clear  for  those  who  have  learned  to  read  them,  by  seeing  them 
written.  The  tracks  of  ice  and  of  water  are  as  clearly  written 
upon  the  world's  surface  in  India  and  in  Europe ;  but  I  have  failed 
to  discover  any  record  of  a  Glacial  period  upon  the  surface  of  tiie 
globe. 

VI.  Conchision. 

45.  All  that  I  have  learned  about  ice  and  ice-marks  since  1840 
teaches  that  "  the  Glacial  period "  is  terrestrial,  not  celestial ; 
meteorological,  not  astronomical ;  that  old  glacial  marks  record  local 
changes  of  climate  on  the  large  scale  which  resulted  from  local 
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changes  of  leyel,  and  from  consequent  changes  in  the  position  of 
land  and  sea,  and  of  currents  of  air  and  water,  like  those  which  now 
dreolate.  I  hold  to  "  continuity."  The  cold  Atlantic  current  now 
makes  Greenland  the  chief  condenser  in  the  northern  hemisphere ; 
and  oonsequently  an  area  ahout  as  great  as  India  is  there  smothered 
in  ice,  which  flows  down  to  the  sea-level  in  latitude  60°  N.,  and 
drifts  away  to  lat.  37^.  The  warm  Atlantic  current  now  flows 
northwards  along  the  coast  of  Europe,  and  consequently  the  sea  is 
clear  of  ice  heyond  lat.  71°  N.  These  two  very  different  climates 
on  opposite  coasts  result  from  oceanic  and  atmospheric  circulation. 
But  Scandinavia  was  like  Greenland.  It  has  risen  ahove  its  old 
level,  which  is  conspicuously  marked  along  the  whole  coast.  Great 
abundance  of  seansl^lls  proves  the  change.  The  cold  Arctic  current 
OQoe  passed  southwards,  to  the  east  of  Scandioavia,  instead  of  to  the 
east  of  Greenland.  It  is  shunted  by  a  rise  of  land.  Scandinavian 
ice  which  now  is  perched  on  a  few  high  spots  was  at  some  late 
time  as  heavy,  as  deep,  and  as  wide  as  ice  now  is  in  Greenland. 
That  I  consider  proved  by  records  inscribed  on  the  whole  peninsula. 
At  that  time,  as  I  now  suppose,  Scandinavia  was  the  chief  northern 
condenser,  with  glaciers  launched  about  lat.  60°  N.,  drifting  to  37^. 
Greenland  may  Uien  have  been,  like  Scandinavia,  a  land  with  few 
^aciers  and  a  climate  as  warm.  Com  grows  near  the  North  Cape. 
Greenland  ice  drifts  to  latitude  37°.  American  plains  are  strewed 
with  large  glaciated  stones  and  rolled  gravels  down  to  latitude  37^. 
If  these  plains  were  sea-bottoms,  as  some  parts  of  them  certainly 
were,  because  of  their  marine  fossils,  the  cold  stream  which  is  now 
felt  near  Florida  would  swing  westwards  over  the  plains,  carry  drift, 
and  cool  the  climates  of  lands  near  it,  near  the  Eocky  Mountains, 
as  it  does  now  in  Plorida*.  When  the  cold  stream  passed  over 
Northern  Bussia  it  probably  fixed  the  condensing  area.  Erratics  in 
Poland  and  in  Northern  Germany  probably  were  dropped  from  ice- 
bergs and  ice-rafts  like  those  whidi  now  drift  in  the  Atlantic  in 
the  same  latitude.  The  margins  of  the  European  ocean  are  marked 
by  terraces  on  hill-sides  in  Britain  and  in  Scandinavia,  on  the  Cau- 
casus, and,  as  I  believe,  on  the  Alps.  Recent  and  Tertiary  sea-sheJls 
have  been  found  high  up  and  far  inland  in  Scandinavia,  in  Northern 
Russia,  in  Britain,  in  Italy,  and  elsewhere.  As  I  translate  this 
geological  record  inscribed  upon  opposite  coasts  and  mountains,  it 
means  late  large  local  changes  in  the  relative  positions  of  sea  and 
land,  and  consequent  local  changes  in  climate,  like  those  which  are 
proved  by  marine  fossils  of  aU  ages.  Above  lat.  33°  N.,  about  long. 
77°  to  76°  E.,  north  of  Kangra,  in  the  Himalayas,  is  a  larp;e  conden- 
sing area,  high  enough  for  large  glaciers  to  form  in  great  abundance. 
Th^  grow  there,  because  that  high  region  now  is  in  the  course  of 
a  damp  wind,  which  passes  over  Sind  without  condensing.  When 
that  part  of  the  circulating  atmosphere  has  passed  over  the  con- 
denser, it  has  little  moisture  left  in  it.  Further  north  is  a  "  rainless 
district ; "  and  high  hills  beyond  it,  far  north  in  Asia,  grow  no  glaciers 

*  I  have  to  thank  Dr.  Hayden  for  many  valuable  publications  of  tlie  Ameri- 
can Geological  Surrey. 
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in  the  latitudes  of  Greenland.  That  existing  local  glacial  Asian 
dimate  is  due  to  eleyation  and  to  atmospheric  circulation.  But 
some  of  the  rocks  in  that  region  were  formed  at  the  bottom  of  a 
warm  sea;  for  they  contain  AmmcnUes,  Others  are  Silurian. 
That  local  Asian  glacial  climate  results  not  from  a  glacial  period, 
hut  from  a  great  local  change  in  level,  and  in  the  position  of  land 
and  sea ;  it  is  a  result  of  normal  atmospheric  circulation,  eyaporation, 
and  condensation,  which  must  haye  gone  on  during  geological  time. 
I  suppose  that  like  changes  have  produced  like  effects  throughout 
sedimentary  geology.  Scratched  stones  are  in  Permian  rocks ;  there 
may  haye  been  Lawrentian  glaciers  without  any  abnormal  period  of 
cold.  So  long  as  my  knowledge  of  ice-records  only  reached  to  the 
borders  of  the  Atlantic  basin,  something  abnormal  seemed  necessary 
to  account  for  the  facts;  but  when  I  found  that  these  large 
records  are  local,  nothing  abnormal  was  needed.  Things  as  they  are 
account  for  things  as  they  were.  No  signs  of  large  glaciers  are 
anywhere  near  lat.  37^  N.  about  the  Pacific  basin  on  either  side,  in 
the  Califomian  plains,  in  Oregon,  or  in  Japan,  or  China  about 
Shanghai,  Hong-Kong,  or  Canton.  I  could  find  nothing  glacial  at 
Singapore,  or  in  Java,  or  in  Ceylon,  or  in  India  up  to  lat.  32°  N. ;  but 
from  lat.  27®-28**  northwards,  on  the  hills,  sedimentary  rocks  which 
formed  at  the  sea-bottom,  and  are  the  tops  of  the  Himalayas,  are 
high  enough  now  to  condense  yapour  into  glaciers  even  in  the  same 
latitudes  as  the  deserts  of  Arabia  and  the  hottest  regions  on  earth. 
Between  August  1873  and  May  1877  I  went  round  Europe,  round 
the  world,  and  through  India,  searching  for  records  of  the  ice-cap  in 
yain.  Instead  of  finding  drifted  stones  nearer  to  the  equator  than 
drifting  ice,  which  a  glacial  period  requires,  I  haye  only  been  able 
to  find  drifted  stones  as  far  south  as  drifting  ice,  and  only  in  one 
place,  near  St.  Louis. '  I  haye  sought  in  vain  for  cyidence  to  prove 
that  the  world's  climate  has  been  colder,  which  I  have  been  taught 
and  once  believed.  Because  all  my  facts  taken  together  tell  against 
Glacial  periods,  I  have  ceased  to  believe  in  them.  Because  these 
facts  very  clearly  disprove  the  case  made  for  the  northern  *^  Ice- 
cap," I  refuse  to  accept  an  improbable  theory  as  if  it  were  prob- 
able or  true.  With  these  theories  stand  or  fall  those  which  were 
invented  to  account  for  them. 

Vast  sheets  of  polar  ice  did  not  climb  over  the  Alps,  the  Caucasus, 
the  Himalayas,  and  the  Eocky  Mountains,  leaving  sharp  ridges  there 
between  11,000, 18,000,  and  28,000  feet  high.  There  is  no  record 
of  the  passage  of  any  such  ice-sheet  in  gaps  between  these  mountain- 
chains,  at  Constantinople,  about  the  Caspian,  in  the  Punjiib,  on 
the  shores  of  the  Pacific  Ocean.  Polar  glaciation  and  records  of  it 
belong  to  the  Atlantic  basin.  I  hold  ^at  the  present  "  Period  " 
has  existed  on  earth  since  the  globe  cooled  a  very  long  time  ago,  and 
that  it  will  go  on  growing  to  tiie  coldness  of  outer  space  while  the 
world  lasts. 

I  beg  to  refer  to  the  papers  above  mentioned  and  to  this  paper 
for  facts  on  which  my  condusion  is  based. 

My  opinion  is  that  the  present  w  ai  hast  as  cold  as  any  ^^ period  " 
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of  wMch  (here  if  any  geological  record^  and  that  it 
has  endured  ever  since  any  part  of  the  earth's  mr- 
faee  was  high  enough  and  cold  enotigh  to  he  a  con- 
denser of  snow.  I  hold  that  the  record  of  sedi- 
mentary geology  is  continuous,  and  does  not  record  t  ; 
periods  of  great  cold.  I  \vili  exchange  my  opinion  |  " 
for  an  equivalent  of  facts ;  meantime  I  submit 
it  with  my  facts  to  the  Society  to  which  I  have 
the  honour  to  belong,  after  studying  the  subject 
for  nearly  forty  years*. 

I  have  tried  to  express  the  facts  relied  upon  by 
a  diagram.     The  diagonal  line  expresses  height 
above  the  sesrlevel.     At  60^  glaciers  now  enter      <^ 
the  sea.     Icebergs  drift  in  the  sea  to  37*^  N.  and       ^ 
to  36°  S.     Glaciers  now  exist  in  the  Himalayas 
afc27°N.    ...  I 

The  limits  of  ancient  glacial  action,  recorded 
by  marks,  do  not  extend  beyond  these  latitudes, 
6o  far  as  I  have  been  able  to  discover.  ^ 

P.S. — January  13, 1879. — Since  this  paper  was      ^  ^ 

presented  in  May  1877, 1  have  cruised  about  the      |  * 

Hebrides  several  times,  and  printed  a  paper  on 
the  ParaDel  Beads   of   Glenroy,  which   I   hold  • 
to  be  "  sea-margins/'  like  others  on  Scotch  and 
other  coasts.     I  have  been  up  the  Nile  beyond 
Thebes,  in  Syria,  at  Jerusalem,  and  along  the  I 

coast  of  Asia  Minor.  I  sought  carefully  and 
found  no  records  of  glacial  action  about  that  part 
of  the  Mediterranean.  I  am  prepared  to  maintain 
that  the  Nile  vaUey,  the  Bed  Sea,  and  the  Valley 
of  the  Jordan  differ  from  "  firths ;"  that  the  Dead      ^  | 

Sea  and  neighbouring  lakes,  the  Caspian,  and  the 
Black  Sea  are  not  "  lakes  of  glacial  erosion,"  but 
hollows  otherwise  formed,  probably  by  great  move-      S 
ments  and  bending  in  the  earth's  crust.     These      | 
are  indicated  by  sea-shells  at  Suez  and  otherwise.      I  ^ 

I  have  read  much  on  the  subject  of  glacial  action,  ^ 

nothing  that  shakes  my  confidence  in  the  con- 
clusions stated  in  this  paper,  but  a  good  deal 
which  leads  me  to  hope  that  many  leading  geo- 
logists at  home  and  abroad  will  be  of  my  opinion 
if  they  read  this  abstract  of  the  geological  work  | 

of  some  forty  years. 

*  A  globe  coloured  to  show  the  present  position  of  ioe, 
so  ftir  as  known  to  the  author,  was  shown  on  the  26th  of 
June,  1877,  at  the  rooms  of  the  Society,  together  with  hooks 
of  sketches  and  rubbings,  geological  and  other  maps,  in 
illustrataon  of  this  paper.    These  were  remoTed  on  the  -  »  » 

30th  of  June,  and  can  be  referred  to  at  Niddry  Lodge,  pill 

Kensington,  W.  S  §  § 
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9.  On  the  RANaE  of  the  Mahhoth  in  Spacb  and  Timb.  By  W, 
Boyd  Dawioks,  Esq.,  M.A.,  F.R.S.,  Professor  of  Geology  and 
Falseontology  in  Owens  College.    (Read  November  6, 1878.) 

005TSNTS. 

1.  Introduction. 

2.  The  Mammoth  Preglaoial  in  the  South  of  England. 

3.  The  Mammoth  Preglaoial  iu  Scotland. 

4.  The  Mammoth  Preglaoial  in  Cheshire. 

5.  The  Manmioth  a  member  of  the  Fauna  of  the  Forest-bed. 

6.  The  Mammoth  Postglacial  and  Glacial  in'  Britain. 

7.  Range  in  Europe,  Asia,  and  America. 

8.  Relation  to  Indian  Elephant. 

1.  Introduction. 
The  Mammoth  is  one  of  the  most  important  animals  for  purposes 
of  classification,  on  account  of  the  large  size  and  abundance  of  its 
remains,  and  because  of  its  range  in  ancient  times  oyer  more  than 
one  half  of  the  land-surface  of  the  world.      According  to  some 
authorities,  among  whom  may  be  reckoned  M.  Lartet*,  it  is  taken 
to  characterize  an  early  stage  in  the  history  of  the  PalaBolithic 
caverns  of  France  and  Belgium,  and  according  to  others,  among 
whom  may  be  reckoned  Dr.  James  Geikie  t,  to  have  found  its  way 
into  Europe  afber  the  Glacial  period ;  it  is  supposed  to  have  disap- 
peared from  Europe  before  the  close  of  the  Glacial  period.    In  Dr. 
Falconer's  %  opinion  it  was  a  Pre-  as  well  as  a  Postglacial  inhabitant 
of  Britain,  a  view  which  I  was  unable  to  accept  on  the  evidence 
offered  at  that  time§.     The  new  materials,  however,  accumulated 
during  the  last  ten  years    render  it  advisable  to  reexamine  the 
evidence  by  the  light  of  a  wider  experience.    The  results  of  a  re- 
examination which  are  brought  before  the  Society  this  evening  show 
that  Dr.  Falconer's  conclusion  as  to  the  Mammoth  being  Preglacial 
in  Britain  is  fully  justified ;  and  the  additional  details  brought  to- 
gether since  his  death  merely  serve  to  fill  in  to  some  extent  the 
picture  of  the  life  and  times  of  the  mammoth,  without  affecting  the 
outlines  drawn  by  the  hand  of  the  master  ||.    They  show  that  the 
animal  lived  in  Cheshire  and  the  South  of  England,  and  probably 
also  in  Scotland,  before  the  deposition  of  the  Boulder-clays  by  glaciers 
and  icebergs,  and  that  it  roamed  over  the  region  now  covered  by 
the  North  Sea,  in  company  with  the  Elephai  meridionalis,  Cervus 
Sedgwichii  (  =  (7.  dicranios,  Nesti),  and  other  animals  of  the  forest- 
bed  of  Norfolk  and  Suffolk. 

2.  The  Mammoth  Preglacial  in  the  South  of  England, 
The  first  case  to  be  examined  is  that  of  the  elephant  found  in  Sus- 
sex.    The  memorable  paper  of  Mr.  Godwin-Austen,  on  "  The  Newer 

*  Comptes  BenduB,  xlri.  Stance  22  Fevrier,  1858. 

t  *  loe  Age.*  1  Palseont.  Mem.  ii.  p.  240. 

§  PopulM"  Science  Eeview,  1868,  p.  275 ;  Geological  Magazine,  July  18C8. 

jl  Pokeont.  Mem.  ii.  p.  239. 
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Tertiary  Depodts  of  the  Sussex  Coast,"  brought  before  the  Society 
m  1857^,  called  attention  to  the  &ct  that  a  layer  of  glacial  day 
with  erratics,  some  of  very  large  size,  was  to  be  seen  in  the  low 
and  broken  line  of  cb'ffis  extending  f^m  Pagham  Harbour  on  the 
east,  past  the  little  village  of  Selsea,  to  Braoklesham  on  the  west, 
and  tiiat  this  rested  on  a  deposit  of  estuarine  mud,  below  which 
were  lenticular  patches  of  red  ferruginous  gravel  l3dng  on  the  eroded 
surface  of  the  Eocene  strata.  In  '^  the  mud-bed,"  :&om  time  to  time, 
many  bones  and  teeth  of  elephant,  found  in  juxtaposition,  prove 
that  wh(de  carcasses  had  decayed  in  this  spot.  These  were  originally 
assigned  to  the  mammoth ;  but  on  subsequent  examination  by  Dr. 
Falconer  they  turned  out  to  belong  to  his  new  species,  the  narrow- 
toothed,  straight-tusked  Elephas  antiquus.  Although  the  mammoth 
has  been  quoted  from  this  horizon  in  1870 1  by  Mr.  Qodwin-Austen, 
and  in  1878  by  the  editors  of  the  new  edition  of  Dixon's  '  Geology 
of  Sussex,'  I  am  unable  to  obtain  any  further  evidence  on  the  point, 
and  it  is  very  probable  that  the  species  is  not  the  mammoth,  but  the 
Elephas  antiquus. 

Whatever  doubts  may  be  thrown  on  the  occurrence  of  the  mam- 
moth in  Preglacial  strata  at  Selsea,  its  presence  in  Hertfordshire 
before  the  period  of  the  Boulder-olay  was  proved  in  1858 1  by  the 
discovery,  by  Prof.  Prestwich,  of  a  tooth  and  tusk  in  a  bed  of  gravel 
underneath  the  Boulder-clay  of  Bricket  Wood  in  the  railway-cutting 
between  Watford  and  St.  Albans.  The  animal,  therefore,  was  living 
within  the  area  of  the  London  Basin  before  it  was  submerged  beneath 
the  sea,  on  wldch  the  icebergs  were  carried  as  far  south  as  the  line 
of  the  Thames,  or,  in  other  words,  before  the  time  when  the  drift 
of  icebergs  in  Britain  arrived  at  its  maximum  extension  to  the  south. 
In  this  sense,  then,  it  may  be  said  to  be  Preglacial  in  the  South  of 
England. 

3.  The  Mammoth  Preglacial  in  Scotland, 

Several  cases  of  the  discovery  of  its  remains  in  the  Boulder-clays 
and  subjacent  deposits  render  it  very  probable  that  it  was  also  an 
inhabitant  of  Scotland  in  Preglacial  times.  Nine  or  ten  tusks  and 
a  molar  tooth  have  been  discovered  from  time  to  time,  in  a  peaty 
day  underneath  the  "till,"  at  Woodhill  quarry §,  Kilmaurs,  Ayr- 
shire, along  with  the  antlers  of  reindeer,  and  various  insects  and 
freshwater  plants  (pond-weed  and  ranunculus),  under  conditions 
shown  in  the  following  section  (^,  1).  From  their  position  below 
the  Boulder-clay  these  remains  are  considered  by  Dr.  Bryce,  from 
whose  paper  the  above  section  is  borrowed,  as  well  as  by  Mr.  Young, 
to  be  preglacial.  Dr.  James  Geikie,  however,  refers  this  stratum  of 
Boulder-day  to  the  later  ||  of  the  two  Scotch  Boulder-clays,  and 

•  Quart.  Joum.  Geol.  Soc.  (1867),  xiii.  p.  50. 

+  Aid.  (1871),  xxvii.  p.  26.  I  Geologist,  1858,  p.  208. 

g  Dr.  Bryoe,  Qoart.  Jonrn.  Geol.  Soa  xxi.  p.  213 ;  Mr.  J.  Young,  '  The 
Andquitj  of  Man/  p.  292  (last  edit.) ;  Prof.  Archibald  Geikie,  "  Phen.  of  Glacial 
Drift  of  Scotland,"  Trans.  G^l.  Soc.  Glasgow,  i.  part  ii. 

I  Dr.  James  Geikie, '  loe  Age/  2nd  edit.  p.  160. 
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places  the  stratum  with  the  mamxnoih  in  his  "  Interglacial  period.'* 
A  seoond  example  of  the  discovery  of  mammoth  in  association  with 
the  Boulder-dajs  is  that  of  a  task  found,  at  a  depth  of  fifteen  to 

Fig.  1. — Section  of  Dnft-^eds  at  Kilmaurs. 


1.  Sandstone  of  the  Coal-formation,  3.  Clay. 

rising  in  a  low  cliff  from  the  4.  Sand. 

banks  of  Carmel  Water.  6.  Boulder-clay. 

2.  GraTel.  6.  Upper  DrifU. 

7*  Subsoil  and  Burface-soiL 

twenty  feet  from  the  snrface,  by  the  eminent  engineer  Mr.  Bald*, 
at  Clifton  Hall,  in  the  valley  of  the  Forth,  at  the  beginning  of  this 
century.  A  third  instance  is  offered  also  by  the  remains  at  Chapel 
Hall,  near  Airdrie,  in  laminated  sand  under  the  "  tilL"  These  cases 
are  taken  by  Mr.  Jamieson  to  prove  that  the  mammoth  lived  in 
Scotland  before  Glacial  conditions  had  set  in  in  Northern  Britain; 
and  his  conclusion  seems  to  me  to  be  probably  true. 

4.  The  Mammoth  Pregladal  in  Cheshire. 

If,  however,  the  true  relation  of  the  strata  with  mammoths  in  the 
above  cases  to  the  lowest  Glacial  deposits  of  Scotland  bo  considered 
doubtful,  the  Preglacial  age  of  the  mammoth  in  Cheshire  is  defi- 
nitely set  at  rest  by  the  discovery  made  by  Mr.  Bloxsom  in  March 
1878,  in  sinking  a  shaft  for  the  new  Victoria  Salt  Co.  near  North- 
wich.  The  travelling  cylinder  used  in  the  operation  cut  through 
the  fossil-tooth  of  ^'  some  gigantic  animal,"  which  was  sent  to  me  for 
identification.  It  proved,  on  comparison  with  remains  in  the  British 
Museum,  to  be  a  fragment  of  the  last  lower  true  molar  of  the  mam- 
moth, left  side,  composed  of  the  Isst  seven  plates  with  the  talon, 
and  measuring  5*5  inches  long  by  2*5  and  1*8  broad.  From  an 
examination  of  the  matrix  it  had  evidently  been  imbedded  in  a  fine 
sand  highly  charged  with  dark  carbonaceous  particles. 

The  precise  conditions  of  its  discovery  are  shown  in  the  following 
section  (fig.  2),  the  details  of  which  have  been  furnished  by  the 
kindness  of  Mr.  Bloxsom.  The  tooth  was  found  at  a  depth  of  sixty- 
five  feet  from  the  surface  of  the  ground,  in  the  sand  No.  1,  at  the 
point  marked  A  in  the  figure. 

The  overlying  Boulder-clay,  as  may  be  seen  fh>m  the  horizontal 
geological  section,  sheet  64,  made  by  Prof.  Hull,  extends  without  a 
break  from  Northwich  to  Aston  ;  it  reappears  near  Millington  Hall, 
and  extends,  except  where  it  is  cut  through  by  the  river  BoUin, 
under  the  middle-drift  sand  and  gravel  of  Bowdon,  and  thence  in  a 
*  Mr.  Bald,  Wemerian  Boo,  Mem.  Edinb.  iv.  p.  58, 
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north-easterly  direction  over  Manchester,  until  it  plunges  under  the 
same  series  of  sands  at  Cheetham  HilL  These  middle  sands  in  their 
turn  axe  capped  by  the  upper  Boulder-day  of  Newton,  Fairfield,  and 
Droylesden  to  the  east  of  Manchester.  The  Boulder-clay  of  North- 
Fig.  2. — Section  of  New  Victoria  Salt-Companfs  Shaft,  Northwich. 
(Scale  ^  inch  to  1  foot.) 

Soil,  2  feet 

3.  Brown  sand  and  day,  9  feet. 


2.  Brown  Boulder-day  of  Lower  Series,  37  feet 


1.  Quicksand,  with  layers  of  pebbles,  32  feet. 
A  a  Mammoth  tooth. 


Bed  Marl  of  Eeuper,  16  feet 
(72  feet  to  Bock-salt) 


-wich,  therefore,  is  the  lower  of  the  two  Boulder-clays  of  the  Lanca- 
shire and  Cheshire  plain,  and  the  sand  beneath  it  with  the  mammoth 
belongs  to  a  yet  earlier  age,  or,  in  other  words,  la  older  than  the 
first  phase  of  the  Glacial  period,  of  which  traces  have  been  met  with 
on  the  western  side  of  the  Pennine  chain. 

The  series  of  sands  and  gravels  underneath  the  lower  Boulder-day 
has  been  proved  by  Mr.  Binney*  to  be  very  persistent  in  Lancashire 
underneath  the  lower  Boulder-day,  resting  very  generaDy  on  the 
eroded. surface  of  the  Carboniferous,  Permian,  and  Triassic  rocks.  A 
section  recently  exposed  close  to  Birch  Church,  Eusholme,  proves 
that  it  is  more  than  fifteen  feet  thick  on  the  south  side  of  Manchester. 
The  sharp  sand  and  rounded  pebbles  of  which  it  is  composed  render 
its  marine  origin  very  probable,  the  only  fossil  hitherto  discovered  in 
it  being  the  tooth  above  described. 

The  remains  of  the  mammoth  have  been  found  on  the  borders  of 

*  Proceedings  Lit  and  Phil.  Soo.  Manchester,  19  March  and  12  Nor.  1872 ; 
Statistical  Society  of  Manchester,  1841. 
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the  Lancashire  and  Cheshire  district ;  in  Derbyshire,  in  a  deft  of  the 
Mountain  Limestone  at  Dove  Holes  near  Buxton  (Binney) ;  in  a  oeve 
at  Gelly  Dale  near  Castleton  (Pennington  and  myself);  and  in  Staf- 
fordshire at  Copenhall  near  Crewe,  in  a  cutting  of  the  London  and 
North-western  Railway  (Sir  P.  I^rton).  In  all  these  cases  the 
relation  of  the  deposit  in  which  the  remains  were  found  to  the 
Boulder-clays  is  uncertain. 

6.  The  Mammoth  a  member  of  the  Fauna  of  the  Forestrhed, 
The  Mammoth  was  considered  by  Dr.  Falconer  to  bo  a  member  of 
the  peculiar  fauna  of  the  Preglacial  Forest-bed,  because  its  remains 
were  met  with  in  the  same  mineral  condition  as  the  other  Forest-bed 
Mammalia  cast  up  by  the  sea  at  the  foot  of  the  Norfolk  clifib.     In 
1868*  I  saw  reason  to  doubt  this  conclusion,  and  to  believe  that 
they  were  derived  from  the  Postglacial  gravels  on  the  top  of  the 
clifis,  or  from  the  late  Pleistocene  ossiferous  deposit  on  the  Dogger 
Bank.     Since  that  time,  however,  I  have  been  led,  from  the  exa- 
mination of  specimens  which  Dr.  Falconer  never  saw,  and  from  a 
consideration  of  the  associated  fauna,  to  hold  that  his  judgment  in 
this  case  is  probably  correct.  The  objection  that  the  animal  may  have 
been  derived  from  newer  deposits  is  met  by  the  fact  that  the  Forest- 
bed  fauna  contains  no  less  Uian  eight<een  out  of  a  total  of  twenty- 
six  mammals  which  are  proved  to  have  been  its  contemporaries  by 
discoveries  in  other  places.    The  mammoth,  as  Dr.  Falconer  pointed 
out,  was  of  an  elastic  constitution,  so  that  its  presence  in  a  group 
of  animals  not  now  living  in  cold  countries  is  not  rendered  impro- 
bable by  its  habits  of  life.     The  probability  also  is  considerably 
strengthened  by  the  fact  of  its  being  proved  to  have  been  an  inha- 
bitant of  Britain  before  the  Glacial  period,  from  the  above-mentioned 
discoveries  in  the  south  and  west  of  England  and  in  Scotland. 

6.  The  Mammoth  in  Britain  before^  during^  and  after  the  Olacial 

period. 

In  the  late  Plebtocene  deposits  of  Britain  the  mammoth  is  the 
most  abundant  animal,  being  found  in  eighty-two  cases  out  of  148 
localities  tabulated  f  in  an  essay  brought  before  this  Society  in 
1869,  and  very  generally  along  with  the  reindeer.  Some  of  the 
river-deposits,  such  as  those  of  Hoxne  and  Bedford,  are  clearly  of 
Postglacial  age,  in  the  sense  of  being  after  the  layer  of  Boulder-day, 
considered  by  Mr.  Searles  Wood  the  newerof  the  two  clays.  It  has 
also  been  found  in  abundance  in  the  lower  brick-earths  of  the  Thames 
valley,  at  Ilford,  Erith,  and  Crayford,  which  probably  belong  to  a 
period  before  the  Glacial  aget*  It  is  also,  as  has  been  shown  in  the 
preceding  pages,  Preglacial  in  Cheshire,  Hertfordshire,  and  Norfolk, 
and  probably  also  in  Scotland.  From  these  considerations  it  follows 
that,  while  the  temperature  was  becoming  sufficiently  lowered  to 

*  "  Bange  of  the  Mammotli,"  Pop.  Sci.  Eer.  1868,  p.  285 ;  "  The  Age  of  the 
Mammoth/'  Geol  Mag.  v.,  July  1868. 
t  Quart.  Journ.  Geol.  Soc.  xxy.  p.  192  ett^.         J  Ibid,  mil.  p.  91  et  s^- 
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allow  of  large  masses  of  ice  depositing  their  burdens  over  Britain 
north  of  the  Lower  Severn  and  the  l^ames,  the  animal  would  be 
pushed  southwards  into  other  districts  where  the  climate  was  not  so 
severe.  In  other  words,  it  may  be  termed  Glacial.  When  the  con- 
ditions of  life  became  less  severe  the  animal  foimd  its  way  along  the 
river-valle3rs  of  this  country  as  far  north  as  Yorkshire  on  the  east, 
and  the  line  of  the  Trent  and  Holyhead  on  the  west.  North  of  this 
line  it  is  conspicuous  by  its  absence  from  Postglacial  deposits  of 
sand  and  gravel.  For  this  I  should  be  inclined  to  account  on  the 
hypothesis  that  this  area  was  defended  from  the  invasion  of  the 
mammoths,  and,  it  may  be  added,  of  the  associated  animals  *,  by  a 
system  of  glaciers  radiiating  from  the  hills  of  Wales,  Cumberland, 
the  Pennine  Chain,  and  Scotland,  which  did  not  melt  away  much 
before  the  mammoth  became  extinct,  and  possibly  also  by  a  sub- 
mergence of  the  low  districts. 

In  these  remarks  ossiferous  caverns  containing  the  remains  of  the 
mammoth  have  purposely  been  omitted,  because  it  is  impossible  to 
tell  with  certainty  their  precise  relation  to  the  Glacial  period. 


7.  Mange  in  Europe^  Asia,  and  America, 

The  caverns  and  river-deposits  of  France  present  us  with  traces 
of  the  mammoth  in  enormous  abundance,  and  the  animal  is  known 
to  have  ranged  into  Spain  f,  from  the  discovery  of  specimens  in  the 
zinc-mines  of  Santander.  Thanks  to  M.  Lartet  and  Dr.  Falconer,  it 
has  long  been  known  to  have  lived  in  the  neighbourhood  of  Rome 
at  a  time  when  the  volcanoes  of  Central  Italy  were  active,  and 
poured  currents  of  lava  and  threw  clouds  of  ashes  over  the  site  of 
the  imperial  city.  It  is  abundant  in  northern  and  southern  Ger- 
many, but  it  has  not  been  found  north  of  a  line  passing  through 
Hamburg,  or  in  any  part  of  Scandinavia  or  Finland.  It  occurs  in 
the  auriferous  gravels  of  the  Urals ;  and  in  Siberia,  as  is  well  known, 
it  formerly  existed  in  countless  herds,  being  buried  in  the  morasses 
in  large  numben,  in  the  same  manner  as  the  Irish  Elks  at  the  bottom 
of  the  Irish  peat-bogs.  The  admirable  preservation  of  some  of  the 
carcasses  is  undoubtedly  due  to  their  having  been  entombed  directly 
after  death,  and  then  quickly  frozen  up,  a  process  which  need  not 
necessarily  imply,  as  Mr.  Howorth  has  lately  suggested  that  it  does 
imply,  dimatal  conditions  unlike  those  of  the  present  time  in  Siberia. 
In  unusually  warm  springs,  the  warm  waters  borne  down  by  the 
great  rivers  from  their  southern  warm  sources  thaw  the  ih>zen 
morasses  with  incredible  rapidity,  so  that  the  hard  ice-bound 
^^  tundra''  becomes  quickly  converted  into  a  treacherous  bog.    In 

*  Dawkina,  •  Csre-hiinting/  j).  406. 

t  The  other  localitiee  in  Spain  for  the  mammoth^  giren  by  Prof.  Oalderon 
(Qnmrt.  Joam.  GeoL  Soc.  xxxiii.  p.  129)»  are  doubtful,  because  the  proboscidean 
Temains  in  Miocene  and  Pliocene  Btrata,  referred  by  yarious  Spanish  authors 
to  that  spedee,  are  accepted  without  criticism.  Those  from  l&ntander  have 
been  described  by  Prof.  SuUiyan  and  CVBeillj,  and  determined  by  Ph>f.  Leith 
Adams  to  belong  to  the  mammoth. 


Digitized  by 


Google 


144  W.  BOTD  DiLWKINS  ON  THE  SAKeE  OF 

the  ezcepidonallj  warm  season  of  1846  *,  the  mammoth  discovered 
by  lieut.  Benkendorf  on  the  banks  of  tbe  Indigirka  was  thawed 
out  of  the  tundra  until  it  was  revealed  to  the  astonished  eyes  of  the 
beholder,  standing  on  its  feet  in  the  position  in  which  it  had  been 
bogged.  Had  any  elks  or  reindeer  been  in  that  spot  at  that  time 
they  might  have  been  entombed  in  the  same  way,  and  preserved 
by  the  frosts  of  the  winter  till  they  were  liberated  again  by  the 
rare  chance  of  their  place  of  sepulture  being  invaded  by  warm 
floods  from  the  south.  The  thaw  in  that  year  proceeded  so  rapidly 
that  Lieut.  Benkendorf  and  his  Cossacks  narrowly  escaped  the 
alternative  of  being  entombed  in  the  soft  morass,  or  of  being  swept 
out  northwards  into  the  Arctic  Sea,  as  his  mammoth  was,  to  join 
the  vast  assembly  of  mammoths  and  reindeer  and  other  animals 
which  have  been  swept  down  in  a  similar  fashion. 

The  remains  of  the  animal  occur  throughout  Russian  Asia ;  and 
the  singular  notice  of  fossil  ivory  being  brought  for  sale  at  Khiva, 
by  an  enterprising  Arabian  traveller,  Abou-el-Cassim,  in  the  middle 
of  the  tenth  century,  applies  to  the  mammoth  from  the  old  Bulgaria 
on  the  Lower  Volga  t. 

Nor  is  a  variety  of  the  mammoth  absent  from  Asia  Miuor,  since 
the  remains  of  an  elephant  (^.  arm^ntocii^),  discovered  near  Erzeroum, 
have  been  determined  by  Dr.  Ealconer  to  be  intermediate  between 
the  mammoth  and  the  Indian  elephant.  And  it  is  an  interesting 
fact  to  note  that  in  Asia  Minor,  as  in  the  Pleistocene  of  Europe,  it 
is  associated  with  the  horse,  stag,  bison,  and  woolly  (?)  rhinoceros, 
all  of  which  are  described  by  Dr.  Brandt  from  Persia  in  1870. 

The  elephant  j:  was  living  in  the  valley  of  the  Euphrates  in  the 
nxteenth  century  before  Christ,  when  that  district  was  invaded  by 
the  Eg3rptians,  since  a  great  hunting  of  elephants  by  the  Pharaoh, 
Thothmes  III.,  in  the  neighbourhood  of  Nineveh,  has  been  recorded 
in  an  Egyptian  inscription  published  by  M.  Chabas.  This  im- 
portant discovery  brings  EUphas  armeniaais  into  the  same  geo- 
graphical region  as  the  Indian  elephant  (whichever  variety  or 
species  those  in  question  may  have  been),  and  shows  that  the 
fossil  and  living  elephants  of  Asia  in  ancient  times  were  not  sepa- 
rated from  each  other  by  impassable  geographical  barriers  or  wide 
spaces  of  mountain  and  desert. 

♦  Middendorf,  *  Sibirische  Beifle/  ir.  *  Die  Thierwelt  Sibiriens,'  p.  1082.  4to. 
1867.  This  aooount  \b  translated  in  mj  essay  on  the  " Bange  of  the  Mammoth" 
quoted  above. 

t  '  Les  Peuples  da  Caucase,  on  Yojage  d'Abou-el-Oassim/  par  M.  0.  lyOhssoii, 
page  80.  "  On  troave  sourent  dans  la  Bou^rie  des  os  (fossiles)  d'line  grandeur 
proidigieuse.  J'ai  tu  une  dent  qui  aTait  deux  palmes  de  large  6ur  quatre  do 
lone,  et  un  cr4ne  qui  ressemblait  &  une  hutte  (arabe).  On  y  c^terre  des  dents 
semblables  aux  defenses  d'6l6phants,  blanche  comme  la  neige  et  peeant  jusqu'i 
deux  cents  meTtns,  On  ne  sait  pas  k  quel  animal  eUes  ont  appartenu,  mais  on  les 
transporte  dans  le  Khoragur  (Kiya),  oil  elles  se  vendent  k  grand  prix.  On  en 
fait  des  peignes,  des  Tases  et  d'autres  objets,  comme  on  fa9onne  Tivoire ;  toute- 
fois  cette  substance  est  plus  dure  que  I'lToire ;  jamais  elle  ne  se  brise." 

This  is  extracted  by  the  leamea  D'Ohsson  from  an  Arabic  manuscript  of  ^6 
middle  of  the  tenth  centurj. 

1  Ohabas, '  Etudes  sur  I'Antiquit^  Historique  d'apr^  les  sources  ^gyptiennesy* 
2nd  edit.  p.  124.  i  i  r  ^r 
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The  animal  ranged  over  the  whole  of  North  America,  from  the 
frozen  clifb  of  Eschscholtz  Bay  as  far  south  as  the  Isthmus  of 
Darien — the  EUphas  amtricanus  of  Leidy  •  and  the  E,  Columbi  f  of 
Falconer  (E,  texianus^  Owen)  being  mere  varieties  of  the  same  sort 
as  those  observable  in  the  European  mammoths,  founded  merely  on 
the  relative  width  and  coarseness  of  the  plates  composing  the  grinders ; 
while  the  E,  Jacksoni  of  Billings  merely  supplies  a  slight  variation  in 
the  form  of  the  lower  jaw. 

Thus  the  mammoth  ranged  in  ancient  times  over  nearly  the  whole 
of  the  land  of  the  northern  hemisphere ;  and  it  is  most  important  to 
note  a  singular  fact  in  the  distribution  of  the  varieties  with  grinders 
composed  respectively  of  narrow  and  wide  plates.  Just  as  in  Euro- 
Asia  the  variety  with  its  grinders  composed  of  narrow  plates  has  its 
headquarters  in  the  north,  and  is  replaced  in  Asia  Minor  by  the 
variety  with  wide  plates  in  its  grinders  (the  E,  armeniacus  of  Dr. 
Falconer),  so  in  America  is  the  narrow-plated  form  replaced  in  the 
southern  parts  of  the  continent  by  the  E,  Columbi.  These  differences 
may  be  the  result  of  the  use  of  different  food  in  the  northern  and 
Bouthem  regions. 

8.  Relation  to  Indian  Elephant, 

The  next  point  to  be  considered  is  the  relation  of  the  mammoth 
to  the  Indian  elephant  on  the  other  side  of  the  barrier  of  deserts  and 
mountains  of  Central  Asia.  On  analyzing  all  the  characters  of  the 
dentition,  we  find  that  the  ridge-formula  and  the  succession  of  the 
teeth  are  the  same,  and  that  the  last  grinders  are  so  alike  that  a 
lower  molar  of  E,  indicus  has  been  figured  by  one  of  our  most  dis- 
tinguished anatomists  as  that  of  a  mammoth  t*  In  Dr.  Falconer's 
c^lassification,  Elephas  Columbia  E,  indicus^  and  E.  armeniacus  are 
grouped  together,  their  teeth  being  built  on  the  same  plan§, 
^^CoUiculi  approzimati,  machseridibus  valde  undulatis;"  while  next 
to  them  comes  E,  primigenius^  "  CoUiculi  oonfertissimi,  adamante 
Talde  attenuate^  machsBiidibus  vix  undulatis.''  The  differences  ex- 
pressed in  these  definitions  seem  to  me  to  be  merely  of  degree,  and  * 
not  of  kind.  Nor  are  the  differences  in  the  skeletons  greater  than 
those  of  the  dentition.  The  possession  of  hair  and  wool  depends,  to 
a  large  extent,  on  climate,  so  that  the  covering  of  the  Siberian 
mammoth  cannot  be  taken  to  be  a  specific  character. 

On  the  present  evidence  the  two  seem  to  me  to  be  so  closely  related 
that  the  mammoth  may  be  taken  as  the  ancestor  of  the  Indian  ele- 
phant ;  and  it  is  highly  probable  that  the  latter  has  put  on  those 
trifling  characters  by  which  it  is  distinguished  in  the  untold  ages  of 
its  sojourn  in  the  tropical  forests  of  India — characters,  be  it  remem- 
bered, of  the  same  order  as  those  observed  in  the  dentition  of  Elephas 
Columbi  of  the  warmer  regions  of  North  America,  and  the  E,  arme- 

♦   •  r.S.  Geol.  Survey  of  the  Territories/  P.  V.  Hayden,  toI.  i. ;   Leidy, 
•Extinct  Vertebrate  Fauna  of  W.  Territories,*  p.  238. 
t  For  the  details  relating  to  these  forms,  see  Falconer,  Pal.  Mem.  ii.  p.  212. 

iOwen,  Brit.  Foss.  Mammals,  fig.  90. 
Pal.  Mem.  iL  p.  14. 

Q.  J.  G.  8.  No.  137.  L 
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niacus  of  Asia  Minor.     I  feel  inclined  to  view  them  as  two  well- 
marked  yarieties  rather  than  as  two  distinct  species. 

Discussion. 

Dr.  Leith  Adams  stated  that  teeth  from  Ohio  in  the  Boyal  College 
of  Surgeons  and  in  Paris  were  certainly  those  of  the  Mammoth, 
although  Prof.  Marsh  has  asserted  that  the  Mammoth  has  not  been 
found  south  of  the  Columbia  river  and  east  of  the  Rocky  Mountains. 
He  thought  it  possible  that  Elephas  Columbia  E.  armeniacus,  and  E, 
indicus  might  be  the  same  species,  but  that  E,  primigeniu*  was 
distinctly  different.  The  Mammoth  was  more  nearly  allied  to  the 
Asiatic  than  any  other  elephant.  He  gave  iostances  of  thick-  and 
thin-plated  teeth  occurring  in  the  same  district  in  Britain  ;  in  none 
did  we,  however,  get  crowns  like  the  teeth  of  the  Indian  elephant. 
Hence  he  did  not  think  there  was  evidence  at  present  for  running  all 
these  species  together. 

Mr.  Charlesworth  commented  on  some  popular  representations 
of  the  Mammoth ;  and  asked  if  Prof.  Dawkins  thought  tne  elephant's 
teeth  in  the  Norwich  Crag  were  those  of  E.  primi genius. 

Prof.  Owen  asked  whether  the  evidence  for  the  discovery  of  the 
tooth  of  E.  primigenius  under  the  Lower  Boulder-clay  was  satis- 
factory, instancing  mistakes  that  had  been  made  in  the  case  of  OervuM 
megacerosy  which  had  been  asserted,  though  on  defective  evidence,  to 
occur  in  the  peat-bogs,  whereas  it  appeared  that  really  it  was  in  the 
underlying  shell-marl. 

Mr.  J.  Evans  said  that  a  Committee  had  been  appointed  at  the 
last  Meeting  of  the  British  Association  at  Dublin  to  investigate  the 
occurrence  of  the  Cervus  Tuegaceros  in  Ireland.  He  would  have  been 
glad  if  Prof.  Boyd  Dawkins  had  also  attempted  to  trace  the  pedi- 
gree of  the  Mammoth  upwards  as  well  as  downwards.  He  oonld 
not  accept  Mr.  Howorth's  view  of  a  cataclysmic  cause  for  the 
destruction  of  the  Siberian  Mammoth  and  the  preservation  of  its 
remains. 

Prof.  Seelet  stated  that  Dr.  Falconer  considered  Elephas  primt^ 
genius  very  closely  allied  to  E,  indicus ;  in  fact  he  always  examined 
the  mineral  character  of  the  specimen,  as  the  speaker  had  seen  when 
he  went  over  a  large  collection  made  by  Prof.  Sedgwick,  and  con- 
tained in  the  Woodwardian  Museum. 

Dr.  Hicks  asked  as  to  the  nature  of  the  Boulder-clay  and 
whether  the  blocks  contained  in  it  were  angular  or  rounded.  He 
inquired  whether  the  evidence  was  sufficiently  satisfactory  that  it 
belonged  to  the  Lower  Boulder-clay,  and  was  not  simply  derived 
from  it  in  subsequent  changes. 

Prof.  Hughes  said  that  he  doubted  the  glacial  origin  of  any  of  the 
series  of  deposits  described  by  Prof.  Boyd  Dawkins,  and  stated  that 
the  Boulder-clays  of  Cheshire  only  belonged  to  the  later  part  of  the 
Glacial  epoch.  They  were  marine  and  resorted.  He  thought  the 
same  of  the  Hertfordshire  drift. 

Dr.  Woodward  said  that  he  had  recently  been  along  the  Norfolk 
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coast  with  Mr.  Gunn,  who  still  adhered  to  his  opinion  that  Elephas 
primigenius  was  not  found  in  the  Forest-bed.  lie  called  attention  to 
the  probable  commingling  of  Indian  and  African  types  in  the  valley 
of  the  Euphrates,  as  shown  by  the  Assyrian  sculptures. 

Prof.  Boyd  Dawkins,  in  answer  to  Prof.  Owen,  said  that  the  sec- 
tion of  the  deposits  near  Northwich  in  which  the  Mammoth  tooth  was 
found  was  made  by  the  engineer  who  had  made  the  boring  and  had 
sent  him  specimens ;  and  he  gave  reasons  for  holding  that  the  Boulder- 
clay  was  not  remanU,  but  the  true  Lower  Boulder- clay.  It  contains 
ntunbers  of  large  striated  blocks  from  Cumberland  and  Scotland,  and 
no  marine  shells.  That  was  the  case  in  the  clay  he  had  described, 
-which  extended  from  North wich  to  Manchester,  and  had  nothing  to 
do  with  that  of  Cheshire  referred  to  by  Prof.  Hughes.  He  did  not 
know  that  there  was  any  important  difference  between  the  blocks  in 
the  Upper  and  Lower  Boulder-day.  He  thought  that  if  Prof. 
Leith  Adams  would  examine  the  teeth  in  the  museums  of  Florence, 
Bologna,  and  Lyons,  he  woidd  find  that  the  narrow-plated  Mammoth 
teeth  did  shade  oflP  into  wide-plated  varieties,  and  that  the  species 
was  not  so  definite  as  he  appeared  to  think.  As  regarded  Cervus 
nugaceros,  it  occurred  in  Ballybetale  bog  in  peaty  mud  above  the 
clay,  and  extended  up  to  close  below  the  upper  friable  peat.  The 
elephant  of  the  Crag  was  probably  E,  nuridionalis. 
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10.  On  the  Association  of  Dwabf  Cbooodilbs  (Nannosuehits  and 
Theriosuehus  pusillus^  e.  g.)  with  th^  DiMnnjTiTB  Mammals  of 
the  PuBBBOK  Shales.  By  Professor  Eichard  Owen,  C.B., 
F.R.8.,  F.G.S.,  &c.    (Eead  November  6,  1878.) 

[Plate  IX.] 

AoBEEABLT  with  an  intimation  at  the  close  of  the  Monogp^ph 
(No.  VIII.)  "  On  the  Fossil  Reptilia  of  the  Wealden  and  Purbeck 
Formations,'*  which  appeared  in  the  volume  of  the  Palseontogra- 
phical  Society  issued  in  1878  (p.  15),  I  communicated  to  the 
Geoloj^cal  Society  of  London*  a  paper  in  which  ideas  suggested  by 
the  subjects  of  that  Monograph  on  certain  relations  of  Mesozoic  and 
Neozoic  Crocodilia  to  their  prey  were  more  fully  detailed,  and  an 
instructive  discussion  was  thereupon  raised  agreeably  with  the 
writer's  design. 

To  his  assumption  that  the  mammalian  prey  of  Neozoic  Crocodiles 
were  non-existent  in  Mesozoic  times,  an  experienced  palseontologist 
objected  that  such  were  in  existence  at  those  periods,  and  co- 
existed with  the  Teleosaurs  and  other  amphicoelian  Crocodiles  t. 

It  had  not  occurred  to  me  that  the  mammalian  prey  of  the 
Neozoic  Crocodiles  t,  which  I  had  in  view,  and  which  were  exem- 
plified in  my  mind  and  meaning  by  the  Tiger,  the  Buffalo,  and 
similarly  large  unguiculate  and  ungulate  species,  could  be  represented 
or  suggested  by  the  extinct  mammals  from  the  Purbeck  and  Stones- 
field  strata,  in  the  restoration  of  which,  and  the  vindication  of  their 
claims  to  warm-blooded  and  mammiferous  eminence,  no  small  pro- 
portion of  past  palseontological  work  had  been  submitted  by  me  in 
former  days  to  the  Geological  Society  §. 

Subsequent  additions  to  our  knowledge  of  Mesozoic  mammals 
have  not  revealed  any  species  approaching  in  size  to  the  Ichneumons  H, 
which  haunt  the  banks  of  the  Nile,  the  Indus,  or  the  Ganges. 
Such  Yiverrines  are  disdained  by  the  large  CrocodDia  of  these  rivers ; 
at  least  the  vermiform  mammals  are  not  known  to  fall  a  prey  to  them, 
or  to  call  for  the  exertions,  emerged  or  submerged,  which  the  sub- 
duing of  the  struggles  of  a  tiger  or  bufialo  require.  On  the  con- 
trary, the  attitude  of  the  Crocodile  to  the  small  mammal  is  reversed; 
the  Ichneumon  is  the  enemy  and  destroyer,  in  relation,  at  least,  to 

*  February  6,  1878 ;  Quart.  Journ.  GeoL  Soc.  toI.  xxxit.  p.  421. 

t  **  Mr-  Hulke  observed  that  with  respect  to  Prof.  Owen  s  idea  that  warm- 
blooded animals  were  not  preyed  on  by  the  Mesosucfaian  Crocodiles,  it  could 
not  be  doubted  that  such  did  actually  exist  contemporaneously  with  them.'*— 
Quart.  Journ,  Geol.  Soc.  1878,  toI.  xxxiy.  p.  428. 

I  "  Large  species  of  warm-blooded  mammals,"  torn.  cit.  p.  423.  "  The  ad- 
vent in  Tertiary  time  of  large  mammalian  quadrupeds  browsing  or  prowling 
along  the  shores,"  &c.  p.  426. 

§  Trans,  of  the  Geol.  Soo.  4to,  2nd  series,  vol.  vi.  p.  47,  pi.  5 ;  Proc  of  GeoL 
Eoc.  8vo,  1838,  p.  17  ;  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  426  (1854). 

I  Herpestea  ichneumon,  Cuv.,  6  feet  in  length. 
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the  eggs  and  newly  hatched  brood,  of  the  cold-blooded  amphibious 
giann 

When,  therefore,  my  cogitations  had  been  turned  to  any  possible 
relations  of  a  Phascolothere*  or  a  Triconodont  to  the  amphicoelian 
Crocodilia  of  the  Oolitic  or  Wealden  periods,  I  thought  of  the  dimi- 
nutive contemporaneous  mammals  as  reducers  of  the  numbers  of 
such  Crocodiles,  assuming  that  the  reptiles  may  have  sought  the 
banks  or  shores  to  oviposit,  and  that  their  eggs  and  wriggling  brood 
may  have  tempted  the  small  predatory  marsupials,  as  those  of  the 
procoelian  Crocodiles  do  their  contemporaneous  species  of  Herpestes. 

Pursuing,  however,  my  researches  on  the  Crocodilia  of  the  Pur- 
beck  series,  I  have  come,  as  I  believe,  upon  a  relation  of  them  to 
their  contemporary  diminutive  mammals  at  once  most  interesting 
and  unsuspected.  The  Spalacotheres,  Peralestes,  Stylodons,  Trico- 
nodons,  &o,  of  the  freshwater  deposits  of  the  "Feather-bed" 
may  well  have  been  the  prey  of  the  Crocodiles  of  the  period ;  for 
these  Crocodiles  were  reduced  to  dimensions  which  forbade  them 
to  disdain  such  succulent  morsels,  and,  at  the  same  time,  they 
were  suitably  armed  and  limbed  for  the  capture  of  the  little  mar- 
supials. 

The  characters  of  one  of  these  dwarf  Crocodiles  I  now  propose 
briefly  to  submit  to  the  Geological  Society ;  fuller  details  and 
illustrations  of  this  and  other  small  crocodilian  genera  and  species 
will  appear  in  the  forthcoming  volume  of  the  Palceontographical 
Society. 

The  subjects  of  the  annexed  Plate  (PI.  IX.),  all  of  the  natural 
size,  are  selected  from  numerous  evidences  of  the  species,  which  I 
propose  to  name  TJieriosuchusi  pusiUus. 

These  and  other  Crocodilian  evidences  of  the  Purbeck  period  have 
been  brought  to  light,  or  completely  exposed,  by  operations  upon 
the  residuary  slabs  of  "  Feather-bed  "  marl  which  accompanied  the 
Becklesian  collection  to  the  British  Museum,  when  the  negotiations 
for  the  purchase  of  the  whole  were  concluded. 

They  are  very  numerous,  chiefly  consisting  of  scattered  teeth,  scutes, 
vertebne,  and  detached  limb-bones,  but  likewise  of  a  few  skulls  and 
mandibles,  and,  in  one  or  two  instances,  of  considerable  portions  of 
naturally  connected  skeletons.  The  scattered  parts  associated  with 
these  have  served  for  the  ascription  to  their  several  species  of 
answerable  bones,  teeth,  and  scutes  not  so  associated. 

At  the  first  aspect,  detecting  in  the  scattered  groups  of  scutes  speci- 
mens showing  the  peg  (PI.  IX.  ^g.  10,  a)  and  groove  (flg.  11,  S),  it 
seemed  as  if  remains  of  some  young  specimens  of  Ooniopholis  had 
been  brought  to  light.  The  condition,  however,  of  two  of  the  skulls, 
one  of  which  has  yielded  the  subjects  of  figs.  1, 2, 3,  PL  IX.,  enabled 
a  comparison  to  be  made  which  determined  their  specific  and,  by 

*  *  Besearches  on  the  Foaeil  Bemains  of  the  Extinct  Mammals  of  Australia** 
Ac  4to,  1877,  ToL  L  p.  16,  pL  i.  figs.  26,  26a. 

t  Op.  cit.  vol.  i.  pp.  58,  64,  pi.  iii.  figs.  7,  7a,  11-19. 

X  Gr.  Bfipiovt  wila  beast ;  aovxot,  Egyptian  name  of  crocodile. 
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their  dentition,  generic  distinction  from   both  Goniopholis*   and 
Petrosxichusf. 

The  number  of  maxillary  and  mandibular  specimens,  of  which 
three  are  figured  in  PL  IX.  figs.  4,  5  and  7,  exemplified  a  degree  of 
constancy  in  size  which  begat  a  conviction  that  such  was  a  character 
of  the  species ;  and,  diminutive  as  were  the  Beptilia  in  question, 
their  characters  were  indisputably  those  of  the  order  C]x>codilia. 
One  of  them,  by  the  size  and  shape  of  certain  teeth,  came  nearer  to 
Ooniopholis;  another,  by  the  same  characters,  resembled  Petrosuchus\ 
but  the  differences  were  such  as  could  not  have  been  obliterated  by 
growth  or  age. 

Theriosuehus  approaches,  like  Gomopholis,  nearer  to  the  type  of 
the  broad-faced  Alligators  in  the  proportion  of  the  antorbital  part 
of  the  skull  (fig.  1,  0,  n)  ;  but  the  dentition  is  more  modified  than 
in  any  other  known  Crocodile,  recent  or  extinct,  and  approaches 
nearer  to  that  which  characterizes  the  Theiiodont  order  of  Triassio 
Reptilia^:. 

The  premaxillary  teeth,  five  in  number  in  each  bone,  are  small ; 
the  three  middle  ones  subequal,  the  first  and  fifth  smaller;  the 
maxillary  tseth  are  divisible  into  laniaries  (Gg.  3,  l)  and  camassials 
or  trenchant  molars  (ib.  m).  The  first  maxiDary  tooth  is  small, 
the  second  and  third  gain  quickly  in  size,  the  latter  (fig.  5,  a) 
assuming  the  character  of  a  canine;  the  fourth  tooth  (ib.  b,  and  fig.  6,6) 
is  a  still  larger  canine ;  the  fifth  (fig.  6,  c)  and  sixth  (rf)  decrease  in 
size  somewhat  suddenly,  but  in  length  rather  than  breadth  of  crown, 
and  terminate  the  series  projecting  from  the  convex  part  of  the 
alveolar  border  of  the  maxillary  ;  the  tooth  e  or  d  may  be  said  to 
terminate  the  laniary  series.  Beyond  d  the  teeth  lose  length  and 
slightly  gain  in  breadth ;  the  crown  assumes  a  triangular,  laterally 
compressed  or  'lamellate  form,  and  the  enamel  is  traversed,  on  the 
outside,  by  fine  but  distinct  lines  (fig.  6,  «). 

Of  these  sectorial  or  camassial  molars,  some  of  the  detached 
specimens  of  maxillary  bones  (figs.  4  and  5)  indicate  as  many  as 
eight  or  nine.  The  broad  base  or  root  of  each  tooth  is  not  inserted 
into  a  separate  socket,  but  is  lodged  in  a  recess  of  the  outer  alveolar 
wall;  moreover  the  partitions  between  these  recesses  are  low  or 
partial,  and  the  teeth  appear  to  have  been  applied  thereto,  without 
being  so  completely  confluent  therewith  as  in  the  pleurodont  mode  of 
fixation  of  the  teeth  in  certain  lizards  §.  Henco  in  some  of  the 
specimens  of  the  maxillary  bone  the  incisors  and  canines  only  are 
retained,  being  rooted  each  in  its  own  complete  socket,  while  the 
molars  have  fallen  out,  and  their  partially  separated  recesses  aro 
shown  as  in  the  figures  cited. 

In  the  lower  jaw  the  foremost  tooth  is  rather  larger  than  those 
which  interlock  with  tho  middle  premaxillary  or  'incisor'  teeth 
above  ;  but  not  any  of  the  succeeding  laniary  teeth  attain  the  size 

*  *  Monograph  of  Purbeck  Beptilia/  Pal.  toI.  4to,  1878,  pis.  L-iv. 

t  Ih.  ib.  p.  10,  pi.  Ti. 

X  Quart.  Joum.  Geol.  Soc.  1876,  vol.  xxxii.  p.  99. 

§  Sec  '  Odontography,*  p.  266. 


Digitized  by 


Google 


DWABF  0B0C0DILE8  AITD  DIXIKVTiyB  XAMUALS.  151 

of  the  upper  canines.  The  twelfth  tooth,  counting  backwards, 
aasumes  the  lamellate  triangular  shape  of  striate  crown  charac- 
teristic of  the  superior  sectorials ;  and  the  inferior  ones  were  lodged, 
like  those  abore,  in  a  coihmon  depression  of  an  outer  alveolar  wall, 
dereloping  the  ridges  dividing  such  depression  into  the  dental  re- 
cesses, as  shown  in  ^g,  7. 

This  approximation  to  a  lacertian  dental  character  might  seem 
ground  for  something  more  than  a  family  section  of  the  Order  Cro- 
oodilia.  But  the  quasi-pleurodont  attachment  of  the  hinder  teeth 
in  Theriosuchus  is  only  an  extension  of  the  character  affecting  some 
of  those  teeth  in  existing  species  of  Crocodile*,  and  successional 
teeth,  or  their  indications,  are  in  crocodilian  relation  with  the  roots 
of  the  teeth  to  be  displaced. 

In  the  cranial  platform  of  TJieriosuehus^  fig.  1,  the  median  parietal 
part  of  the  hind  border  is  less  convex,  and  the  two  outer  parts  are 
more  concave,  by  reason  of  the  further  backward  production  of  the 
mastoids  (la),  than  in  the  contemporary  dwarf  Crocodile  which  I 
have  called  Nannosuchns.  The  lateral  borders  of  the  sculptured 
part  of  the  platform  are  more  convex  than  in  Goniopholis  or  Petro- 
surhtis.  This  is  owing  to  the  greater  proportion  of  the  outer  and 
posterior  angles  of  the  platform,  which  is  abruptly  depressed  below 
the  level  of  the  sculptured  surface  of  the  mastoid,  and  which  be- 
comes smooth  like  the  contiguous  and  lower- placed  tympanic.  This 
character,  shown  in  the  subject  of  fig.  1,  Plate  IX.,  usefully  indicated 
fragmentary  parts  of  the  skull  of  other  individuals  of  the  species. 
The  supratemporal  vacuities  (T)  are  relatively  larger  than  in  Gonio^ 
pholis.  The  intervening  tract  of  the  parietal  (7),  more  canaliculate 
than  in  the  larger  species,  is  divided  by  a  mid  ridge  in  two  of  the 
cranial  specimens,  and  partially  so  in  the  more  complete  skull, 
fig.  1.  No  palpebral  ossicle  is  preserved  in  the  orbit,  0  ;  the  pointed 
ends  of  the  nasals  are  produced  so  as  to  divide  the  outer  nostril 
into  two  (fig.  1,  n,  n),  as  in  some  specimens  of  Crocodilua  niger ; 
were  this  a  character  of  generic  value  it  might  unite  Therwsuchtia 
with  ffalcrosiaf  Grayt. 

The  alveolar  part  of  the  maxillary  in  which  the  canines  are  de- 
veloped makes  a  corresponding  convex  extension  of  its  outer  border, 
as  in  Ooniopholis,  The  extent  of  the  '  symphysis  mandibulaD  *  and 
the  angle  of  divarication  of  the  same  are  shown  in  fig.  2. 

The  matrix  being  removed  fi*om  the  palatal  surface  of  the  skuU, 
fig.  2,  exposed  the  orifice  of  the  Eustachian  canal, «,  the  palato-naris, 
2>n,  the  pterj'goids,  24,  the  palatines,  20,  portions  of  the  palatal  plates 
of  the  maxOlary,  21,  and  the  pterygo-maxillary  vacuities,  y.  The 
vertebr©,  fig.  12,  of  Theriosuchus  are  amphiplatyan.  The  humerus, 
fig.  8,  and  the  femur,  fig.  9,  have  the  Crocodilian  structure. 

♦  I  hare  noted  it  in  the  Alligat<yr  niger,  "  No.  765.  The  right  ramus  of 
the  lower  jaw,  from  which  the  posterior  part  of  the  inner  alveolar  wall  has 
been  remored,  Bhowine  the  five  poaterior  teeth  lodged  in  a  common  alveolar 
grooTe.**  Osteological  Catalogue,  Museum  of  the  Koyal  College  of  Surgeons, 
4to,  Tol.  i.  p.  167  (1853). 

t  Trans.  Zool.  Soc.  toI.  ri.  p.  135. 
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In  Thenostichus  the  breadth  and  shortiiess  of  the  antorbital  part 
of  the  skull,  in  proportion  to  the  part  behind,  exceeds  that  in  any- 
modern  broad-snouted  Crocodile.  Even  in  the  young  '  Crocodile  k 
deux  arretes/  figured  in  plate  i.  of  Cuvier's  '  Ossemens  Fossiles'*,  a 
transverse  line  across  the  fore  part  of  the  orbits  equally  bisects  the 
skull,  omitting  the  mandible.  In  Theriosuchus  the  same  line  leaves 
in  advance  six  thirteenth  parts  of  the  length  of  the  skull. 

This  proportion  suggested  at  first  view  the  immature  state  of  the 
individual.  But  of  the  numerous  evidences  of  Theriosuchus  pusillus, 
none  were  larger  than  those  figured  in  Plate  IX.,  and  several  other 
fragmentary  evidences  of  the  species  had  come  from  still  smaller 
individuals. 

I  conclude,  therefore,  that,  as  in  the  case  of  most  species  notable 
for  their  diminutive  size,  immature  characters  of  the  larger  species 
of  the  genus  are  associated  with  such  dwarfishness  of  the  adults. 

I  estimate  the  average  length  of  a  mature  Theriosuchus  at 
18  inches.  The  length  of  the  skull,  taken  as  that  of  the  mandible, 
is  3  inches  6  lines.  In  the  articulated  skeleton  of  a  modem  Croco- 
dile the  angle  of  the  lower  jaw  extends  to  the  third  cervical  vertebra. 
In  Alligator  lucius  the  trunk,  from  the  third  cervical  to  the  last 
sacral  vertebra  inclusive,  is  nearly  equal  to  two  lengths  of  the  skull ; 
the  length  of  the  tail  is  %  lengths  of  the  skull.  The  trunk  of 
Theriosuchus^  so  defined,  includes  two  lengths  of  the  skull ;  the  tail, 
as  indicated  by  a  portion  of  skeleton  preserved,  equalled  2^  lengths 
of  the  skull.  In  the  long-jawed  Gavials  and  Teleosaurs  the  trunk 
includes  about  1^  length  of  the  skull ;  but  the  tail  is  proportionally 
longer  than  in  the  short-  and  thick-jawed  Crocodiles. 

The  actions  and  consequences  of  a  Theriosuchus  submerged  with 
"  a  warm-blooded  animal "  of  the  size  of  a  shrew  or  rat  in  its  mouth 
might  not  excite  the  physiologist  to  analyze  results  and  relations  to 
palato-narial  arrangements.  The  case  is  otherwise  with  a  "  large 
and  powerful  mammalian  quadruped'*  in  that  predicament;  its 
amphibious  captor  would  not  escape  choking  by  the  mere  "  closure 
of  the  external  nostrils." 

Let  any  F.G.S.,  with  his  head  under  water,  hold  his  nose  and 
open  his  mouth,  and  he  will  experience  some  trouble  at  the 
glottis. 

The  exclusion  of  water  from  the  lungs  is  truly  the  important 
matter  ;  and  I  fear  my  allusion  to  the  mechanism  for  that  purpose, 
which  is  pecuL'ar  to  the  Neozoic  Crocodiles  t,  was  too  brief  to  dispel 
a  possible  haziness  of  conception  of  such  mechanism. 

A  Crocodile,  having  seized  and  submerged  a  tiger  or  a  buffalo, 
admits  the  water  into  its  wide  unlabiate  mouth  by  the  spaces  to 
which  the  thickness  of  the  part  gripped  keeps  asunder  the  upper  and 
the  lower  jaws.  Thus  the  part  of  the  mouth  not  occupied  by  the 
prey  is  filled  with  the  fluid  in  which  the  mammal  is  being  dragged 
and  drowned. 

*  Quarto,  tome  y.  2*  partie. 

t  Quart  Joum.  Qeol.  Soc.  vol.  xxzir.  p.  423. 
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Admitting,  for  Mr.  Hulke's  arg:ument,  that  the  outer  nostrils  of 
a  Crocodile,  with  their  dense  tegumentary  boundary,  could,  like 
those  of  a  seal,  be  shut  by  the  action  of  a  sphincter,  exclusion  by 
such  narial  opening  of  the  watery  element  would  not  affect  its 
entry  by  the  mouth  forced  open  by  the  seieed  and  struggling 
mammal. 

The  question  is,  supposing  the  water  to  be  stopped  out  of  the 
anterior  aperture,  how  is  it  to  be  excluded  from  the  posterior  one 
of  the  narial  canal  and  at  the  same  time  firom  the  entry  of  the  wind- 
pipe? 

And  here  comes  the  point  for  consideration  in  the  comparison  of 
Mesozoic  and  Neozoic  Crocodiles  with  relation  to  their  enemies  and 
their  prey. 

In  all  the  Crocodiles  contemporary  with  ''  large  mammals  "  there 
is  a  double  yalvular  structure  at  the  back  of  the  mouth  which  pre- 
vents the  water  that  may  fill  and  be  flowing  through  the  mouth 
from  getting  into  either  the  hinder  nostril  or  into  the  glottis.  One 
valve  is  fleshy  and  membranous ;  it  hangs  from  the  hind  part  of 
the  palate,  and  answers  to  our  "  velum  palati : "  the  other  valve  is 
peciUiarly  Crocodilian,  at  least  in  size  and  shape;  it  is  a  broad 
gristly  plate  which  rises  from  the  root  of  the  tongue,  carrying  with 
it  a  covering  of  the  lingual  integument ;  and,  when  the  palatal  valve 
is  applied  to  it,  they  form  together  a  complete  partition-wall,  closing 
the  back  of  the  mouth,  between  which  and  the  back  nostril  it  is 
situated  ;  it  may  be  compared  to  a  broad  epiglottis,  shutting  off  the 
glottis  from  the  mouth. 

To  make  this  complex  mechanical  structure  available,  the  back 
nostril  is  singularly  reduced  in  size,  and  such  reduction  is  shown  in 
the  skull.  The  small  relative  palato-narial  orifice  in  proccelian  or 
Neozoic  Crocodilia  is  truly  striking  when  contrasted  with  the  size 
of  the  palato-nares  in  lizards  and  in  amphicoelian  or  Mesozoic 
Crocodilia  *. 

But  this  is  not  the  only  character  or  condition  of  the  proccelian 
palato-naris  which  renders  the  adaptation  of  the  valvular  machinery 
available  for  its  purpose.  In  Neozoic  Crocodiles  the  palato-naris  is 
placed  far  back — farther  back  than  the  basihyal — and  its  plane, 
instead  of  being  horizontal,  is  tilted  up  at  the  angle,  which  makes 
the  operation  of  the  two  parts,  or  "  folding-doors  ''  of  the  partition, 
most  effective  in  closing  the  oral  chamber  posteriorly  f. 

What  the  modifications  of  the  soft  soluble  parts  of  the  hyoid  and 

*  This,  indeed,  deceived  De  BlainTiUe  and  Bronn  as  to  the  homology  of  the 
palato-naree  in  Teleosaurus ;  see  '  Abhandlungen  iiber  die  Gavialartigen  Rep- 
tilien  der  Lias-Formation,*  fol.  1841,  pp.  12,  Itt,  24. 

t  See  my  "  Anatomy  of  the  Sharp-nosed  Crocodile  (Oroc.  acutus,  Cut.),'*  in 
the  Proceedings  of  the  Committee  of  Science  &o.  of  the  Zoological  Society  of 
London,  October  25,  1831,  part  i.  p.  139— in  which,  after  comparison  with 
^e  Egyptian  Crocodile  (Croc.  Mtchus,  Geof),  I  "explained  the  uses  of  the 
apparent  closure  of  the  fauces,  in  which,  on  looking  into  the  mouth,  no  orifice 
or  passage  for  the  food  was  perceptible ;  and  remarked  on  the  necessity  for  so 
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palate  may  have  been  in  amphicoalian  Crocodiles  we  may  never 
know ;  but  the  large  relative  size,  the  forward  position,  and  the 
horizontal  plane  of  the  bony  openings  oppose  the  application 
thereto  of  any  such  special  and  complex  valvular  structures  as 
anatomy  has  revealed  in  existing  Crocodiles. 

If  the  submergence  of  the  Crocodile  with  its  "  large  mammalian  " 
prey  should  continue  so  long  as  to  render  it  needful  for  the  reptile 
to  "  take  a  fresh  breath/'  it  can  protrude  its  prominent  snout  from 
the  surface  and  inhale  a  current  of  air  which  will  traverse  the  long 
"  meatus  "  and  enter  the  glottis  by  the  chamber  common  to  nose  and 
windpipe,  which  is  shut  out  from  the  mouth  by  the  modifications  of 
a  "  velum  palati "  and  "  epiglottis  "  above  explained.  The  same  effect 
results  from  the  "uninterrupted  tube  "  in  the  procoelian  Crocodiles  as 
in  that  of  the  Cetacea.  A  teleologist  must  admit  that  "  the  con- 
trivance is  admirable  ;"  it  is  equally  effectual  in  both  cases,  and  a 
Paley  might  expatiate  upon  the  diversity  of  means  by  which  the  end 
is  attained. 

But  we  have  no  ground  for  inferring  such  means  from  the  stme- 
ture  of  the  bony  psdate  in  the  fossilized  skulls  of  the  amphiccBlians ; 
nor  does  our  present  knowledge  of  mammalian  life  in  the  Mesozoic 
periods  encourage  any  belief  that  it  was  needed, 

EXPL.iNATION  OF  PLATE  DC 

Fig.  1.  Upper  yiew  of  skull  of  Theriosuchus  pttsiUus. 

Fig.  2.  Under  view  of  the  same  skulL 

Fig.  3.  Side  view  of  the  same  skull. 

Fig.  4.  Left  maxillary,  inner  side  view,  young  individual ,  of  Tkerumtekus. 

Fig.  5.  Right  maxillary,  outer  side  yiew,  of  full-grown  indiTidnal. 

Fig.  6.  Crowns  of  large  canine  and  three  following  teeth,  magnified. 

Fig.  7.  Dentary  bone  and  fragments  of  mandible,  inner  side  view. 

Fig.  8.  Portions  of  humerus,  ulna,  and  radius. 

Fig.  9.  Femur. 

Fig.  10.  Outer  surface  of  medio-dorsal  scute?. 

Fig.  11.  Liner  surface  of  ditto. 

Fig.  12.  Two  dorsal  vertebrae,  under  view. 

All  the  figures,  save  6,  are  of  the  natural  size. 


complete  a  safeguard  of  the  larynx  in  an  animal  breathing  air,  but  destroying 
its  living  prey  by  submersion  in  water." 

Geoffroy  St.-Hilaire,  *  Description  des  Reptiles  de  TEgypte,*  p.  236. 

Hunter  had  left  a  preparation  demonstrating  the  same  structure,  which  it 
described  in  the  *  Oatalogiie  of  the  Physiological  Series  in  the  Museum  of  the 
Royal  College  of  Surgeons,*  4to,  1832,  vol.  iii.  p.  72,  Prep.  No.  1466. 

See  also  Ouvier,  '  Lemons  d'Anat.  Compar^e,*  8vo,  tome  iv.  (1805),  p.  2S4. 
"Les  ouvertures  internes  des  narines  sont  tr^s  en  arri^re  dans  cet  animal, 
oontre  I'ordinaire  des  autres  reptiles,"  which  other  reptiles  include  the  Orocodilei 
not  procoelian  or  Neozoic. 
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DiBCuseioN. 

Mr.  HuLKE  remarked  on  the  resemblance  of  the  under  and  upper 
sides  of  the  skull  described  to  that  of  Ooniopholis, 

Prof.  Sbeley  demurred  to  the  nomenclature  employed  by  the 
author  in  describing  teeth,  and  especially  to  his  statement  that  in 
this  and  other  Crocodilians  there  were  several  canines. 

Prof.  Owen  stated  that  he  had  used  the  term  canine  in  reference 
to  the  relative  size  and  form  of  the  teeth  of  Crocodiles,  and  not  to 
their  position  in  the  jaws. 
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11.  A  MrcBoscopiCAL  Study  of  some  Huboihan  Cla.y-8Ljltb9. 
By  Dr.  Arthub  Wichmann.     (Read  June  19, 1878.) 

[Communicated  by  the  President.] 

Introduction. 

Greatbb  attention  has  lately  been  paid  to  the  microscopical  study  of 
clay-slates  and  slate-days,  giving  rise  to  a  number  of  researches 
the  results  of  which  may  be  found  in  the  classical  paper  of  Zirkel*. 
The  principal  object  of  these  investigations  has  been  to  discuss  the 
origin  and  'formation  of  the  crystalline  constituents  contained  in 
clay-slates,  and  they  have  chiefly  extended  from  Silurian  and  De- 
vonian to  rocks  of  the  recent  period.  Such  clay-slates  as  belong  to 
Archsean  districts  might  also  claim  the  privilege  of  a  certain  in- 
terest, especially  as  the  presence  of  these  crystalline  constituents 
has  been  used  to  solve  geological  problems.  The  day-slates  which 
I  have  examined  occur  in  the  Huronian  region  of  Lake  Superior. 
The  respective  rocks  are  in  the  collection  of  Major  T.  B.  Brooks, 
Marquette,  Michigan,  who  placed  them  at  my  disposal,  chiefly  for 
the  sake  of  microscopical  examination. 

Hermann  Credner  in  his  paperf,  "  Die  vorsilurischen  Gebilde  der 
*  Oberen  Halbinsel '  von  Michigan,  in  Nord-Amerika,"  gives  us  a 
partial  description  of  the  geological  appearance  of  these  rocks. 
Farther  information  may  be  obtained  from  the  Geological  Survey  of 
Michigan^,  to  which  we  shall  refer  hereafter. 

Those  clay-slates  which  appear  in  the  Huronism  region  are  found 
to  be  separate  strata,  deposited  on  the  upper  strata  of  quartzite,  ex- 
tending, as  Herm.  Credner  states  §,  to  a  depth  of  8500  feet,  and  form- 
ing layers  between  the  quartzite  and  dolomite.  They  chiefly  repre- 
sent true  clay-slates,  not  different  in  appearance  from  those  of  other 
geological  periods.  Subordinate  strata  are  formed  by  hard  brittle 
novaculite  (whetstone),  of  a  yellowish-grey  colour.  Carbonaceous 
slates  and  shales  are  generally  found  in  black  masses,  and  may 
be  added  to  the  slate-days. 

The  following  Table  by  T.  B.  Brooks  and  Herm.  Credner  shows  the 
relations  and  dassiflcation  of  the  clay-slate  strata. 

♦  Pogg.  Ann.  oxliv.  1871,  p.  319. 

t  Zeitflcbrift  d.  deutschen  geol.  Ges.  1869,  p.  534. 

I  Michigan  Ckolog.  Surrey,  toL  i.  &  ii.  (New  York).  §  Loc,  cit,  p.  553. 
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Huronian  System, 


T.B.  Bboom*. 
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VIIL 
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IX 

XL 

XIU. 


XIV. 


Beds  of  siliceous  femigi- 
nous  sohisto,  alternating 
with  chloritio  schists  and 
diorite. 


Quartzite,  sometimes  con- 
taining marble  and  beds 
ofot^^^and  novaculiU. 


SiliceoQsferruginouBSohists, 


-  Dioritic  rocks. 

Specular  and  magnetic  ore 
associated  with  mixed  ore 
and  magnesian  schist 

Quartzite  often  conglome- 


HkBM.  OnBDNBBt, 

I.    Quartxiteand  chlorite^ 
schists 

II.  Diorites  alternating 
with  siliceous,  fer- 
ruginous, and  man- 
ganous  schists  and 
quartzite 

in.  Talcose  and  chloritic 
schists  and  magnetic 
iron-ore ^ 

IV.  Siliceous  ferruginous 
schists  and  specular 
ore  with  beds  of  ser- 
pentine   / 

V.  Crystalline  dolomitic^ 
Hmestone,  contain- 
ing beds  of  clay-ilate 
and  chlorite  sdiistfl ; 
many  layers  of 
quartette 


feet. 
2500-.350O 


2500-8000 


^'  ^^su  ^^^^''"•Jeoo-iooo 


vn. 


Chlorite  schists  with] 
beds  of  ferruginous  \  1200 
schists    J 
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vm. 

Clay-date    containing 

XV. 

day-date  or  argiUite. 

beds  of  quartrite  ... 

XVL 

Uncertain:  it  contains  some^ 

IX 

Chlorite   schists  with 

times  some  soft  haematite. 

beds  of  dionte 

XVll. 

Anthophyllitic  schist  con- 

X 

Talcose  schists  contain- 

taimng iron   and   man- 

ing dolomiUo  lime- 

ganese. 

stone,  quartz-schists, 
and  beds  of  diorite .. 

xvin. 

DouUAil. 

XI. 

Diorite  

xvsc 

Mica  -  schist,      containing 

XII. 

Talcose  schists  

staurolite,       andalusite, 

and  gamete. 

XX 

Granite^. 

1 8500 
1 1300 

[800 

2300 
1500 


T.  B.  Brooke,  in  his  classification,  refers  solely  to  the  conditions  of 
the  Marquette  region,  because  the  concordance  with  the  Menominee 
region  is  not  yet  ascertained. 

A.  Clay-iUU%. 

Hardly  any  difference  can  he  perceived  between  the  external  ap- 
pearance of  these  rocks  and  those  of  later  periods.    Although  their 

*  Michigan  Geoloff.  Surrey,  toL  i.  p.  83.  t  Loc,  cit. 

iAmer.  Joum.  of  Science  and  Arts,  toI.  xi.  March  1875. 
Mich.  Geol.  Surrey,  toL  i.  p.  111. 
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usual  colour  is  dark  brown  or  black,  they  sometimes  appear  of  a 
faint  red  tint.     Their  specific  gravity  is  on  the  average  2*75. 

Our  microscopical  investigations  have  also  proved  a  composition 
corresponding  with  that  of  clay-slates  of  other  formations.  We  at 
first  perceive  a  colourless  isotropic  ground-mass,  in  wJiich  the  other  con- 
stituents are  apparently  imbedded,  whilst  throughout  are  found  dust- 
like particles  of  a  deep  grey  colour,  which  represent  the  chief  con- 
stituent, and  consist  probably  of  clay-substances,  the  greater  part  of 
them  probably  of  kaolin.  Sorby*  has  adverted  to  the  fact  that  the 
extremely  minute  granules  of  kaolin  of  days,  when  mounted  in 
Canada  balsam,  may  be  almost  or  quite  invisible  (these  two  sub- 
stences  having  nearly  the  same  indices  of  refraction),  whereas 
when  examined  in  water  there  is  no  difficulty  in  recognizing  these 
granules.  Now  and  then  quartz  occurs  in  the  form  of  small  frag- 
ments, which  are  easily  to  be  recognized  by  polarized  light. 
Felspar  is  very  rarely  seen,  and  even  then  only  in  very  indistinct 
fragments,  whilst  mica  is  more  jfrequently  found.  Eeddish-broum 
particles  of  hydrated  oxide  of  iron  are  not  unfrequent.  The  black 
flakes ,  which  appear  very  often,  consist  of  coal;  they  disappear 
when  the  clay-slate  is  placed  before  the  blowpipe-flame.  A  difference 
is  observed  in  the  proportion  of  the  crystalline  constituents.  The 
microlites  of  an  unknown  mineralogical  nature  called  "  clay-slate 
needles,"  which  appear  in  great  numbers  in  the  German  clay-slates, 
are  here  entirely  absent. 

Besides  a  few  other  minerals,  hamatite  and  tourmaline  frequently 

appear.     Most  beautiful  individuals  of  tourmaline  are  found  in  a 

clay-slate  (8. 32,  T.  40,  E.  36, Wisconsin  t)  as  perfect  crystals,  as  well 

as  in  fragments,  0-015-0-06   millim.  in  length,  and  0-003-0-025 

millim.  in  breadth.   In  accordance  with  the  investigations  of  Anger  t 

and  Svedmark  §,  we  may  state  that  a  comparatively  frequent  hemi- 

morphism  of  crystals  occurs ;  their  colour  is  greyish  green,  and  they 

show  a  strong  dichroism  when  tested  with  a  single  Nicol's  prism. 

Crystalline  fragments  are  often  found  near  one  another,  so  that  the 

original  crystal  can  be  reconstructed  in  imagination  without  any 

difficulty.     Tourmaline  is  also  found  in  exquisite  crystals,  as  well  as 

in  fragments,  in  other  clay-slates  from  Wisconsin  (8.  28,  T.  39,  B.  18, 

and  8.  14,  T.  40,  R.  18).     This  mineral  occurs  less  frequently  in 

the  clay-slates  of  Michigan ;  and  in  some  specimens  from  the  Cho- 

itfarble  Quarrj%  Marquette,  it  was  entirely  absent.     Besides 

line,    small    yellowish-brown  and  red  transparent  crystals, 

•emind  us  vividly  of  zircon,  as  described  by  Zirkel||;  were  per- 

n  clay-slate  from  Slate  River,  Michigan. 

atite  appears  in  exceedingly  small,  well-shaped,  hexagonal 

.     Some  are  transparent,  of   a   blood-red   colour,  but   the 

number  are  opaque.      This  mineral  also  occurs  in  varying 

roscop.  Joum.,  March  1877. 

)8e  numbers  indicate  the  localities  from  which  the  specimens  were 

as  marked  upon  the  Survey  Maps. 

lermak,  Mineralog.  Mittheil.  1875,  p.  162. 

I.  Forening.  Stockbolm,  1877,  No.  38. 

es  Jtihrb.  f.  Mineralog.  etc.,  1876,  p.  628. 
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quantities  in  thin  sections  which  come  from  the  same  locality,  but 
it  is  always  present. 

The  occurrence  of  narrow,  rod-like,  colourless  crystals  in  some 
specimens  is  very  striking ;  but  being  very  small,  they  cannot  be 
identified  with  a  distinct  mineral.  It  may  be  thaf^they  belong  to 
the  class  of  felspars.  On  an  average  they  are  0*01  millim.  in 
length.  They  are  deposited  parallel  to  the  slate-plane,  and  appear 
one-coloured  by  polarized  light.  Specimens  with  distinct  crystals 
occur  in  the  Chocolate-Marble  Quarry,  Michigan ;  they  occur  also 
very  abundantly  in  the  novaculites  which  are  yet  to  be  described. 

Mica  can  be  recognized  as  a  crystalline  constituent  chiefly  when 
it  is  found  in  radiating  fragments  ;  otherwise  it  is  difficult  to  recog- 
nize it  as  either  a  clastic  or  a  crystalline  constituent.  It  is  found 
in  almost  colourless  thin  laminse,  which  often  exhibit  a  fibrous  struc- 
ture like  sericite.  Many  attempts  have  been  made  to  identify  these 
laminas  with  talc;  but  to  justify  this,  magnesia  ought  to  be  contained 
in  greater  quantity  in  these  rocks.  It  is  very  remarkable  that  the 
mica-laminae  should  be  only  sometimes  deposited  parallel  to  the 
slate-plane ;  such  is  the  case  with  a  clay-slate  near  centre  of  S.  13, 
T.  50,  R.  32,  Michigan. 

Some  parts  of  the  ground-mass  show  a  crystalline  structure.  This 
is  only  to  be  seen  by  polarized  light,  because  these  parts  consist  of 
an  aggregation  of  irregular  spots,  bluish  and  bluish-grey  in  colour, 
and  vanish  by  degrees  into  the  amorphous  ground-mass.  It  is  pos- 
sible that  these  parts  represent  either  quartz  or  a  crystalline  silicate, 

Calcite  cannot  be  considered  a  constituent  of  these  clay-slates, 
although  thin  veins  of  this  mineral  are  foimd  interspersed  within 
the  rocks. 

T.  B.  Brooks*  mentions  a  clay-slate  containing  garnet,  which  was 
disoovered  at  Champion  Mine,  Michigan. 

Zirkelf  has  not  ascertained  whether  the  colourless  ground-mass, 
which  represents  the  cement  of  all  constituents,  is  opal  or  a  porodine- 
amorphous  silicate.  Some  time  ago;t:  we  expressed  our  opinion 
that  it  might  be  a  porodine-amorphous  silicate,  amorphous  quartz  of 
ante-Tertiary  age  not  being  known.  Besides,  clay-slate  is  charged 
with  too  little  silica  (50  to  64  per  cent.)  to  encourage  us  to  consider 
the  cement  as  opal. 

B.  Novaculite  (  Whetstone), 

Novaculite  is  a  very  hard  brittle  day-slate,  generally  of  a  yellow- 
ish-grey colour.  The  abundant  presence  of  crjstaUine  aggregates 
in  contrast  with  the  decreased  amorphous  ground-mass  is  proved  by 
the  microscope.  These  aggregations,  which  account  for  the  well- 
known  hardness  of  this  slate,  consist  chiefly  of  quartz.  Besides 
these,  various  kinds  of  crystals  and  fragments  of  tourmaline  are 
found,  the  latter  also  appearing  in  foim  of  microlites.  Blood-red 
lamina  of  hamatiU,  often  possessing  a  distinct  hexagonal  form,  are 

*  Loc.cit, 

t  Mikroskop.  Beeohaff.  p.  493  (1873).  t  N.  Jabrb.  f.  Min.  1876,  p.  917. 


Digitized  by 


Google 


160  JL.  WICHMAITK  OK  JL  MICBORCOPICAL  STITBT 

not  unfrequenL  Colourless  folia  of  mica  are  deposited,  mostly  parall^ 
to  the  slate-plane.  Garnet  appears,  in  addition  to  these  minerals,  in 
more  or  less  abundance.  It  has  been  already  discovered  by  Zirkel 
in  a  novaculite  from  Recht,  in  the  Ardennes,  and  also  by  Svedmark 
in  a  Cambrian  day-slate  from  Lemmingtorp,  in  Eastgotland«  The 
comparatively  great  hardness  of  novaculite  may  he  accounted  for  partly 
by  the  presence  of  garnet.  This  mineral  generally  appears  in  the 
form  of  rounded  grains,  seldom  in  distinctly  defined  crystals  (rhom- 
bic dodecahedra).  They  are  easily  recognized,  being  colourless  or  of 
a  yellowish  colour,  and  possessing  a  rough  surface.  The  garnets  are 
much  fissured,  mostly  free  from  any  inclusions,  and  are  recognized 
as  perfectly  isotropic  bodies  when  seen  under  crossed  Nicols.  The 
above-mentioned  narrow,  rod-like,  colourless  crystals  also  appear  in 
novaculite.  The  crystalline  aggregations  partly  consist  of  quartz  ; 
partly  they  may  represent  an  indeterminate  silicate.  The  deep- 
grey  dust-like  substance  is  also  present,  but  in  much  less  quantity 
than  in  true  clay-«late. 

Typical  specimens  occur  in  Whetstone  Quarry,  Teal  Lake,  and 
Chocolate-Marble  Quarry,  Michigan. 

C.  Carbonaceous  Shales  and  Slates, 

There  is  little  in  these  rocks  to  repay  microscopical  examination, 
but  in  a  geological  point  of  view  they  are  of  the  greatest  importance 
in  the  Huroniin  system.  They  are  black  slates  aud  shales,  which 
are  proved  before  the  blowpipe  to  contain  considerable  quantities  of 
coal.  In  some  cases  the  amount  is  found  to  be  22*51  per  cent,*  We 
can  only  account  for  their  existence  by  the  destruction  and  disinte- 
gration of  some  former  organic  substance  which  had  been  deposited 
with  the  clay  mud  at  the  bottom  of  the  sea.  This  may  be  done 
by  the  same  reasoning  by  which  we  trace  the  presence  of  coal  in 
later  periods.  It  can  also  be  proved  that,  at  least  in  the  upper  strata 
of  the  Archaean  formation,  organisms  must  have  existed.  Julienf  be- 
lieves that  he  has  found  even  a  fucoidal  impression  in  such  a  slate. 
Their  spec,  gravity,  2-06,  is  considerably  lower  than  that  of  true 
clay-slate. 

In  thin  sections  black  opaque  particles  of  coal  form  the  largest 
proportion ;  they  are  of  quite  irregular  forms  and  mostly  grouped 
together ;  small  flakes  of  coal  are  also  found  in  abundance  in  the 
amorphous  clay-slate  substance.  This  is  especially  the  case  in  some 
specimens  from  S.E.  Smith  Mine,  Marquette,  Michigan.  A  peculiar 
arrangement  of  the  coal-particles  is  seen  in  a  slate  from  S.  11,  T.  39, 
R.  19,  Wisconsin  ;  they  have  been  deposited  parallel  to  the  slate- 
plane  in  such  a  manner  that  one  layer  consists  chiefly  of  coal-par- 
ticles. The  slate  containing  most  coal  is  that  from  UAnse  Iron 
Range,  Michigan.  Besides  the  constituents  already  mentioned, 
fragmentary  folia  of  colourless  mica  sometimes  occur.  Pyrites  here 
and  there  is  not  of  unfrequent  occurrence. 

It  is  proved  by  these  examinations  that  in  the  before-mentioned 

*  Mich.  GeoL  Surrey,  vol.  i.  p.  116.  f  Ibid,  YoLii.  p.  6 
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varieties  of  clay-slates  the  so-called  day-slate  needles  are  not  present. 
The  crystalline  constituents  are  chiefly  tourmaline,  haematite,  and 
quartz.  The  other  constituents  of  the  clay-slate,  as  well  as  their 
structure,  agree  in  general  with  former  investigations.  In  novaculite 
garnets  are  present.  In  the  carbonaceous  slates  and  shales  crystal- 
line constituents  seldom  appear.  Hie  former  existence  of  organisms 
may  be  inferred  from  the  presence  of  coal. 

D.  Probable  origin  of  the  Crystalline  Constituents  in  Clay-slate. 

Having  studied  the  structure  and  the  different  constituenta  of  our 
clay-slates,  we  must  now  consider  the  probable  origin  of  the  crys- 
talline minerals.     Three  possibilities  of  origin  may  be  accepted : — 

1.  The  crystalline  constituents  may  be  regarded  as  the  produce  of 
the  chemical  action  of  the  ocesm. 

2.  They  may  be  attributed  to  processes  of  metamorphism  which 
took  place  after  the  solidiflcation  of  these  rocks. 

3.  They  may  have  been  formed  after  the  deposition  of  clay-slate 
mud,  whUst  this  was  still  in  a  plastic  state. 

The  supposition  that  the  crystalline  constituents  already  existed 
in  the  rocks  which  supplied  the  material  for  the  formation  of  day- 
slate  will  scarcely  find  an  advocate.  The  formation  of  tourmaline 
with  its  distinct  outlines,  being  in  complete  contrast  to  that  of 
the  dastic  constituents,  contradicts  such  a  theory.  The  crystalline 
nature  being  recognized  by  all  authors,  such  a  possibility  need  not 
be  brought  under  consideration. 

1.  We  find  a  complete  statement  of  the  first  theory  in  a  paper  by 
G.  R.  Credner*.  It  is  very  important  that  the  propositions  adduced 
in  it  should  undei^o  a  minute  examination,  because  from  them  the 
most  important  consequences  ensue ;  whilst  we  must  acknowledge 
that  in  accepting  generally  this  principle,  we  have  come  much  nearer 
the  explanation  of  the  origin  of  the  crystalline  schists.  The  results 
of  the  paper  of  G.  R.  Credner  are  contained  in  the  following  propo- 
sitionst : — 

(1)  **  Crystalline  products  of  segregation,  such  as  Zirkel  has  de- 
monstrated in  the  Silurian  and  Devonian  clay-  and  roofing-slates 
side  by  side  with  their  clastic  constituents  are  not  confined  to  the 
above-mentioned  rocks  of  the  two  oldest  Fakeozoic  formations,  but 
rather  form  a  more  or  l^s  essential  constituent  of  every  slate-  and 
day-rock  hitherto  examined  of  all  (even  the  most  recent)  periods." 

(2)  "  In  general,  in  the  rocks  investigated,  the  part  taken  by  these 
crystalline  segregations  in  the  formation  of  the  rock  decreases  pari 
passu  with  the  geological  age.  A  Mesozoic  clay-rock  consequently 
consists  of  far  more  clastic  and  less  crystalline  material  than  a  Pa- 
laBozoic  one.  Carboniferous  dates  stand  in  the  same  relation  to 
those  of  the  Devonian  and  Silurian.  Isolated  exceptional  cases  may 
have  local  causes." 

We  do  not  readily  agree  lo  this.    The  number  of  examined  spe-* 

*  Zcitachrift  f.  d.  ges.  Naturw.  1874,  p.  605.  t  Ibid.  p.  622. 

Q.J.Q.S.  No.  137.  M 
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cimens  is  by  far  too  small  to  fix  such  a  law,  especially  if  we  con- 
sider that  even  among  these  there  are  some  exceptions.  G.  R. 
Credner  examined  only  two  specimens  of  clay  from  the  Tertiary 
period.  He  fonnd  in  clay  from  the  Isle  of  Wight  very  numerous 
microlites,  whilst  in  a  Tertiary  clay  from  Dolau,  near  Halle,  Germany, 
he  only  observed  very  few  and  minnte  crystalline  constituents.  At 
the  same  time  we  must  add  that  it  is  very  difficult  to  decide  on  the 
proportion  of  the  (aystalline  constituents  in  clay-slate  and  slate- 
clay. 

If  we  agree  that  this  statement  is  correct,  it  follows  that  the  older 
sedimentary  rocks  are  the  richer  they  must  be  in  crystalline  consti- 
tuents, till  we  finally  conclude  that  a  period  must  have  existed  in 
which  the  secretions  of  the  ocean  were  so  great  that  the  production 
of  crystalline  constituents  must  have  been  due  to  them ;  and  it  is  at 
this  that  G.  K.  Credner  evidently  aims.  In  this  manner,  also,  the 
important  question  respecting  the  origin  of  crystalline  schists  would 
be  solved.  We  should  like  first  to  point  out  that  the  secretory 
capability  of  the  ocean  requires  confirmation  ;  for  up  to  the  present 
time  no  proof  of  this  property  has  been  given,  and  therefore  the  idea 
cannot  be  admitted  into  the  discussion.  Nor  has  it  been  proved  that 
any  change  has  taken  place  in  the  chemical  composition  of  the  ocean 
during  the  course  of  geological  periods.  Thus,  for  instance,  the  day- 
slate  of  8.  28,  T.  39,  R.  18,  Wisconsin,  is  regularly  deposited  be- 
tween chlorite-schist  and  aotinolite-schist,  so  that,  according  to  G.  B. 
Gredner's  theory,  the  ocean  held  successively  in  solution  or  suspension 
first  chlorite,  then  clay,  then  actinolite,  a  fact  which  certainly  has 
not  been  proved. 

It  has  also  been  demonstrated  by  the  above-mentioned  investiga- 
tions that  the  proportion  of  crystalline  constituents  by  no  means 
coincides  with  this  theory.  If  some  day-slates  are  extraordinarily 
rich  in  crystaUine  constituents  there  are  others  which  contain  but 
small  quantities,  and  consequently  we  have  no  means  of  correctly 
ascertaining  the  proportion.  Still  greater  force  is  given  to  this 
argument  by  the  fact  that  we  made  more  numerous  examinations  of 
the  Huronian  clay-slates  from  Michigan  and  Wisconsin  than  G.  R. 
Credner  did  of  those  from  the  Carboniferous  period  down  to  the 
Diluvium. 

(3)  ^^  These  crystalline  structures  have  not  originated  in  conse- 
quence of  any  later  metamorphic  actions  whatever  upon  the  formed 
rook ;  they  rather  owe  their  origin  (as  proved  by 

a.  Their  position  parallel  to  the  bedding-planes,  and 
h.  Their  not  unfrequent  radial  grouping  around  a  dastio 
fragment  of  rock  which  serves  as  a  nucleus)  to  a 
jprimary  segregation  from  the  same  waters  from  which 
mechanically  transported  mineral  partides  were  simul- 
taneously deposited  to  form  muddy  sediment." 

These  supposed  proofs  can  on  no  account  be  permitted  to  pass  as  suoh; 
-for  the  deposition  parallel  to  the  slate-plane  maybe  explained  by  either 
theory.  For  whether  the  crystalline  constituents  be  a  product  of  the 
secretion  of  the  ocean,  or  whether  they  have  been  formed  in  the  still 
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plastic  mad,  or  owe  their  origin  to  metamorphic  inflnencee,  they  will 
in  general  occupy  snch  a  position  either  by  the  pressure  of  the  super- 
incnmbent  layers,  or,  if  they  were  formed  after  the  settling  of  the 
rocks,  because  parallel  to  the  slate-plane  they  find  the  least  relative 
resistance.  The  radiating  grouping  can  still  less  pass  as  proof.  Even 
if  we  aUow  the  possibility  that  while  a  fragment  is  sinking  in  the 
ocean,  it  can  unite  with  other  minerab  which  become  crystallized, 
it  must  be  dear  to  every  one  that  the  motion  of  the  water  would  very 
quickly  separate  them  again.  According  to  G.  R.  Credner's  own 
statement  it  was  impossible  in  some  of  his  preparations  to  discover 
tiie  manner  of  accretion  of  any  crystalline  formations,  because  the 
particles  have  been  again  separated  by  the  action  of  water  during  the 
preparation  of  the  object.  When  even  in  a  glass  of  water  such  me- 
chanical effects  are  apparent^  how  much  more  must  they  become  so 
in  the  ocean  ? 

2.  We  might  seek  a  further  explanation  of  the  origin  of  these 
crystalline  constituents  in  metamorphic  processes,  which  possibly 
had  some  influence  after  the  solidification  of  the  clay-slate  mud. 
This  origin  is  especially  urged  by  Delesse*.  The  chief  objection 
to  this  theory  is  found  in  the  existence  of  broken  and  reunited 
particles.  The  being  broken  per  se  would  not  contradict  metamor- 
phism,  were  it  not  that  the  material  which  reunites  the  fragments 
is  composed  of  the  same  clastic  day-slate  substance. 

3.  This  aids  in  the  confirmation  of  a  third  theory,  which  supposes 
the  formation  of  the  crystalline  constituents  to  have  taken  place 
while  the  rocks  were  still  plastic.  This  view  is  still  further  sup- 
ported by  the  fact  that  new-formed  materials  are  discovered  in  groups 
ronnd  some  fk'agments.  According  to  his  dose  examination,  Zirkd 
first  proposed  the  theory  that  the  crystalline  constituents  either  had 
been  formed  during  the  deposition  of  the  mud  or  at  least  before  its 
solidification.  More  recently  Svedmark,  in  his  paper  on  Cambrian 
day-slate,  has  stated  that  the  garnets  were  formed  whilst  the  clay- 
slate  was  stUl  soft  and  plastic.  Sorby  f  also  states  that  the  green 
grains  of  glauconite  ought  rather  to  be  attributed  to  chemical  action 
occurring  either  during  or  soon  after  deposition^  like  the  minute 
crystals  met  with  in  some  of  the  dredgings  from  the  Pacific  ocean. 
As  the  result  of  our  investigations  this  opinion  may  be  confirmed  X' 
Later  metamorphic  processes  are  not  to  be  excluded.  We  would 
espedally  draw  attention  here  to  the  fact  that  chlorite-,  mica-, 
hornblende-,  seridte-,  and  other  schists  contain  tourmaline  and 
haematite  of  the  same  appearance  as  true  clay-slates.  It  is  probable 
that  these  minerals  existed  in  the  crystalline  schists  before  the  origin 
of  the  rest.    If  we  want  to  place  the  metamorphic  processes  in  their 

*  Berne  de  G^ologie  dans  les  ann^  1873  et  1874  (Paris,  1876),  p.  2QQL 

t  Monthly  Microso.  Joum.,  Feb.  1877. 

t  I  regret  to  hare  receiTed  the  hiteresting  paper  of  Benard  on  thj^Beleian 
Whetftonee  ('  M^mdre  but  la  structure  et  la  composition  du  coticule,!  Bruxelles  ^ 
1877)  after  tnis  paper  was  already  finished.  Benard  mentions  alschthe  abun- 
dance of  tourmaUne  uid  garnet  in  these  rocks,  and  has  also  expressed  fehe  opinion, 
that  these  constituents  were  formed  during  the  deposition  of  the  sediments  {loo^ 
cU,  p.  88). 
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proper  place,  we  Bhoald  do  so  in  ranging  them  as  a  fourth  phase 
in  tiie  production  of  the  actual  condition  of  sedimentary  rocks  : — 

1.  Deposition  of  mud. 

2.  Eormation  of  minerals  during  the  plastic  state. 

3.  Formation  of  rock  as  clay-slate  (solidification  of  the  ma- 

terial). 

4.  Metamorphic  processes. 

The  organic  remains  which  had  heen  deposited  with  the  mud 
caused  the  formation  of  the  carbonaceous  particles.  They  might 
possibly  have  caused  also  the  formation  of  pyrites  by  reduction  of 
solutions  of  sulphate  of  iron. 

There  is  one  mineral  occupying  a  strange  position  with  regard  to 
the  occurrence  and  the  formation  of  the  other  crystalline  constituents. 
It  does  not  appear  in  distinct  crystals,  but  forms  aggregations  which 
are  only  to  be  observed  with  polarized  light,  and  vanish  by  degrees 
into  the  amorphous  ground-mass.  It  is  as  possible  that  it  represents 
a  silicate  as  that  it  is  quartz.  It  seems  to  have  been  formed  during 
the  solidification  of  the  rock,  and  ib  similar  in  appearance  to  the 
ground- mass  of  some  crystalline  schists. 

It  is  only  'by  comparing  crj^stalline,  semicrystalline,  and  clastic 
sedimentary  rocks  that  we  shall  arrive  by  degrees  at  a  satisfactory 
explanation  of  the  origin  of  the  crystalline  schists  which  make  up 
the  greater  part  of  the  Archaean  formations. 
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12.  On  some  Mica-tba.P3  from  the  Kssdal  aad  Sbdbbrgh  Districts. 
By  Rev.  T.  G.  Boxnbt,  M.I.,  F.R.S.,  Sec.G.S.,  Professor  of 
Geology  at  University  College,  London,  and  Fellow  of  St.  John's 
College,  Cambridge,  and  F.  T.  S.  Houghton,  Esq.,  B.A.,  Scholar 
of  St  John's  College,  Cambridge.     (Read  December  4,  1878.) 

Ukber  the  convenient  generic  term  mica-trap  the  Geological  Survey 
of  England  has  included  a  group  of  rocks  which  are  generally  rich 
in  that  mineral,  and  occur  among  the  older  Palaeozoic  strata  of  the 
north-west  of  England.  These  rocks  are  found  in  dykes  usually  of 
no  great  thickness,  and  often  very  imperfectly  exposed ;  and  they 
have  been  mapped  on  quarter-sheet  98  N  J).,  and  in  the  adjacent 
comers  of  the  yet  unpublished  98  S.E.  and  97  S.W.  A  brief 
notice  of  the  dykes  is  also  given  in  the  accompanying  memoirs, 
*  Kirkby  Lonsdale,'  p.  42,  and  '  Kendal  and  Sedbei^h,'  p.  16.  With- 
out microscopic  examination  and  chemical  analysis,  it  was  not  pos- 
sible, as  a  rule,  to  attempt  a  more  exact  nomenclature,  so  that,  in 
our  opinion,  the  use  of  the  term  mica-trap,  like  felstone,  groenstone, 
&c.,  is  not  only  convenient,  but  justifiable,  where  for  any  reason  a 
more  exact  investigation  is  not  practicable  at  the  time.  The  present 
paper,  although  very  far  from  being  a  complete  history  of  all  the 
mica-traps  of  North-western  England,  may  form,  it  is  hoped,  a  first 
chapter  in  it,  and  be  the  means  of  evoking  further  contributions  to 
the  lithology  of  thb  interesting  and  not  very  common  group  of 
rocks*. 

Mica-traps,  so  far  as  we  are  aware,  are  either  very  rare  or  wholly 
absent  in  Britain  to  the  south  of  the  Cumbrian  district,  and  in  that 
they  are  rarely  found  in  the  vicinity  of  the  principal  lakes,  but  are 
almost  confined  to  the  eastern  part  of  Westmoreland  and  the  north- 
western of  Yorkshire,  always  occurring  in  Silurian  rocks  t.  They 
are  also  met  with  among  the  Lower  Silurian  strata  of  the  southern 
uplands  of  Scotland,  and  in  several  localities  in  Ireland,  where  also 
they  are  intrusive  in  the  older  Palsaozoic  rocks  t.  Mica-traps  also 
occur  in  the  Channel  Islands,  Saxony,  the  Yosges  Mountains,  Baden, 
and  North-western  France,  also  in  the  Pyrenees  and  West-central 
France.  Specimens  from  some  of  these  districts  have  been  used  for 
oomparison§. 

*  For  the  lithologioal  work  herein  Prof.  Bonney  is  responsible,  for  the  che- 
mical analyses  Mr.  Houghton.  A  few  of  the  dykes  have  been  examined  in  the 
field  by  the  former,  under  the  guidance  of  Professor  Hughes,  without  whose 
minute  local  knowledge  it  would  haTC  been  hardly  possible  to  find  one  or  two 
exposures.  For  most  of  the  other  specimens,  ana  for  notes  on  their  relations 
to  the  stratified  rocks,  the  authors  are  indebted  to  the  kindness  of  their  friend 
J.  B.  Marr,  Esq.,  B.A.,  F.G.S.,  BohoUr  of  St  John's  College,  to  whom  they 
tender  their  best  thanks. 

t  Messrs.  Gunn  and  Olongh,  Quart.  Joum.  Qeol.  Soc.  yoL  xxziy.  p.  30,  ex- 
pressly state  that  the^  neyer  occur  in  the  Carboniferous  strata, 
iHuU, '  On  Building-stones,'  &o.  p.  84,  cf,  p.  9. 
So  fiu*  as  we  can  judge  from  tne  figure,  the  rock  described  liy  Mr.  J.  H. 
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The  principal  subordinate  members  of  the  mica-trap  gronp  have 
been  named  by  many  petrologists  mineite  and  kersantite*,  the 
former  denoting  those  where  the  felspathic  constituent  is  chiefly 
orthoclaset,  the  latter  chiefly  plagioclaset*  After  this  subdivision 
great  diversity  appears  in  the  use  of  the  terms,  little  regard  being 
paid  to  the  crystalline  condition  of  the  ground-mass. 

By  Prof.  Rosenbusch  §  the  term  minette  is  used  as  equivalent  to 
mioa-syenite,  and  kersantit«  to  mica-diorite,  or  at  least  as  denoting 
the  more  conspicuously  mioaceous  varieties  of  tbese  rocks.  The 
group  corresponding  generally  with  the  latter  in  chemical  composi- 
tion, but  diflfering  from  it  in  having  a  micro-  or  crypto-crystalline 
ground-mass,  is  named  by  him  kersantite-porphyrite ;  but  we  do  not 
And  a  term  for  the  corresponding  rock  in  the  former  group.  For 
this,  then,  we  proposo  the  analogous  term  minette-felsite||.  It  is 
quite  possible  that  one  or  two  of  the  rocks  which  we  are  describing 
in  this  paper  may  once  have  had  even  a  glassy  base  ;  but  in  their 
present  condition  we  do  not  feel  able  to  affirm  this  positively,  as  the 
structure  has  been  so  much  obscured  by  subsequent  decomposition 
and  micro-mineralogical  change. 

The  amount  of  this  has  frequently  been  very  great,  some  of  the 
original  constituents  having  been  replaced  whoUy,  or  almost  wholly, 
by  pseudomorphic  or  other  secondary  products.  We  have  thus 
often  been  obliged  to  speak  very  doubtfully  as  to  the  original  nature 
of  some  constituents. 

A  few  preliminary  remarks  on  some  of  the  minerals  observed  in 
these  rocks  may  save  time  in  the  subsequent  descriptions. 

Mica, — This  mineral  is  abundant  in  almost  all  the  specimens.  It 
is  usually  in  very  good  preservation,  though  occasionally  partly  re- 
placed by  a  greenish  mineral,  doubtless  some  hydrous  magnesian  sili- 
cate, partly  by  a  nearly  colourless  mineral  (a  hydrous  potash  mica  ?). 
It  is  brown  in  colour,  most  markedly  so  when  viewed  normally  to  the 
basal  pinacoid.  Sections  transverse  to  this  plane  are  markedly 
dichroic,  changing  from  an  olive-brown  to  an  almost  colourless  tint. 
These  sections  have  a  strong  analyzing  action.  They  have  generally 
a  border  darker  than  the  interior.  In  some  specimens  enclosures  of 
other  minerals  are  comparatively  rare,  in  others  rather  abundant. 
These  are  grains  and  belonites  of  iron  peroxide,  and  colourless 
needles  (apatite  ?),  sometimes. apparently  smaller  crystals  of  mica. 

Collins  under  a  new  name  appears  to  be  (as  stated  in  the  discussion  after  this 
paper  by  Mr.  W.  W.  Smyth)  only  a  variety  of  mica-trap.  See  also  Mr.  J.  A. 
Phillips,  Quart.  Joum.  Owl,  Soc.  vol.  xxri.  p.  337. 

*  There  does  not  appear  to  be  any  essential  difference  between  kersantite 
and  kersanton. 

t  For  list  of  localities  where  this  rock  is  reported  to  occur,  see  SKrkd, 
*Lehrbuch  der  Petrographie,*  vol.  i.  p.  606. 

t  For  list  of  localities,  see  Zirkel,  tbid,  toL  ii.  p.  36. 

§  'Mikroskopische  Physiographie,'  vol.  ii.  p.  v. 

II  On  the  analogj'  of  quarta-porpbyry  Ac.  one  should  say  minelte-porphyry ; 
but  the  term  porphyrv  has  been  so  TagueW  applied  that  I  venture  to  think 
it  should  be  dropped  altogether  from  scientific  nomenclature,  and  quartf-felsite 
substituted  for  it— T.  G.  B, 
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Layers  of  oaloite,  ioterposod  between  the  deavage-planes,  may  also 
be  obsexred,  as  figared  by  Prof.  Zirkel*^. 

AugiU. — ^Associated  witb  the  mica,  in  more  or  less  abundance,  is 
a  mineral  which  is  herein  generally  described  as  angite.  In  some 
cases  it  nndonbtedly  is  this  mineral,  the  characteristic  section  per- 
pendicolar  to  c  being  very  conspicuous ;  in  others,  however,  the  form 
(at  any  rate  now)  is  indefinite.  The  crystal  is  almost  always  replaced 
by  secondary  products.  In  some  (and  here  we  note  the  external 
form  to  be,  as  a  rule,  better  preserved)  there  is  chiefly  viridite  (a 
fioebly  donbly-refracting  variety,  probably  delessite  or  some  serpen- 
tinous  minend)  ;  in  other  cases  calcite  or  dolomite  predominate,  with 
some  indications  of  viridite  and  another  secondary  mineral  (possibly 
also  magnesian),  which  exhibits  a  rather  indistinct  microgranular 
stmctore,  and  is  doubly  refracting,  showing  dull  milky-blue  tints.  A 
somewhat  similar  result  of  decomposition  in  the  case  of  hornblende 
is  figared  by  Prof.  Zirkelf. 

Calcite  is  present  in  many  of  these  rocks,  showing  the  characteristic 
oleavage ;  but  not  seldom  associated  with  it,  and  sometimes  predo- 
minant, is  an  apparently  different  mineral,  which  is  more  probably 
dolomite.  The  form  of  the  crystalline  grains  b  more  r^^lar,  the 
deavage-planea  are  less  distinctly  marked,  and  the  colours  more  bril- 
liant than  is  usual  in  calcite.  A  study  of  numerous  slides  contain- 
ing calcite,  and  several  of  dolomitic  rocks  from  various  localities, 
among  others  the  Italian  Tyrol,  seems  to  prove  that  dolomite,  when 
pure,  commonly  occurs  in  rather  regular  polygonal  or  rounded 
gmns,  while  in  the  case  of  calcite  those  are  irregular.  In  the 
former  the  cleavage-planes  are  less  conspicuous  than  in  the  latter ; 
but  the  grains,  when  lying  in  the  right  position  (with  crossed  Nicols), 
are  beantifally  coloured,  showing  a  bright  apple-green  and  its  com- 
plementary pmk,  while  the  tints  of  calcite  are  dull.  Eor  these  rea- 
sons, which  are  given  at  length,  as  the  writer  has  not  seen  them 
noted  in  the  ordinary  text-books,  he  considers  much  of  the  mineral 
in  these  mica-traps  te  be  dolomite,  te  which  also  we  may  per- 
haps assign  a  number  of  very  minute  bright-coloured  granules  which 
are  disseminated  over  the  slides. 

Opacite  enidferrite  are  employed  in  the  sense  assigned  tethem  by 
Prof.  Zirkelf, — the  former  denoting  "  black,  entirely  opaque,  amor- 
phous grains  and  scales,"  which  are  very  jfrequently  metallic  oxides, 
especially  of  iron ;  the  latter  '*  yellowish,  reddish,  or  brownish, 
amorphous,  earthy  substances,  which  are  not  unfrequently  pseudo- 
morphous  after  iron-bearing  minerals,  probably  very  often  haematite 
or  limonite."  We  have,  however,  included  in  the  former  term 
grains  which  are  not  strictly  amorphous,  but  either  rather  too 
small  or  not  so  placed  as  te  have  their  form  determined  with 
accuracy. 

With  two  exceptions,  the  mica- traps  here  described  lie  in  an  irre- 
gular band,  extending  from  Windermere  to  a  few  miles  east  of  Sed- 

*  0.8.  €t8oL  Expl.  of  Fortieth  Parallel, '  Microscopic  Petro^iphy,  pi.  ?.  fig.  U 
f  LoccU.yi,  iii.  figs.  2,  3, 
\  Loc,  eii,  p.  12. 
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bergh,  and  are  described  nearly  as  they  would  be  "mot  with  in 
travelling  from  west  to  east. 

(1)  Dyke  I  miUfrom  WincUrmere  Station. 

Characters. — Macroscopic.  A  compact  ground-mass  of  ash-grey 
colour,  enclosing  numerous  crystals  of  a  dark-brown  mica,  most  of 
which  have  a  silvery  lustre,  apparently  produced  by  their  adherent 
films — ^probably  a  decomposition  product.  The  mica  crystals  are 
commonly  more  or  less  hexagonsd  in  form,  and  about  0-1  inch 
diameter. 

Microscopic.  The  rock,  at  first  sight,  appears  to  have  a  clear  pale- 
brown  glassy  base,  containing  numerous  microliths,  generally  aci- 
oular.  Closer  inspection  reveals  in  ihe  apparent  glass  more  or  less 
faint  indications  of  a  crypto-crystalline  structure.  With  crossed 
Nicols  this  is  rendered  more  distinct,  innumerable  microliths  making 
their  appearance.  These  show  but  faint  light,  and  much  of  the  field 
remains  dark ;  but  on  rotating  the  stage  new  groups  of  microliths 
appear  in  the  dark  parts,  while  those  formerly  observed  disappear. 
It  may  therefore  be  doubted  whether  any  true  glass  now  remains ; 
but  it  is  highly  probable  that  formerly  such  existed,  and  that  the 
rock  has  been  devitrified. 

In  the  above  we  have  calcite  or  dolomite  abundantly  present,  both 
in  the  ground-mass  in  fine  granules,  and  in  separate  crystalline  grains 
up  to  about  O'Ol  inch  in  diameter ;  brown  mica  (biotite)  abundant 
in  crystals  of  various  size ;  granules  of  some  iron  peroxide,  rather 
decomposed,  not  rare ;  dolomite,  and  a  nearly  colourless  hydrous 
mica  (?)  ;  numerous  grains  composed  of  dolomite  and  serpentinous 
viridite.  Among  these  we  find  sections  corresponding  closely  with 
the  familiar  form  of  augite  when  cut  perpendicular  to  c. 

The  following  is  an  analysis  of  the  ro(i : — 

Water 2-69 

CO, 6-39 

SiO, 44-44 

Al^O,   17-85 

Fe,03   4-82 

FeO 3-62 

MnO    tr. 

CaO 7-54 

MgO    7-57 

K,0 4-78 

Na,0    0-99 


100-59 

The  proportion  of  K  to  Na  is  in  favour  of  naming  the  rock 
Hiinette-felsite  ;  but  the  percentage  of  SiO  seems  low,  and  that  of 
Fe  and  Ca  high,  for  a  rock  containing  orthodase.  It  occurs  intrusive 
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in  Bannisdale  Slates,  is  exposed  ia  a  railway-cutting,  being  about 
1  foot  thick,  and  is  only  visible  on  the  south  side.  The  rock  in  con- 
tact is  but  little  altered.  The  mica-crystals  iu  the  dyke  and  the 
principal  joint-planes  are  parallel  to  the  sides.  Some  2  feet  from 
this  is  another  dyke,  also  about  a  foot  wide,  which  does  not  reach 
the  surface,  and  is  doubtless  an  ofishoot. 


(2)  DyJcey  Barley  Bridge^  StaveUy, 

Characters. — Macroscopic,  A  rather  compact,  pale  reddish-grey 
rock,  of  decomposed  aspect,  with  numerous  specks  of  pale  celadon- 
green  and  very  minute  glimmering  lines. 

Microscopic,  The  ground-mass  is  rather  decomposed  and  of  a  light 
brick-red,  from  ferruginous  staining ;  but  it  was  once  probably  eiti^er 
microcrystalline  throughout,  or  exhibited  a  glassy  base  thickly 
crowded  with  acicular  felspar-microliths,  which  still  show  traces  of 
fiuidal  structure.  There  are  many  grains  of  iron  peroxide  (?  haema- 
tite), and  numerous  grains  or  crystals  of  a  mineral  which  is  replaced 
partly  by  calcite  and  partly  by  a  pellucid  pale-green  serpentinous 
mineral.  One  or  two  evidently  have  once  included  portions  of  the 
ground-mass.  On  the  whole,  it  seems  probable  that  this  has 
been  augite  rather  than  hornblende.  There  are  also  a  fair  number 
of  scales  of  brown  mica. 

The  general  character  of  this  rock,  and  its  comparative  poverty  in 
mica,  make  it  better  to  remove  it  from  the  mica-traps,  and  name  it 
a  porphyrite. 

This  dyke  occurs  exposed  in  the  bed  of  the  Kent,  cutting  the  Ban- 
nisdale  Slates  at  right  angles  to  the  bedding-planes,  and  hardly 
altering  them.    It  is  about  2  feet  wide. 


(3)  DyTce,  Gill  Bank,  1|  miU  N,N,E,  of  Staveley. 

Characters, — Macroscopic,  Appears  to  be  a  finely  crystalline  mix- 
ture of  a  dull-red  felspar  and  dark-green  mineral  resembling  horn- 
blende, with  a  few  small  scales  of  black  mica,  having  the  general 
aspect  of  a  very  fine-graiued  syenite.  It  weathers  a  rusty-brown 
colour. 

Microscopic,  The  rock  has  evidently  been  much  altered  subsequent 
to  crystallization,  but  it  appears  to  have  been  crystalline  throughout. 
The  felspar  is  much  decomposed,  stained  reddish  brown,  being  both 
frequently  pierced  with  needles  of  zeolite  and  associated  with  secon- 
dary quartz.  The  common  form  of  the  crystals,  and  faint  indication 
of  twins,  make  it  very  probable  that  most  of  tiiese  are  plagioclase. 
There  are  several  small  scales  of  brown  mica,  some  neMles  of  apa- 
tite, numerous  crystalline  grains  and  belonites  of  iron  peroxide,  pro- 
bably haematite,  and  a  considerable  quantity  of  a  rather  fibrous  dull 
green  mineral,  almost  certainly  decomposed  hornblende,  associated 
sometimes  with  a  little  calcite  (?).    Analysis  :— 
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Water 2-87 

CO, 4-84 

SiO, 46-17 

AlA    16-95 

Fe,0,   5-46 

FeO 0-83 

MnO    0-10 

CaO 10-23 

MgO    7-13 

K,0 3-96 

Na,0    2-42 

100-96 

Although  the  present  condition  of  the  rock  makes  it  difficult  to 
speak  with  certainty,  we  may  venture,  notwithstanding  the  amount  of 
potash,  to  call  it  a  diorite  rather  than  a  syenite.  At  any  rate  the 
amount  of  mica  is  not  sufficient  to  warrant  our  retaining  it  among  the 
mica-traps. 

ThiB  dyke  is  intrusive  in  Bannisdale  Slates.  It  is  more  than 
20  feet  wide,  can  he  traced  along  the  course  of  a  stream  for  several 
hundred  yards,  and  prohahly  extends  much  further.  It  includes  a 
large  fragment  of  the  Bannisdale  heds,  hut  neither  this  nor  the  ad- 
jacent rock  are  much  altered. 

(4)  DyJce^  Stile-^nd  Farm^  between  Kentmere  and  Long  SUddaU** 

Character. — Macroscopic.  The  rock  appears  very  finely  crystal- 
line, the  component  minerals  heing  much  too  small  for  reoognitioD, 
and  is  of  a  dark-grey  colour. 

Microscopic.  The  rock  is  a  crystalline  mixture  of  plagioelase 
(lahradorite),  homhlende,  and  iron  peroxide  (prohahly  hsematite). 
The  first  occurs  in  long,  narrow,  twinned  cryst^,  like  those  common 
in  dolerite.  The  second,  partly  in  small  weU-defined  prisms,  of  a 
clear  olive-hrown  colour,  rather  free  from  ferruginous  microliths 
(this  variety  is  strongly  dichroic) ;  partly  as  a  more  filmy,  fihrous» 
less  well-defined,  pale  green  variety,  which  harely  shows  dichroism, 
is  associated  with  ferrugiuous  microliths,  occurring  hoth  together 
with  and  apart  from  the  other,  and  having  much  more  the  aspect  of 
a  secondary  product.  It  is  possible  that  there  may  be  also  some 
little  biotite.  The  iron-peroxide  occurs  both  as  grains  of  a  more  or 
less  definite  crystalline  outline,  and  as  isolated  or  aggregated  minute 
rods  or  clubs  (such  as  are  figured  by  Borickyt).  Belonites  are 
numerous,  almost  certainly  of  secondary  origin.  They  pierce  through 
both  the  felspar  and  hornblende,  and  are  commonly  from  -0001  to 
•0003  inch  in  diameter.  One  or  two  of  the  largest  seem  to  be  of  a 
very  pale  green  colour,  and  resemble  actinolite.  If  not  this  mineral, 
they  must  be  zeolite.  Apatite  seems  very  scarce.  Besides  the  above 
there  are  some  larger  crystals.     Of  these  one  set  are  much  decern* 

*  About  6  miles  to  N.  of  gtaveley,  and  so  out  of  the  Une. 
t  Bohni.  Basalt,  pi.  i. 
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posed,  and  so  semiqpaque.    What^  remains  is  dear,  not  dichroic, 
and  more  resembles  angite  than  any  thing  else.     The  other,  still 
clearer,  rather  fibrous,  and  very  pale  green,  is  probably  a  variety  of 
hornblende,  resembling  a  seoondtury  product. 
The  following  is  an  analysb  of  this  rook : — 

Water 3-52 

CO, 1-16 

SiO_ 49-62 

AI3O,    17-97 

Fe,0,   6-06 

FeO 2-61 

MnO    0-40 

CaO 7-80 

MgO    617 

K,0 2-34 

Na^O    2-62 


99-07 


The  homblendic  character  of  this  rock  requires  us  to  remove 
it  from  the  mica-trap  group,  and  class  it  with  the  more  basic 
dioritee. 

This  dyke  is  intrusive  in  Coniston  Limestone,  which  is  indurated 
for  a  distance  of  a  few  feet,  and  stands  up  above  the  dyke,  which  is 
weathered  away  (surface-colour  rusty  brown),  and  protrudes  here 
and  there  firom  the  grass,  being  about  4  feet  wide,  and  traceable  for 
about  20  or  30  yards. 


(6)  J>ylc€,  Kendal  Road,  260  yards  from  3rd  milestone. 

Characters. — Macroscopic,  A  general  resemblance  to  No.  (1),  ex- 
cept that  the  colour  is  browner,  and  the  mica-plates  often  larger, 
being  not  seldom  0*4  inch  in  diameter;  the  lustre  also  is  less 
silvery. 

Microscopic.  An  obscurely  crypto-crystalline  ground-mass,  with 
some  resemblance  to  that  of  No.  (1),  containing  many  filmy  brown 
scales  and  fibres,  probably  of  mica,  with  granular  ferrite,  and  perhaps 
some  apatite.  Some  of  the  belonites  may  be  pale-coloured  horn- 
blende. There  are  a  few  grains  of  quartz,  probably  secondary.  The 
mica  has  a  general  correspondence  with  that  in  No.  (1).  The  prin- 
cipal differences  between  the  two  slides  is  that  this  is  without  any 
conspicuous  calcite  or  dolomite,  or  indications  of  augite  or  horn- 
blende. 

The  analysis  is  as  follows  : — 
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Water 2-21 

CO, 1-83 

SiO, 61-12 

A1,0,   15-99 

Fe,0,  0-84 

FeO 1-70 

MnO    tr. 

CaO 512 

MgO    4-93 

K,0 4-80 

Na,0    204 


100-58 


The  potash  prohably  belongs  in  part  to  the  biotite,  so,  having  re- 
gard to  the  large  amount  of  lime  present,  it  is  clear  the  rock  most 
be  near  to  the  plagioclase  or  kersantite  group ;  but  still  it  is  better 
to  name  it  minette-felsite. 

It  weathers  rusty  brown,  and  occurs  in  Bannisdale  Slates,  being 
2  or  3  feet  wide,  much  decomposed,  breaking  into  large  tabular 
masses  along  joints  parallel  to  the  sides,  to  which  also  the  mica- 
flakes  are  often  parallel.     The  adjacent  rock  seems  hardly  altered. 

(6)  Dyke  on  Railway ,  W,  of  Docker  Oarth. 

Characters. — Macroscopic,  A  compact  grey  rock,  full  of  minute 
scales  of  brownish  mica,  with  a  rather  silvery  lustre,  and  indications 
of  small  felspar  crystals.  Specimen  traversed  by  a  vein  of  pink 
calcite. 

Microscopic.  The  ground-mass  appears  to  be  micro-crystalline; 
but  in  parts  there  is  indication  of  the  presence  of  true  crystalline 
structure,  the  outlines  of  felspar  crystals  being  dimly  discernible. 
These  are  often  traced  out  by  lines  and  clots  of  opacite.  The  ground- 
mass  is  much  stained  by  ferrite,  and  traversed  by  acicular  microliths, 
80  that  the  original  structure  has  been  greatly  obliterated.  Mica  is 
abundant,  also  dusty  green  patches  of  some  decomposition-product, 
grains  of  iron  peroxide  (some  magnetite),  and  some  augite. 
An  analysis  gives : — 

Water 3-83 

CO, tr. 

SiO, 48-67 

Al^O,   18-52 

Fe,0,   1-60 

FeO 6-87 

MnO    0-60 

CaO 2-79 

MgO    8-97 

K,0 3-71 

Na,0    1-59 


97-05 
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The  rock,  then,  appears  to  be  a  minette-felsite. 

The  dyke  is  in  a  Hue  of  fault  in  the  Bannisdale  Slates,  being  about 
2  or  3  yards  wide.  It  weathers  to  a  grey  powdery  mass^  and  is  tra- 
versed by  numerous  calcite  veins. 

(7)  Byhe  S.  of  Haygarth,  Docker  Fell.     No.  I. 

Characters. — Macroscopic.  A  compact,  very  dark  purplish-grey 
ground-mass,  with  numerous  scales,  generally  considerably  less  than 
O'l  inch,  of  brown-black  mica,  with  bright  lustre. 

Microscopic.  A  dear  ground-mass,  containing  numerous  minute 
belonites,  mica-scales,  and  grains  of  ferrite,  which  appears  to  have  a 
micro-crystalline  structure  throughout.  In  this  are  numerous  crystals 
of  biotite,  frequently  hexagonal  in  form,  much  freer  from  calcite  and 
enclosures  than  in  No.  II.  There. are.  a  few  grains  of  calcite  and 
a  few  of  some  saussuritio  mineral  (the  former  may  be  a  pseudomor- 
phic  product  after  augite,  the  latter,  perhaps,  after  felspar)  and  plates 
of  mica  are  around,  so  as  to  border  them,  and,  in  one  or  two  of  the 
larger,  small  plates  are  included.  There  are  one  or  two  grains  of 
quartz  present,  generally  bordered  by  a  dull  granulated  ring.  They 
contain  a  few  minute  cavities.  In  one  case  the  grain  is  a  compound 
one.  Their  appearance  suggests  the  possibility  of  their  having  been 
caught  up  by  the  molten  rock.  Associated  with  one  of  these  in  a 
part  of  the  slide  is  a  crj^stal  of  plagioclase  apparently  broken  up,  the 
fragments  being  twisted  into  different  positions. 

The  following  is  an  analysis  : — 

Water 2-35 

CO, 0-66 

SiO, 58-34 

AlA    16-33 

Fe,0,    2-28 

FeO 3-88 

MnO    0-14 

CaO 5-65 

MgO     3-34 

TLfi 5-55 

Na,0    2-20 

100-72 

This  shows  the  rock  to  be  a  minette-felsite. 

(8)  Dylce  8.  of  Haygarih,  DocJcer  Fdl.    No.  IT. 

Characters. — Macroscopic.  A  compact  ground-mass  of  a  reddish 
chocolate-brown  colour,  pretty  full  of  scales  of  mica  up  to  about 
0*1  inch,  but  occasionally  much  larger.  The  mica  is  of  a  brown- 
black  colour,  with  a  bright,  rather  silvery  lustre. 

Microscopic.  A  crypto-crystalline,  almost  glassy  base,  stained 
brown  with  ferrite,  and  containing  very  many  minute  scales,  as  well 
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as  numerous  more  or  less  regularly  formed  plates  of  olive-brown 
biotite,  frequently  containing  minute  acicular,  granular,  or  platy 
enclosures,  being  sometimes  ferrite,  sometimes  perhaps  smaller  scales 
of  mica,  arranged  generally  along  the  planes  of  principal  cleavage, 
giving  rich  colours  with  crossed  Nicola.  Nearly  colourless  crystal- 
line grains,  now  composed  of  caldte  or  dolomite,  with  a  little  viridite 
and  other  secondary  products,  are  common.  The  general  appearance 
suggests  that  they  are  pseudomorphs  after  augite ;  and  in  one  or  two 
the  angles  of  transverse  sections  of  the  crystal  correspond  fairly 
well  with  those  of  that  mineral.  We  also  find  crystalline  grains  of 
a  ferruginous  mineral,  probably  haematite. 
The  following  is  an  analysis : — 

Water 3-01 

m  2-01 

Sid 47-88 

AlA    19-14 

Fe.O,    4-33 

FeO 1-67 

MnO    0-36 

CaO 6-16 

MgO    6-36 

KO 6-64 

Na^O    2-45 

98-90 

The  analysis  seems  to  place  this  rock  with  the  minette-felsites,  but 
there  is  evidently  a  very  considerable  portion  of  plagiodase  felspar 
present  with  the  orthoclase. 

The  dyke  now  is  not  clearly  exposed  at  the  place  where  it  is 
mapped  by  the  Survey,  so  these  specimens  were  collected  from 
boulders  on  that  spot,  some  blackish,  others  brownish  in  colour.  The 
difference  in  the  analyses  is  remarkable,  and  shows  that  they  can 
hardly  be  from  the  same  rock,  but  that  there  must  be  more  than  one 
dyke  close  by.  The  adjoining  sedimentary  rock  belongs  to  the  Kirkby- 
Moor  Flags. 

(9)  Dylce  in  River  Lune,  8,  W,  of  Sedbergh, 

Characters, — Macroscopic.  A  compact  dark  ground-mass,  full  of 
crystals  of  dark-brown  mica,  up  to  about  §  inch  in  diameter. 

Microscopic. — ^The  ground-mass  shows  great  decomposition.  At 
present  it  may  be  described  as  a  compound  mass  of  earthy-looking 
dust,  often  gathered  into  dots,  and  occasionally  associated  into 
crystal-like  forms,  interwoven,  as  it  were,  with  colourless  needles 
(some  probably  apatite),  grains  of  opaoite,  flakes  of  mica,  and  sur- 
rounded by  a  colourless  base.  It  is,  however,  more  than  doubtful 
whether  any  true  glass  is  present ;  and  careful  examination  makes  it 
appear  probable  that  the  whole  has  once  been  crystallized,  though 
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finely,  and  felspar  has  been  the  principal  constituent,  bnt  that  the 
fonus  of  the  crystals  have  been  almost  obliterated  by  decomposition. 
So  far  as  can  be  inferred  from  the  outlines  still  to  be  traced,  they 
most  probably  were  plagioclase.  In  this  ground-mass  crystals  of  bio- 
tite  abound,  up  to  about  '03  inch  in  diameter,  and  numerous  grains, 
as  usual,  of  another  mineral.  These  grains  are  traversed  by  irregular 
cracks,  lined  with  a  filmy  olive-brown  serpentinous  mineral,  and 
rather  resemble  altered  olivine ;  but  two  or  three  fairly  well  preserve 
the  outlines  of  augite.  In  some  the  other  replacing  mineral  is  cal- 
cite  (or  dolomite),  in  the  majority  the  granular  (?  serpentinous) 
mineral  mentioned  above.  We  may  then  class  this  rock  as  a 
decomposed  kersantite*. 

(10)  UldaUMeadf. 

Characters. — Macroscopic.  A  compact  dull  brownish-grey  rock, 
containing  many  small  crystals  of  biotite,  and  a  few  small  pale-grey 
crystals.  In  another  specimen  (which  seems  more  decomposed,  and 
is  of  a  paler  colour)  the  mica  crystals  occasionally  attain  a  larger  size, 
one  or  two  being  about  0*25  inch. 

Microscopic.  The  ground-mass  of  this  rock  appears  to  consist  of  a 
glassy  base  crowded  with  microliths.  These  are: — (a)  colourless 
microliths,  probably  felspar,  and  possibly,  in  some  cases,  augite ; 
(6)  brown  mica ;  (c)  ferrite  and  opacite.  In  this  base  are  scattered 
larger  grains  of  iron  peroxide  (?  haematite),  the  usual  crystals  of  bio- 
tite (rather  free  from  enclosures),  and  a  nearly  equal  number  of 
grains  and  crystals  of  augite,  altered  in  the  usuid  way,  but  in  one  or 
two  cases  showing  the  characteristic  outline  of  the  section  perpendi- 
cular to  c.  One  of  these  contains  acicular  ferrite,  which  has  been 
arranged  parallel  to  the  planes  of  prismatic  cleavage  ;  but  most  are 
dear.  The  decomposition-products  are  rather  variable,  but  there  is 
little  oalcite  or  dolomite.  Plagioclase  is  not  certainly  recognizable ; 
but  (so  far  as  an  opinion  can  be  formed  from  microscopic  exami- 
nation) the  rock  is  probably  a  kersantite-porphyrite. 

It  is  intrusive  in  Coniston  Grits,  forming  a  dyke  probably  some 
yards  wide,  but  the  sides  are  not  exposed.  It  is  generally  much 
decomposed,  being  in  places  almost  a  sand.  Fragments  of  the 
Grit  are  occasionidly  included. 

(11)  ffolbeck  QUI. 

Characters, — Macroscopic.  A  rather  pale  reddish-grey,  dusty- 
looking  rock,  containing  numerous  small  crystals  of  dark  mica,  with 
rather  silvery  lustre  and  a  few  pale-green  specks.  On  a  polished 
surface  it  has  a  minutely  crystalline  aspect.  The  rock  is  much  de- 
composed ;  external  surfaces  are  rather  redder  than  the  rest. 

*  I  believ*  this  specimen  to  be  Arom  a  dyke  in  Coniston  flags,  but  have  no 
infonnaUon  bejond  the  label  on  the  specimen,  which  has  been  in  my  possession 
for  some  years. — ^T.  G.  B. 

t  B.  of  Biver  Lone,  considerably  to  N.  of  the  general  line  of  those  we  are 
describing. 
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Microscopic.  Mach  decomposed,  but  apparently  a  crystalline  mix- 
ture of  plagiodase  felspar  and  biotite,  jnth  grains  of  iron  peroxide 
(some  at  least  being  magnetite)  and  a  few  grains  of  altered  augite. 
The  felspar  is  greatly  decomposed,  full  in  parts  of  earthy  secondary 
products  and  colourless  belonites,  probably  also  of  secondary  ori^n 
(some,  however,  may  be  apatite),  with  occasional  clear  spaces  of  an 
isotropic  mineral.  The  mica  is  frequently  in  hexagonal  plates, 
rather  unusually  dark  brown  in  colour,  with  a  good  many  ferrugiaous 
enclosures — in  one  or  two  cases  parts  of  the  crystals  are  rendered 
quite  opaque  by  them. 

The  rock  accordingly  appears  to  be  a  kersantite.  It  forms  a 
narrow  dyke  in  the  Coniston  Grits. 

(12)  Highest  Dt/he,  Helm  Oill,  near  Dent. 

Characters. — Macroscopic.  A  compact  dark-grey  ground-mass  of 
felspathic  aspect,  containing  numerous  scales  of  black  mica,  var^nng 
up  to  about  0*1  inch  diameter.  Here  and  there  is  a  small  pinkish 
crystal  resembling  felspar. 

Microscopic.  The  transparent  base  exhibits  with  crossed  Nicols  a 
rather  obscure  microcrystalline  structure,  the  better-defined  crj'stala 
being  prismatic  in  form,  with  a  tendency  to  a  fan-like  grouping.  In 
this  are  some  grains  of  magnetite,  a  great  number  of  crystals  of  bi(v 
tite,  as  usual,  and  a  number  of  somewhat  irregular  pale-green  grains 
of  rather  variable  structure.  They  are  often  rudely  defined  at  the 
exterior  by  small  mica-plates  and  ferruginous  grains,  containing  also 
small  grains  of  both  and  numerous  minute  belonites.  The  green 
mineral  is  feebly  dichroic  and  doubly  refracting.  Probably  they 
have  been  augite  or  hornblende.  Minute  specks  of  calcite  or  dolo- 
mite abound  in  them,  and  are  largely  disseminated  in  the  slide. 

A  partial  analysis  shows  that  this  rock  is  decidedly  difierent  in 
chemical  composition  from  the  next ;  this,  however,  is  to  a  consider- 
able extent  due  to  the  much  smaller  amount  of  CaCO,.  As  the  pot- 
ash is  considerably  in  excess  of  the  soda,  we  may  group  it  with  the 
minette-felsites. 

(13)  Lowest  DyTce^  Helm  Oill^  near  Sedhergh. 

Characters. — Macroscopic.  Generally  similar  to  the  last,  but  slightly 
less  conspicuously  micaceous. 

Microscopic.  This  presents  some  differences.  The  ground-mass  is 
more  crowded  with  microliths  of  various  kinds,  so  that  it  has  a  more 
granular  aspect ;  and  the  greenish  grains  in  it  are  larger,  paler,  and 
rather  more  clearly  defined.  They  are  occupied  by  an  aggregate  of 
dolomite  and  almost  colourless  serpentinous  mineral  The  ground- 
mass  also  is  full  of  minute  bright  specks  (dolomite  ?) ;  it  was 
evidently  never  distinctly  crystalline,  and  is  now,  so  far  as  can 
be  seen,  microcrystalline,  suggesting  orthoclase  rather  than  plagio- 
dase. 

The  following  is  an  analysis : — 
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Water 3-69 

CO, 1313 

SiO, 32-31 

A1,0,    1215 

Fe,0,    1-97 

FeO 5-99 

MnO    013 

CaO 17-68 

MgO     8-24 

Kfi 4-09 

Na,0    0-43 

99-81 

Its  general  appearance  and  the  proportions  of  potash  and  soda  seem 
to  jnstify  lis  in  calling  this  rock  a  minette-felsite ;  but  the  percentage 
of  silica,  even  when  allowance  is  made  for  the  large  percentage  of 
calcic  carbonate  (probably  in  great  pait  due  to  infiltration),  is  low  for 
an  ortboclase  rock.  If  all  the  CO^  is  in  combination  with  the  CaO, 
that  would  imply  about  29*5  of  CaUO, ;  and  remoying  this,  the  silica 
percentage  would  rise  to  about  46. 

These  two  dykes  belong  to  a  group  of  about  four  which  are  ex- 
posed in  and  near  the  little  stream  of  Helm  Gill,  on  the  north  side 
of  the  Talley  above  Dent.  They  are  generally  from  2  to  3  feet  thick, 
and  similar  in  character,  those  from  which  specimens  were  taken 
being  the  most  different.  They  weather  a  deep  warm  brown,  with 
a  rooghish  surface  and  slightly  rounded  outline.  The  rock  is 
extremely  tough.     They  are  intrusive  in  the  Coniston  Limestone. 

The  rock  beneath  the  upper  dyke  is  an  impure  limestone.  It  is 
much  indurated,  and  contains  specks  of  a  bright  green  mineral 
resembling  smaragdite.  A  more  argillaceous  rock  lower  down  was 
only  a  litUe  indurated  and  rather  broken. 

(14)  Cross  Haw  Beck. 

Characters. — Macroscopic.  A  rather  pale  violet-grey,  dusty-looking 
rock,  containing  numerous  small  cr}'stals  of  black  mica,  and  occa- 
sional small  scales  of  a  pale-brown  mica,  with  silvery  lustre.  A 
polished  surface,  however,  shows  it  to  be  a  crystalline  mass  of  a  dead- 
white  felspathic  mineral,  a  greenish-grey  mineral,  and  black  mica. 

Microscopic.  The  rock  has  probably  been  a  crystalline  mixture  of 
felspar,  biotite,  iron  peroxide,  and  augite,  but  it  has  undergone  much 
alteration.  The  first  suggests  orthodase,  but  is  greatly  altered,  the 
second  and  third  minerals  only  being  at  all  well  preserved  ;  the  last 
is  commonly  replaced  by  calcite  and  various  decomposition-products. 
In  some  cases  tiie  mineral  still  retains  a  cleavage  resembling  that  of 
augite,  but  has  lost  its  usual  influence  on  polfuized  light — a  thing 
which  I  have  elsewhere  noted  in  decomposed  augitio  rocks.  There 
is  also  probably  a  little  potash- mica. 

The  rock,  then,  may  be  named  minette.  It  forms  a  narrow  dyke, 
imper£Dotly  exposed,  in  the  bed  of  a  stream  in  the  Coniston  Flags. 

(15)  First  Tributary  (on  W.)  to  Backside  BecJc,  WetUrdale. 
Character. — Macroscopic.  The  rock  is  compact  in  texture,  and  dull 
a  J.  G.  8.  No.  137.  V 
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grey  in  colour,  of  rather  decomposed,  aspect.  The  felspathic  ground- 
mass  is  crowded  pretty  thickly  with  minnte  scales  of  mica,  with  a 
rather  silvery  lustre.  The  rock  is  traversed  here  and  there  by  thin 
veins  of  quartz. 

Mieroscopie,  A  cryptocrystalline  felspathic  ground-mass,  with  a 
general  resemblance  to  those  from  Helm  GilL  Much  brown  mica 
(some  of  the  smaller  plates  of  a  green  colour),  some  apatite,  several 
grains  of  iron  peroxide  (tilmenite),  and  a  considerable  number  of 
crystals  and  grains  resembling  those  in  the  lower  Helm-GOl  rock, 
and  probably  pseudomorphs  after  augite.  Calcite  is  undoubtedly  pre- 
sent in  a  vein,  and  there  is  probably  some  disseminated  dolomite. 

The  rock  is  probably  a  minette-felsite.  The  dyke  is  a  narrow  one, 
and  is  intrusive  in  Coniston  Limestone. 

(16)   WatOe  Oill,  WesterddU. 

Characters. — Macroscopic.  A  compact  dark  rock,  containing  a 
quantity  of  black  mica,  generally  in  small  crystals,  rarely  exceeding 
0*1  inch  diameter,  and  some  scattered  crystals,  occasionally  a  little 
longer,  of  a  pale-grey  colour.     Weathers  brown. 

Microscopic.  Very  similar  to  those  of  the  rock  from  IJldale  Head, 
except  that  extremely  little,  if  any,  of  the  base  remains  in  a  glassy 
condition.  A  separate  description  is  hardly  necessary.  Here  also 
theriB  IB  variety  in  the  pseudomorphous  products  replacing  the  augite 
crystals  and  grains.  One  which  affords  a  perfectly  characteristic 
8-sided  section,  with  the  usual  rectangularity  of  the  alternate  sides, 
is  mainly  occupied  by  a  pale  olive-brown,  hardly  dichroio  mineral, 
which  with  crossed  Nicols  appeals  an  aggregate  of  several  minute 
minerals.  In  the  majority,  however  (which  in  form  are  less  cha- 
racteristic), dolomite  appears  to  predominate.  It  contains  numerous 
endosuree,  three  or  four  being  brown  mica,  and  some,  apparently, 
portions  of  the  base,  containing  (felspar?)  microliths. 

The  dyke  is  a  narrow  one,  intrusive  in  Coniston  limestone,  and  is 
probably  kersantite-porphyrite. 

(17)  Dyke  from  the  upper  part  of  WesterdaU. 

Characters. — Macroscopic.  A  compact,  dull  greenish-grey  rock, 
with  some  darker  specks,  and  a  great  number  of  mica-scales,  almost 
too  minute  to  be  visible  to  the  unaided  eye,  of  silvery  aspect,  so  that 
it  is  by  no  means  a  conspicuously  micaceous  rock.  It  is  evidently 
much  decomposed,  and  weathers  a  rusty  brown. 

Microscopic.  There  has  probably  been  a  glassy  base  crowded  with 
microliths  of  felspar,  augite,  mica,  and  ferrite ;  but  the  present  condi- 
tion of  the  rock  makes  it  difficult  to  speak  confidently.  In  1^  are 
numerous  small  cr3r8tals  of  biotite,  rather  full  of  enclosures,  often 
with  interstitial  calcite  (?),  abo,  possibly,  large  grains  of  some  white 
mica,  iron  peroxide,  and  numerous  crystalline  grains  of  either  augite 
or  hornblende,  chiefly  replaced  by  viridite  (serp.  var.),  and  some  cal- 
cite or  dolomite.  Some  colourless  crystals  may  be  pseudomorphs 
after  felspar,  but  they  have  rather  the  aspect  of  a  micaceous  or  pyr- 
oxenic  mineral. 

The  general  aspect  of  the  rock  suggests  affinities  with  the  basic 
group,  so  that  it  probably  is  a  kersantite-porphyrite.     It  forms  a 
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narrow  dyke  at  the  base  of  the  Coniston  Flags,  near  to  a  rather 
sahnon-coloared  indurated  slate  in  the  upper  part  of  Westerdale. 

Tabulating  the  above  results,  we  accordingly  have  the  following 
classification  of  these  mica-traps,  though  it  must  be  remembered 
that  some  of  those  named  minette-felsite  are  probably  near  the 
plagioclase  group.  Indeed  the  majority,  as  will  have  been  seen 
from  our  examination,  cannot  be  considered  very  typical  examples 
of  the  species  to  which  they  are  referred  :'— 

MinetU,                                                              No.  of  deflcription. 
Cross  Haw  Beck (14) 

KersarUite. 

Bed  of  Lune (9) 

HolbeckGill : (11) 

Diorite  (micaceous). 

Gill  Bank    (3) 

Stile-end  Farm (4) 

mnetie-feUiU. 

Near  Windermere  Station (1) 

Kendal  Eoad  (5) 

Bailway,  Docker  Garth : (6) 

South  of  flaygarth (7)&(8) 

Helm  Gill  (12)&(13) 

Backside  Beck (15) 

Kersaniite-porphyrite. 

UldaleHead (10) 

Wattle  Gill (16) 

Westerdale (17) 

Forphyrite. 

Barley  Bridge (2) 

One  remark  only  need  be  made  in  conclusion.  It  has  been  sug- 
gested that  possibly  some  of  these  mica-traps  may  not  be  true  igneous 
rocks,  but  the  result  of  metamorphism,  by  the  assimilation  of  per* 
tions  of  the  adjacent  sedimentary  rock,  through  the  action  of  gases 
or  of  hot  water  (holding  various  minerals  in  solution)  communicating 
along  lines  of  fissures  with  the  joints.  The  cases  which  we  were  able 
to  examine  in  the  field  did  not  appear  to  favour  this  view ;  and  if  any 
confidence  can  be  placed  in  microscopical  investigation,  there  is  nothing 
in  favour  of  and  every  thing  against  it.  If  the  word  igneous  be  used  in 
its  ordinary  sense,  there  need  not  be  the  slightest  hesitation  in  class- 
ing these  mica-traps  with  the  igneous  rocks.  From  the  above 
descriptions  it  would  seem  probable  that  most  of  them  solidified  at 
no  great  depth.  Hence,  as  their  geologic  age  is  certainly  later  than 
the  Upper  Silurian,  and  is  very  probably  Precarboniferous,  we  should 
be  disposed  to  refer  them  to  some  paxt  of  the  Old  Bed  Sandstone 
epoch,  and  that  probably  not  the  earliest,  connected,  it  may  be,  in 
some  sort  with  those  volcanic  disturbances  which  have  left  such  con- 
spicuous monuments  in  Scotland. 
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DiflCFSSIOW. 

The  Presidbnt  thought  that  very  commonly  the  method  suggested 
by  the  author  for  disonminating  between  calcite  and  dolomite  under 
the  microscope  was  not  applicable  to  limestone  rocks. 

Mr.  BuTLET  said  he  was  acquainted  with  the  rocks  described,  and 
that  he  entirely  agreed  with  the  author  in  his  conclusions.  He 
pointed  out  that  many  of  the  Lake-District  dykes  mapped  by  the 
Geological  Survey  as  felstones  should  be  regarded  as  such,  or  as 
micaceous  eurites.  ■( 

Prof.  Seblby  thanked.  Prof .  Bonney  for  clearing  up  many  of  the 
difficulties  connected  with  minette  which  he  had  himself  in  vain 
endeavoured  to  grapple  with  without  the  aid  of  the  microscope. 
He  offered  the  suggestion  that  some  minettes  may  have  been  formed 
by  the  consolidation  of  masses  of  volcanic  dust  that  had  fallen  and 
filled,  or  been  compressed  or  washed  into,  fissures.  He  cited  in- 
stances in  the  Eifel  of  masses  of  volcanic  dust  containing  crystals 
of  mica  and  other  minerals  in  every  stage  of  development,  so  as 
to  present  an  external  approximation  to  minette.  He  suggested 
that  some  of  the  specimens  which  were  described  by  Prof.  Bonney, 
containing,  as  they  did,  so  large  a  proportion  of  carbonate  of  lime 
and  other  evidences  of  decomposition,  might  have  so  originated. 

Dr.  Hicks  asked  if  the  dykes  of  minette  altered  the  adjoining 
rocks.  He  suggested  that  they  might  result  from  the  metamorphism 
of  mica-slate,  and  have  been  forced  from  below  into  fissures. 

Mr.  BuTLET  confirmed  the  true  eruptive  character  of  the  dykes 
and  bosses  of  minette  referred  to  in  the  paper. 

Dr.  Shbibiter  had  latelv  studied  the  minettes  of  the  Vosges,  and 
was  able  to  confirm  Prof.  Bonney's  views  as  to  the  true  igneous 
origin  of  those  rocks.  In  the  Vosges  similar  dykes  occur  in  the 
Precarboniferous  greywacke  and  clay-slates  of  the  Vosges,  and  the 
rocks  on  either  side  are  perceptibly  altered. 

Mr.  W.  W.  Smtth  stated  that  somewhat  similar  micaceous  rocks 
had  been  described  by  Mr.  Collins  as  occurring  a  few  miles  E.  of 
Truro  in  Cornwall,  and  as  being  plutonic  rocks  constituting  very 
flat-lying  dykes.  For  those  rocks  Mr.  Collins  had,  perhaps  un- 
fortunately, proposed  a  number  of  new  local  names. 

Prof.  Bonnet  replied  to  the  President  that,  although  the  characters 
described  in  dolomite  were  not  always  foimd,  yet  when  found  they 
distinguished  it  from  calcite.  His  real  difficulty  in  dealing  with 
these  rocks  was  owing  to  the  indistinct  crystallization  or  de- 
struction of  the  felspars.  He  did  not  know  whether  he  ought 
to  treat  Prof.  Seeley's  suggestion  as  serious,  especially  as  he  had 
not  examined  the  volcanic  dust  with  the  microscope.  He  said  that 
the  dykes  in  question  sometimes  narrowed  from  below  upwards, 
and  none  of  them  ever  contained  any  trace  in  microscopic  sections 
of  the  clearly  marked  features  of  volcanic  dust,  which  were  seldom 
obliterated  in  altered  rocks.  He  replied  in  the  same  way  to  Dr. 
Hicks's  suggestion,  and  stated  that  there  were  not  the  smallest 
grounds  for  regarding  these  as  otherwise  than  truly  igneous  rooks. 
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13.  I^otes  on  PLETmoDtrs  affinis,  sp.  ined.,  Agassiz,  and  Ds- 
SCBIPTION  of  THEEE  SpiNES  of  Cestkactonts  from  the  LOWEB 
CoAL-MBASFRBs.  By  J.  W.  Davib,  Esq.,  F.G.8.,  F.S.A,  (Bead 
November  20, 1878.) 

[Plate  X.] 

Two  years  ago  1  had  the  pleasure  of  reading  a  paper  tx>  this  Society 
describing  a  thin  stratum  of  shale  known  to  extend  over  an  area  of 
several  nules,  immediately  above  rhe  Better-bed  coal  in  the  neigh- 
bourhood of  Clifton  and  Low  Moor,  south-east  of  Halifax.  The 
stratum  averages  from  a  quarter  to  three  eighths  of  an  inch  in 
thickness,  and  is  almost  entirely  composed  of  the  fragmentary 
remains  of  fishes  and  Labyrinthodonts.  Between  thirty  and  forty 
species  of  fishes  have  been  found,  and  are  enumerated  in  the  paper 
already  referred  to*. 

Plbitbodtts  affinis,  sp.  ined.,  Ag.    (PL  X.  figs.  1-11.) 

Associated  with  these,  several  specimens  of  a  peculiar  Ichthyodo- 
rulite  have  been  found  during  the  last  four  or  five  years.  Three 
of  the  specimens  are  well  preserved,  one  of  them  nearly  perfect 
and  well  separated  from  the  matrix ;  and  there  are  also  several 
others  in  a  more  or  less  broken  condition. 

The  length  of  the  largest  and  most  perfect  example  (hg.  10)  is  two 
inches  and  one  tenth,  and  its  greatest  breadth,  about  the  middle  of  the 
spine,  is  four  tenths  of  an  inch  ;  from  this  point  it  tapers  gradually 
in  each  direction  to  the  basal  and  apical  extremities.  The  anterior 
margin  of  the  spine  forms  a  gentle  uniform  curve  from  the  base  to 
the  point ;  on  the  posterior  aspect  the  curvature  is  much  more  rapid 
from  the  point  to  the  broadest  part,  thence  it  recontracts  in  an  un- 
even line  and  ends  in  a  somewhat  rounded  base  about  two  tenths  of 
an  inch  in  diameter.  The  whole  of  the  spine  is  much  compressed 
laterally.  The  surface  is  marked  by  a  series  of  fine  longitudind  stri®, 
fibrous  in  appearance,  most  distinctly  marked  on  the  basal  end  of  the 
spine,  and  gradually  disappearing  towards  the  apex,  which  is  quite 
smooth  (fig.  11).  Eully  half  the  spine  appears  to  have  been  buried 
in  the  integument  or  muscles  of  the  fish.  Along  the  back  there  is  a 
cavity  extending  from  the  base  one  inch  and  three  tenths,  which 
probably  enveloped  and  protected  the  dorsal  fin.  Higher,  the  cavity 
becomes  enclosed  and  is  ovate  in  form,  remaining  in  a  position 
much  nearer  the  back  than  the  front  of  the  spine. 

Associated  with  these  spines  are  numerous  teeth,  and  there  is 
every  reason  to  believe  that  they  have  belonged  to  the  same  fishes. 

The  teeth  (figs.  1-8)  are  obliquely  ovate  in  form,  produced  so  as  to 
form  a  coronal  ridge  along  the  longer  axis  ;  the  front  part  of  the  tooth 
is  narrow,  almost  pointed,  but  becomes  wider  and  more  rounded  back- 
wards.    From  the  semi-pointed  coronal  ridge  in  the  front  part  the 

*  Quart.  Joum.  Geol.  Soc.  1S7«,  vol.  xxxii.  p.  332. 
Q.J.G.S.  No.  138.  0 
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ddoB  are  spread  out  from  the  base  to  about  the  same  width  as  the 
hinder  portion  of  the  tooth.  These  lateral  wing-like  processes  are 
cut  or  notched  transversely  to  the  axis  of  the  tooth.  The  notches 
vary  in  number  from  four  to  eight.  There  is  also  considerable 
variation  in  the  form  of  the  teeth  themselves  ;  some  are  narrower, 
others  broader,  in  proportion  to  their  length.  An  average  tooth  is 
from  six  to  eight  tenths  of  an  inch  in  length,  the  breadth  equalling 
half  the  length.  The  majority  are  covered  with  a  greyish-white 
enamel  and  are  ornamented  with  inosculating  delicate  transverse 
ridges  which  occasionally  assume  a  reticulated  character,  especially 
near  the  edge  of  the  lateral  process.  In  a  large  proportion  a  finely 
pitted  or  punctured  surface  takes  the  place  of  the  ridges ;  and  more 
rarely  the  two  are  combined  and  give  a  most  exquisite  texture  to  the 
enamel.  The  anterior  central  part  of  the  coronid  ridge  is  frequently 
worn  down  to  a  flat  surface  in  the  larger  and  apparently  older  teeth  ; 
and  in  the  teeth  exhibiting  this  character  a  much  greater  degree  of 
curvature  may  be  noticed ;  the  tooth,  the  base  of  which  is,  as  a  rule, 
rather  flat,  assumes  quite  a  crescent  shape,  as  in  PI.  X.  figs.  6-S. 

By  the  kindness  of  Mr.  J.  Ward,  of  Loughton,  I  have  been  able  to 
compare  my  specimens  with  two  or  three  from  the  Staffordshire  coal- 
field. One  of  these  is  in  connexion  with  a  few  fragments  of  teeth, 
which  are  probably  those  of  Helodus  simplex^  Ag. ;  and  if  this  be  the 
case,  there  is  certainly  a  great  resemblance  between  the  two  sets  of 
spines.  The  teeth  of  Helodtts^  however,  are  almost  unknown  in  the 
Bone-bed,  whilst  nearly  two  hundred  teeth  of  Pleurodus  are  in  my 
possession,  which  have  been  found  in  immediate  juxtaposition  with 
the  spines.  That  the  latter  are  the  spines  of  Phurodus  receives  some 
support  from  the  fact  that  Messrs.  Hancock  and  Atthey  found  in  the 
Coal-measures  at  Newsham  a  small  spine  connected  by  shagreen  with 
the  teeth  of  Pleurodus  Banhinii.  The  specimen  is  described  in 
Nat.  Hist.  Trans,  of  Northumberland  and  Durham,  vol.  iv.  part  ii. 
page  408.  From  the  illustration  which  accompanys  the  description 
of  the  fish-remains,  the  spine  appears  to  be  imperfect,  and  has  lost 
the  basal  part ;  in  other  respects  it  bears  a  very  exact  resemblance  to 
the  exposed  part  of  the  spines  from  Clifton. 

It  is  described  as  being  five  eighths  of  an  inch  in  length  and  situated 
at  the  anterior  extremity  of  the  dorsal  fin.  The  fish  is  represented 
as  being  a  little  more  than  three  inches  from  the  head  to  the  tail,  and 
nearly  two  inches  in  depth  a  little  behind  the  head.  The  position 
of  the  head  is  indicated  by  the  presence  of  teeth,  which  are  in  a 
disturbed  condition  and  probably  about  ten  or  twelve  in  number. 
No  bones  are  distinguishable,  the  skeleton  having  been  entirely 
cartilaginous.  The  whole  of  the  specimen  is  covered  with  shagreen, 
the  tubercles  being  very  minute  and  much  scattered.  Tlie  teeth 
are  two  tenths  of  an  inch  long, "  boss-like  in  form,  somewhat  elon^^bed, 
and  ridged  or  carinated  along  the  longer  axis  ;  the  sides  are  con- 
siderably expanded  in  the  centre,  the  expansions  dying  out  towards 
the  end  of  the  tooth.**  A  specimen,  twice  the  size  of  this,  is  men- 
tioned as  having  been  found  at  Kenton,  which,  it  is  suggested,  may 
belong  to  another  species. 
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Comparing  the  Newcastle  specimen  with  those  from  the  Halifax 
district,  the  difference  in  the  size  of  the  spines  and  teeth  indicates 
that  the  Pleurodus  occnrring  in  the  latter,  was  nearly  or  quite  a 
foot  in  length ;  and  the  difference  in  the  form  of  the  teeth  (those 
from  the  Better-hed  coal  heing  much  more  elongated,  and  not  laterally 
expanded  like  the  smaller  teeth  described  by  Hancock  and  Atthey) 
appears  to  give  support  to  the  determination  of  L.  Agassiz  that  there 
are  two  species  of  PUurodus,  and  that  the  subject  of  this  description 
should  retain  the  name  of  P.  affinis^  Agassiz. 

That  the  spines  and  teeth  have  not  been  found  connected  by 
shagreen  in  the  Bone-bed  will  be  easily  understood  when  it  is  con- 
sidered that  the  remains  of  much  more  bony  fishes,  such  as  Mega-* 
lichthys  or  Ccelaeanthus,  are  rarely  found  connected  together,  and 
that  the  spines  and  other  hard  parts  are  frequently  broken  and 
fragmentary.  The  circumstances  attending  this  deposition  indicate 
a  shaUow  littoral  area  much  disturbed  by  waves  and  currents. 
PUurodus^  being  entirely  cartilaginous,  would  have  a  very  poor  chance 
of  being  preserved  in  a  perfect  and  connected  condition,  the  soft 
cartilaginous  parts  quickly  decomposing,  and  the  teeth  and  spines 
becoming  scattered  by  the  waves. 

Since  writing  the  above  description,  I  have  found,  in  the  cabinet  of 
my  friend  Mr.  W.  P.  Sladen,  a  very  fine  and  large  specimen  of  the 
spine  of  Pleurodus  (fig.  9) ;  and  although  it  is  not  from  the  Bone- 
bed,  it  may  be  well  to  mention  it  at  the  present  time.  In  all  essential 
particulars  it  answers  to  the  description  already  given  of  the  fin- 
ray  of  Pleurodus  affinis,  except  in  its  large  size.  Its  length  is  three 
inches,  and  its  breadth  seven  tenths  of  an  inch.  The  point  and  a 
part  of  the  base  are  broken  off,  so  that  had  the  spine  been  perfect, 
it  conld  not  have  been  less  than  3*7  inches  long.  It  was  found 
above  the  Black-bed  coal  at  Dudley  Hill,  near  Bradford,  Yorkshire. 

HoPLOKCHiTs  ELEeAKs,  n.  gcu.  ct  sp.    (PL  X.  figs.  12-14.) 

Eight  more  or  less  perfect  specimens  of  this  Ichthyodomlite, 
besides  a  few  fragmentary  ones,  have  been  found  and  are  at  present 
in  my  collection.  The  genus  is  enumerated  in  the  list  of  fo^  fish 
occurring  in  the  Bone-bed  above  the  Better-bed  coal  in  the  paper 
already  referred  to,  and  to  it  I  then  applied  the  name  o{  Hoplonchus. 
Four  of  the  specimens  are  larger,  stronger,  and  straighter  than 
the  remaining  four,  the  latter  being  much  curved  and  more  rapidly 
converging  to  a  fine  point.  The  larger  spines  (figs.  13,  14)  are 
about  1*5  inch  in  length;  of  this,  1*1  was  exposed,  and  the 
remaining  '4  inch  formed  the  base,  which  was  imbedded  in  the 
integument  of  the  fish.  The  line  dividing  the  two  parts  forms  a 
eurve  from  the  dorsal  margin  towards  the  base  at  an  angle  of  about 
60°  to  the  length  of  the  spine.  The  greatest  breadth  is  *2  inch 
at  the  junction  of  the  basal  and  exposed  part ;  from  this  point  the 
breadth  gradually  diminishes  to  the  apex ;  the  anterior  face  is  nearly 
straight,  the  posterior  sli^tly  curved.  The  fin-ray  is  laterally  com- 
presMd,  and  ornamented  by  a  slightly  varying  number  of  longitudinal 
Btriations ;  midway  between  the  apex  and  the  basal  line  they  number 
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four  or  five,  and  these  gradually  converge  towards  the  apex  ;  in  the 
opposite  direction  the  number  is  increased  by  bifurcation  to  ten  or 
even  twelve.  Tho  striae  or  co8ta3  are  covered  with  smooth  black 
enamel,  which  towards  the  base  is  produced  into  minute  beak-like 
or  knotty  prominences.  The  intercostal  spaces  are  more  fibrous  ia 
appearance,  and  are  as  nearly  as  possible  the  same  width  as  the  costSD. 
The  most  anterior  ridge  is  separated  by  a  wider  intercostal  space 
than  the  others,  and  is  produced  so  as  to  form  a  carina,  or  keel,  ex- 
tending along  the  whole  length  of  the  exposed  part  of  the  spine. 
The  posterior  portion  appears  to  be  excavated  only  a  short  distance 
from  the  base  towards  the  apex ;  and  the  remaining  portion  is  pi*o- 
tected  by  seven  recurved,  pointed  denticles,  long  in  proportion  to  the 
size  of  the  spine,  and  widely  separated.  The  basal  or  implanted 
part  of  the  spine  is  conical  in  form  and  presents  the  usual  fibrous 
structure. 

The  smaller  spines  (fig.  12)  are  in  many  respects  similar  to  those 
already  described;  they  have  the  same  graceful  ornamentation  of 
the  lateral  and  anterior  faces,  and  the  posterior  surface  has  a  row  of 
pointed  denticles.  They  differ,  however,  in  being  smaller,  rarely 
exceeding  an  inch  in  length,  and  are  less  than  proportionately  broad. 
Their  curvature  is  very  considerable  compared  with  that  of  the  larger 
ones ;  they  are  almost  sickle -shaped ;  and  from  the  middle  portion 
of  the  spine  the  edges  converge  rapidly  to  the  apex,  which  forms 
an  acute  point. 

After  a  careful  comparison  of  the  two  forms  with  examples  of 
recent  fishes,  the  supposition  appears  reasonable  that  the  fish  to 
which  they  were  attached  may  have  had  two  dorsal  fins,  the  larger 
and  straighter  spines  pertaining  to  the  anterior  one,  and  the  shorter 
curved  spine  to  the  posterior  dorsal  fin.  A  very  similar  arrangement 
may  be  seen  in  the  existing  Sjpinax  acanihias^  in  the  Cretaceous 
Drepaneplwrus  canaliculatus  described  by  Sir  Philip  Egerton  in  the 
13th  Decade  of  the  Geological  Survey  of  the  United  Kingdom,  pi.  9,. 
and  in  Palceospinax  priscits,  13th  Decade,  pi.  7. 

The  new  genus  Hoplonchns  is  most  closely  allied  to  the  genera 
HomacanihuSy  Leptacanthus^  and  Onchus  of  Agassiz*,  and  to  a  new 
genus  recently  described  in  the  '  Memoirs  of  the  American  Creological 
Survey  of  Illinois '  by  Messrs.  Orestes  St.  John  and  A.  H.  Worthen, 
and  named  by  them  Acondylacanthus,  From  Onchus  tenuistriatus, 
which  is  described  by  Agassiz  as  straight  or  feebly  arched,  with 
smooth  and  uniform  longitudinal  ridges,  and  having  the  base  bevelled 
to  a  point,  Hoplonchxis  differs  in  having  recurved  denticles  at  in- 
tervals along  the  posterior  face. 

The  genus  Leptacanthus  is  described  as  long  and  narrow,  with 
very  numerous  fine  longitudinal  striaa,  and  also  two  rows  of  closely 
set  minute  denticles  along  the  posterior  margin.  The  stri®  do  not 
form  decided  furrows ;  and  in  L,  semistriatus  there  is  a  small  space 
free  of  ridges  along  each  side  near  the  posterior  row  of  denticles. 
The  species  known  to  Agassiz  were  from  the  Jurassic  and  Liassic 

*  Eecherches  Bur  les  poissons  fossiles,  par  Louis  Agassiz.  Monographie  des 
poiEsoju  fossiles  duyieux  gr^s  rouge,  par  L.  Agn«8iz. 
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rocks.  Some  years  afterwards  two  species  were  referred  to  this 
genns  by  M'Coy*  from  the  Monntain  Limestone  of  Derbyshire  and 
Northumberland  respectively.  The  Illinois  Acondyhuanthus  bears 
a  close  resemblance  to  Leptacanihus  of  Agassiz.  Both  genera 
are  long  in  proportion  to  their  width,  and  are  laterally  ornamented 
by  nnmerous  longitudinal  strise.  Their  postero-lateral  angles  in 
each  case  bear  a  row  of  closely  set  recurved  denticles.  Hoplonchus 
differs  much  in  all  these  respects ;  it  is  a  smaller  spine,  and  in  pro- 
portion to  its  length  is  broader,  and  more  rapidly  and  gracefully 
tapers  to  a  point ;  the  striflQ  are  much  less  numerous,  are  better  de- 
fined, and  reg^ar  in  position.  Hoplonchus  is  further  distinguished 
by  the  crenulations  on  the  ganoid  ridges,  which  do  not  occur  in 
either  of  the  other  genera. 

ffomaeanthus  is  the  name  given  by  Agassiz  to  a  small  Ichthyo- 
dorulite  from  the  Devonian  formation  of  Eussia.  Its  flanks  are 
ornamented  by  longitudinal  homogeneous  furrows,  and  its  posterior 
margins  are  armed  with  a  double  row  of  minute  denticles.  It 
is  distinguished  from  LeptacanOtus  by  the  small  number  of  the 
ridges,  and  the  much  greater  breadth  of  the  spine  compared  with  its 
length.  M.  Agassiz,  in  the  '  Poissons  fossiles  du  vieux  gr^s  rouge,' 
says,  *^  the  great  difference  which  distinguishes  them  is,  that  the 
furrows  or  ridges  of  ffomaeanthus  extend  over  the  whole  surface  of 
the  spine  as  far  as  the  denticles  of  the  posterior  edge,  whilst  in  those 
of  L^tacanthus  the  ranges  of  teeth  are  preceded  by  a  smooth  space.'' 
This  character,  however,  does  not  hold  good  with  all  the  species 
placed  by  Agassiz  under  the  genus  Leptacanihus,  M'Coy,  who  added 
two  species,  ff.  macrodus  and  JET.  microdus'f,  to  the  ff.  arcuatus 
of  Agassiz,  remarks  that  ^'  the  genus  is  by  no  means  a  well-defined 
one ;  but  when  confined  to  these  three  species,  it  has  a  sufficiently 
distinct  facies."  The  species  figured  by  M'Coy  are  both  from  the 
Mountain  limestone  of  Armagh.     They  are  both  imperfect. 

The  smaller  and  decidedly  curved  fin-rays  of  Hoplonchus,  which 
it  is  here  suggested  may  have  been  attached  to  a  posterior  dorsal  fin, 
certainly  b€»r  a  great  resemblance  to  the  spines  of  Honiacanthus  ; 
and  excepting  that  they  are  more  gracefully  proportioned,  the  small 
number  of  striae  and  the  recurved  sharply-pointed  denticles  might 
indicate  that  the  genera  were  the  same,  and  it  is  possible  that  future 
researches  may  necessitate  the  union  o{  Homacanthus  and  Hoplonchus, 

Ctbkacahthxis  .sauisTBiATUs,  sp.  nov.    (PI.  X.  ^g,  15.) 

The  length  of  this  spine  is  nearly  six  inches.  It  is  gently  curved, 
the  anterior  margin  being  somewhat  more  so  than  the  posterior  one. 
The  length  of  the  latter  is  3^  inches  from  the  line  dividing  the 
exposed  part  of  the  spine  from  the  base,  which,  when  living,  was 
imbedded  in  the  body  of  the  fish  ;  the  length  of  the  anterior  margin 
is  4j3Jj^  inches.  The  dividing  line  forms  a  curve  at  an  angle  of  about 
45^  to  the  length  of  the  spine.    The  greatest  width  at  the  junction 

»  'BritiBh  Talmoime  Bocks  and  FossiU,'  by  Sedgwick  and  M'Ooy,  p.  633, 
pi.  iii.  a  figs.  lS-16. 
t  Ojt.cit, 
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of  the  exposed  with  the  imbedded  part  of  the  spine  is  ^  of  an  inch, 
measured  at  right  angles  to  the  length.  Erom  this  point  to  the  apex 
the  width  diminishes  gradually  in  the  lower  and  middle  portions  of 
the  spine ;  but  the  margins  converge  more  rapidly  in  the  upper  part, 
and  the  spine  ends  in  an  acute  point.  The  base,  which  presents  the 
usual  fibrous  structure,  tapers  rapidly  to  a  roundish  extremity  and  is 
conical  in  form.  The  spine  is  compressed  laterally ;  but  on  account  of 
its  being  imbedded  in  the  matrix,  the  form  of  a  transverse  section 
cannot  be  ascertained.  The  exposed  side  is  ornamented  with  a  series 
of  evenly  parallel  ridges.  There  is  no  appearance  of  the  anterior 
outline  being  produced  to  form  a  carina.  Near  the  base  the  ridges 
are  thirteen  in  number ;  they  run  longitudinally  parallel  with  the 
anterior  margin  of  the  spine,  the  result  being  that  they  die  out  or 
disappear  along  the  latcro-posterior  margin  without  inosculation.  At 
the  apex,  only  the  two  most  anterior  ridges  remain  and  form  a  fine 
point.  The  ridges  are  narrower  than  the  intermediate  furrows,  and 
are  divided  along  their  summit  into  minute  papilla-like  tubercles, 
which  are  tipped  with  ganoine.  The  posterior  angle  does  not  appear  to 
be  very  thick.  It  is  armed  along  the  entire  length  of  the  exposed  part 
with  numerous  small  obtuse  denticles  .separated  from  each  other  by 
about  their  own  diameter  ;  they  diffe?  fipQxn.  the  posterior  denticles 
of  C.  hyhodoides,  'Eg.,  in  being  quite  dissociated  from  the  ridges. 

The  spines  of  Ctenacanthus  to  which  this  one  bears  the  greatest 
resemblance  are  those  of  G.  denticiUatus  of  M'Coy  ♦.  There  is,  how- 
ever, considerable  dissimilarity  between  the  two  forms ;  C,  dentioulatus 
is  longer  in  proportion  to  its  breadth,  and  much  more  elongated  to- 
wards the  apex.  The  ridges  run  parallel  with  the  dorsal  margin  of 
the  spine  as  well  as  the  anterior,  the  intervening  ones  being  pro- 
duced by  bifurcation.  The  sides  of  each  ridge  are  denticulated  with 
sharp  recurved  teeth  extending  halfway  across  the  intervening  spaces, 
the  denticle  on  one  side  being  conoected  with  that  on  the  other  by 
a  slightly  oblique  fold  across  the  ridge.  The  dentides  along  the 
latero-posterior  angles  are  larger  and  more  pointed. 

I  have  delayed  the  description  of  this  Ichthyodorulite  for  some 
time  in  the  hope  that  some  other  specimens  might  be  found ;  but 
none  having  been  added  to  my  own  or  other  collections,  I  think  the 
characters  of  this  specimen  sufficiently  clear  and  distinct  to  warrant 
its  addition  as  a  new  species,  and  propose  for  it  the  name  (7.  cequi^ 
8triatu8, 

Phricacanthus  t  BI8EBTALI8,  u.  gen.  ct  sp.    (PI.  X.  figs.  16, 17.) 

Spine  of  medium  size,  about  43  inches  in  length ;  its  greatest 
diameter  is  *3  inch.  It  curves  gently  backwards.  The  exposed 
part  is  covered  by  minute  longitudinal  striations;  the  furrows 
slightly  broader  than  the  ridges  and  minutely  pitted  at  their  base. 
An  internal  cavity,  circular  in  form,  extends  from  the  base  nearly 
the  whole  length  of  the  spine.     The  opening  at  the  basal  end  appears 

*  '  British  Palieoxoio  Bocks  and  Fossils,'  by  Sedgwick  and  H'Ooy,  p.  256, 
pi.  iii.  K  fig.  16. 
t  From  ^pU,  a  ripple,  and  aKavBa^  a  thorn. 
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to  be  tenninal.  The  walls  of  this  oavity,  forming  the  base  of  the 
spine,  were  thin,  and  in  the  specimen  they  hare  been  cmshed  by  the 
saperinonmbent  matrix.  The  upper  half  of  the  spine  retains  its 
normal  form,  is  ciroolar,  curves  more  rapidly,  and  gradually  di« 
minishes  in  diameter  to  a  blunt  point.  fWm  the  point,  extending 
about  two  inches  along  the  dorsal  aspect,  there  is  a  double  irow  of 
eight  or  nine  widely  separated  protuberances  or  denticles.  In  the 
lower  part  the  denticles  are  *2  inch  in  breadth,  but  nearer  the 
apex  they  gradually  diminish  to  about  half  that  size ;  they  are  broad 
at  the  base,  laterally  compressed,  and  rapidly  converge  to  a  very 
obtuse  point.  They  are  separated  by  spaces  occupying  a  rather 
larger  area  than  the  denticles.  The  latter  occur  alternately,  the 
projection  on  one  side  of  the  spine  being  opposite  to  the  depressioii 
on  the  other. 

The  spine  was  enumerated  in  the  list  of  flsh-remains  from  the 
Bone-hedi  (No.  11).  At  that  time,  I  referred  to  it  as  possessing  only 
one  row  of  denticles  on  the  posterior  face.  Since  that  was  written 
I  have  ascertained  that  there  is  a  double  row. 

From  the  genus  Orthacanthus^  which  appears  to  approach  it 
nearest  in  general  character,  this  Ichthyodorulito  presents  con- 
siderable differences  in  its  general  outline,  and  more  especially  in  the 
peculiar  form  and  lai^  size  of  the  posterior  denticles.  Orthaeanthug^ 
as  defined  by  Prof.  Agassiz,  is  a  straight  spine  ;  this  one  is  slightly 
curved.  Mr.  J.  S.  Newberry,  in  the  Eeporfc  on  the  palceontology  of 
Ohio,  has  described  and  figured  a  curved  spiae,  Ortkaeanthus  areuatus, 
which  he  considers  identical  in  structure  with  Prof.  Agassiz's  0. 
eylindricus^  and  consequently  has  united  with  it  in  the  same  genus, 
recent  discoveries  merely  proving  that  the  name  was  not  well 
chosen. 

Orthacanthus  areuatus  is,  however,  very  distinct  from  the  spine 
I  am  describing.  The  greatest  discrepancy  is  in  the  form  of 
the  denticles  ranged  on  either  side  of  the  dorsal  aspect  of  the 
spine.  .  In  Orthacanthus  cylindrims^  Agass.,  and  in  each  species 
since  described,  the  teeth  are  more  or  less  hooked,  pointed  and  close 
together ;  but  in  this  instance  none  of  these  characteristics  will  apply. 
The  denticles  are  widely  separated,  rounded,  and  blunt ;  to  such  an 
extent  is  this  the  case,  that  the  term  denticle  is  scarcely  applicable, 
as  they  have  more  the  character  of  waving  projections  alternately  pro- 
duced, first  right  then  left,  from  the  dorsal  surface  of  the  spine.  In 
consideration  of  this  peculiarity,  I  suggest  that  the  spine  receive  the 
generic  and  specific  name  of  Phricacunthus  biserialis. 


EXPLANATION  OF  PLATE  X. 

FigB.  1-8.  Teeth  of  Pleurodus  affinis,  Ag. 

Figs.  9-11.  Spines  of  Pleurodus  affinis,  Ag. 

Figs.  12-14.  Spines  of  Hoplonchus  eUgans. 

Fig.  15.  Spine  of  Ctenacanthus  aquistriatus. 

Fig.  16.  Spine  of  Phricaeanthus  biserialis, 

fig.  17.  Anterior  extremity  of  fig.  16  separated  from  the  matri^b 
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DlSCTTSSIOy. 

Prof.  DuircAN  asked  for  further  iuformation  as  to  the  geological 
relations  of  the  hed  containing  these  remains,  and  the  conditions 
under  which  the  fish  lived. 

Prof.  MoBRis  also  wished  to  leam  what  were  the  exact  relations 
of  this  hand  of  fish-hearing  shale  and  the  underlying  sporo-coal  of 
the  "  Better  bed ''  in  the  Carboniferous  series. 

Mr.  Davis,  in  reply,  said  that  the  fish-remains  above  the  Better- 
bed  coal  are  always  extremely  fragmentary  and  almost  comminuted. 
Specimens  any  thing  like  perfect  are  very  rare.  He  suggested  that 
the  coal,  after  having  been  formed  on  land^  probably  became  the 
bed  of  a  lake  or  an  open  shore-line.  He  remarked  that  this  thin 
bed  extended  uniformly  over  a  very  considerable  area.  In  reply 
to  Prof.  Morris  he  stated  that  the  Geological  Survey  had  adopted 
a  different  line  of  division  between  the  Middle  and  Lower  Coal- 
measures  from  that  formerly  suggested  by  Prof.  Phillips.  He 
pointed  out  that  marine  and  freshwater  species  of  fish  appeared  to 
coexist  in  the  Carboniferous  beds,  and  compared  this  with  the 
Analogous  case  of  the  Lake  of  Nicaragua,  as  described  by  the  late 
Mr.  Belt.  Ereshwater  forms  of  sharks  are  not  unknown  in  the 
Ganges  and  other  rivers. 
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14.  DzscBiPTioir  of  pbagicektabt  Indications  of  a  huge  xnn)  of 
Thsriosont  Reptile  (Titanosuehus*  fcrox,  Ow.)  from  Beaxtpoet 
"Webt,  Gough  Teact,  Cape  op  €k>oD  Hope.  By  Professor  Owen, 
C3.,  r.K.S.,  F.G.8.,  &c.     (Eead  January  8, 1879.) 

[Plate  XI.] 

In  a  series  of  fossil  remains  from  the  Gough  and  Karroo  tracts  in 
South  Africa,  transmitted  by  Thomas  Bain,  Esq.,  Inspector  of  Koads, 
Cape  of  Good  Hope,  to  the  British  Museum  (May  1878),  boxes 
nos.  1  and  2  were  invoiced  as  containing  "  Loose  bones  and  fragments 
of  bones  of  a  large  Saurian,  found  lying  on  the  surface  at  Kooda- 
skop,  Gough." 

No  bone  was  entire ;  all  were  broken  portions  more  or  less  water- 
worn  and  much  weathered.  A  more  seemingly  hopeless  lot  of  fossils 
I  never  before  took  in  hand. 

Indistinct  traces  of  broken  teeth,  here  and  there,  were  the  sole 
guide  to  a  nearer  recognition  of  the  parts  containing  them,  and  sug- 
gested a  way  of  treatment  by  which  a  clearer  insight  of  their  nature 
might  be  obtained.  Omitting  some  tentative  procedures,  I  venture 
to  submit  the  following  results. 

One  fragment  had  most  resemblance  to  the  right  premaxillary 
part  of  an  upper  crocodilioid  jaw.  The  indications  of  teeth  on  the 
worn  and  broken  alveolar  sur&ce  were  too  obscure  for  useful  de- 
scription, and  a  lapidary's  section  was  accordingly  taken  across  those 
trac^  at  a  deeper  level.  The  implanted  parts  of  the  following  teeth 
were  thus  brought  into  view.  The  foremost  (PL  XI.  fig.  3)  presented 
a  full  elliptical  section  30  miUims.  by  18  millims.,  with  pidp-cavity 
(ib.  f>)  16  millims.  by  10  millims.  As  the  worn  symphysial  surface 
of  the  bone  showed  a  trace  of  the  root  of  this  tooth,  I  had  it  ground 
down  so  as  to  expose  its  extent,  as  shown  in  fig.  4.  A  length  of  the 
basal  part  of  an  implanted  root,  1§  inch,  or  40  millims.,  was  thus 
brought  into  view,  gradually  diminishing  to  a  solid  apex  of  dentine, 
and  seemingly  showing  the  pulp-cavity  restricted  to  the  expanded 
part,  but  it  was  probably  continued  into  the  base  of  the  exserted 
crown,  which  had  been  here  broken  away. 

The  second  tooth  showed  an  inequilateral  triangular  shape,  with 
rounded  angles ;  the  long  diameter,  transverse  to  the  alveolar  Inorder, 
was  20  millims. ;  the  short  diameter  across  the  middle  of  the  tooth 
was  15  millims. ;  the  pulp-cavity  was  12  millims.  by  5  millims. 

The  third  tooth  presented  an  oval  section  18  millims.  by 
12  millims.,  with  a  pulp-cavity  12  millims.  by  6  millims.,  the 
long  axis  being  transverse  to  the  course  of  the  alveoli. 

Beyond  this  were  less  distinct  traces  of  two  other  and  smaller 
indsors,  tiiough  the  latter  inference  is  affected  by  the  section  cross- 
ing nearer  the  end  of  the  root, 

*  TVton  and  «>«c^«»  E^iyptian  name  of  Crooodile. 
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In  the  thiokness  of  the  premaxillary,  on  the  inner  side  of  the 
three  middle  incisors,  were  indications  of  alveoli  of  Bucoessional 
teeth.  Those  near  the  third  and  fourth  incisor  were  subcircular 
spaces  filled  with  the  hlack  matrix ;  that  next  the  second  inciaor 
contained  the  apex  of  a  tooth-germ  showing  a  thin  iiiTestment 
of  enamel.  It  was  of  a  semiciroular  form,  with  the  base  feebly 
undulated  and  the  angles  slightly  produced.  From  this  I  inferred 
that  the  crown  of  the  tooth,  near  its  apex,  was  hiporcate,  the  ridges 
being  in  front  and  behind,  and  dividing  the  outer  more  convex  from 
the  inner  much  loss  convex  sides  of  the  crown.  The  two  diameters 
of  this  apical  section  are  10  millims.  and  6  millims.  The  formative 
cavity,  which  is  filled  outside  the  tooth  with  black  matrix,  is  13 
millims.  by  11  millims.  The  soft  tissues  of  the  tooth-capsnie  and 
periost  originally  occupied  this  space.  There  was  an  indication  of  a 
similar  nidus  of  a  successional  incisor  near  the  section  of  the 
foremost  tooth,  %  1. 

Another  transverse  section  of  a  part  of  the  alveolar  border  of  this 
premaxillary  which  projected  beyond  the  line  of  the  foregoing  section, 
crossed  the  third  incisor  at  or  near  the  base  of  the  crown.  It 
showed  an  indication  of  the  anterior  coronal  ridge  or  production  of 
the  dentine,  which,  further  on  in  the  crown,  would  have  supported 
the  beginning  of  the  enamel  ridge ;  but  such  support  of  the  opposite 
or  posterior  ridge  had  subsided,  and  the  dentine  presented  there  a 
convex  outline.  The  two  diameters  of  the  section  are  30  millims. 
and  20  millims.  No  enamel  is  shown  in  any  of  the  sections  save 
that  of  the  apex  of  the  crown  of  the  successional  incisor.  From 
this  fossil  I  inferred  that  I  might  be  on  the  trace  of  a  Theriodont 
with  the  upper  incisive  formula  of  GorgonopSy  viz.  1 5 — 5  ♦. 

A  diligent  quest  and  comparison  of  the  other  fragmentary  repre- 
sentations of  what  Mr.  Bain  regarded  and  reported  as  "  loose  bones 
and  fragments  of  bones  of,"  I  presume,  the  same  "  large  Saurian  " 
led  to  the  recognition  of  the  portion  of  the  left  maxillary,  the  subject 
of  fig.  1.  It  includes  the  trace  of  the  socket  of  the  canine,  «,  with 
part  of  the  base  or  root  of  that  tooth,  r,  and  of  its  pulp-cavity,  Pt 
which  contained  some  infiltrated  matrix. 

The  widest  part  of  what  was  left  of  the  socket  is  35  millims. 
across ;  but  it  does  not  include  all  the  outer  waU ;  and  the  transverse 
curve  of  the  retained  portion  of  the  tooth  indicates  a  more  consider- 
able circumference  than  is  here  shown. 

The  length  of  the  preserved  part  of  the  socket  is  4^  inches ;  but 

the  outlet,  with  those  of  the  sockets  of  the  succeeding  molars,  has 

iw^^r.  ViT-r^Vn^  away.     The  bases  of  three  of  these  molars,  in  what 

f  their  sockets,  were  obvious,  and  a  section  along  the  rest 

3olar  border  (fig.  2)  brought  into  view  eight  others  oi 

pe  and  size. 

most  of  the  molars  (fig.  1,  m  1)  appears  to  have  pro- 

3  to  the  canine.    The  fore-and-aft  diameter  of  its  preserved 

millims. ;  that  of  the  pulp-cavity  is  8   millims.    The 

>tive  and  Illustrated  Catalogue  of  the  Foasil  Beptilia  of  South 
1876,  p.  27,  pi.  «i.  fig.  2,  il,  2,  3,  4,  5, 
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aeeond  molar,  m  2,  projecting  at  an  interval  of  2  miUims.  from  the 
first,  presents  the  same  dimensions :  the  transverse  diameter  given 
by  thu  better-preserved  tooth-fang  is  10  millims.  The  third  molar, 
at  an  interval  of  3  millims.,  has  diameters  of  11  millims.  and  9 
millims. 

After  this  the  molar  intervals  vary  £rom  3  millims.  to  6  millims. 
The  elliptical  section  of  the  tooth-root  is  preserved  with  very  little 
variation  from  the  diameters  of  the  third  molar.  Bemains  of  eleven 
of  these  small  snbequal  molars  are  shown  in  the  portion  of  upper  jaw 
figured  in  fig.  1,  PI.  XI. 

The  crowns  of  these  teeth,  like  those  of  the  incisors,  would  be 
broader  than  the  exposed  roots,  and  probably  occupied  space  equal 
to  the  intervals  left  between  those  roots ;  but,  with  this  assumption, 
the  molars  are  smaller  than  the  incisors,  as  is  the  case  in  Lycosawua 
parcUilis*. 

The  number  of  the  molars,  supposing  the  whole  to  have  been  pre- 
served in  the  maxillary  fragment  described,  would  be  very  nearly 
that  in  the  small  Theriodont  OdUsaurus  t ;  and,  as  the  hind  fracture 
of  the  fossil  has  crossed  the  eleventh  molar,  it  may  well  have  been 
succeeded  by  a  twelfth,  as  in  Qaluaurus^  if  not  by  more,  as  seems 
to  have  been  the  case  in  Gorgonops,  from  the  pfoportional  length  of 
the  maxillary  of  Q,  torvus^  Ow. 

I  took  advantage  of  the  hind  fracture  of  the  maxiUary  fossil  under 
description  to  get  a  clearer  view  of  the  mode  of  implantation  of 
what  seemed  to  be  the  terminal  half  of  the  root  of  the  eleventh  molar. 
It  ended,  like  the  first  incisor,  in  an  obtuse  point,  where  the  pulp- 
cavity  was  obliterated.  No  trace  of  a  successional  germ  or  its  nidus 
was  exhibited  in  this  section  (PI.  XI.  fig.  5). 

The  next  more  easily  recognizable  fossil  was  the  anterior  end  of 
the  left  ramus  of  a  lower  jaw  (PI.  XI.  fig.  6).  The  rough  sym- 
physial  articular  surface  is  4  inches  in  vertical,  2J  inches  in 
transverse  diameter ;  but  part  of  the  upper  border  has  been  worn 
away.  The  length  of  the  fragment  is  7  inches,  the  height  4|,  the 
thickness  behind  the  symphysis  2J  inches.  The  outer  surface  is 
convex  and  pretty  even,  ii^nth  some  small,  scattered,  vascular  canals ; 
the  inner  surface  is  impressed  by  a  splenial  groove,  8  lines  in 
breadth,  but  rapidly  contracting  where  it  enters  and  is  lost  in  the 
symphysial  surface.  The  alveolar  border  (a,  a)  about  2  inches  in 
breadth,  had  been  subject  to  abrasion,  and  showed  but  feeble  indi- 
cations of  teeth  or  sockets. 

Of  this  border  I  had  the  section  made  which  is  the  subject  of 
fig.  6,  when  the  following  parts  were  demonstrated. 

The  foremost  tooth,  i  1,  was  too  partially  and  obscurely  repre- 
sented for  description. 

The  next  tooth  (i  2)  presented,  in  section,  an  oval  figure,  with 
the  great  end  outwards,  21  millims.  in  long  diameter,  15  millims.  in 
greatest  breadth,  with  a  pulp-cavity  (ib.  p)  of  similar  form  measuring 
10  millims.  by  7  millims.  This  tooth  was  situated  about  IJ  inch 
from  the  fore  end  of  the  jaw,  and  10  millims.  from  the  first  incisor. 

*  Op.  cU.  p.  15,  pi.  «?.  fig,  2.  t  Op.  eU.  p.  23,  pL  xriii,  %.  a 
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The  third  ixx)th  (ib.  %  3)  was,  in  section,  more  nearly  elliptical, 
with  the  long  axis  transverse  to  the  jaw,  20  millims.  by  12  millims. 
in  the  two  diameters.  An  interval  of  10  millims.  separated  it  from 
the  second  tooth,  t  2. 

The  fourth  tooth  (ib.  i  4),  less  regularly  elliptical  in  sectioUj'^was 
23  millims.  by  17  millims.  in  the  two  diameters,  which  held  the  same 
relation  to  the  alveolar  border  as  the  preceding  teeth.  The  pulp- 
cavity,  p,  of  the  fourth  tooth  was  14  millims.  by  10  millims.  The 
interval  between  this  and  the  third  tooth  was  18  millims. 

The  fifth  tooth  (ib.  c)  showed  a  great  increase  of  size,  the  two 
diameters  being  2  inches  by  1^  inch,  or  50  millims.  by  35  millims. ; 
its  section  presented  a  less  regular  oblong  shape,  and  the  long 
diameter  was  inclined  toward  the  longitudin^  course  of  the  alveolar 
border.  The  long  diameter  of  the  pulp-cavity,  p,  is  34  millims. ; 
the  transverse  or  short  one  is  20  millims. 

The  thickness  of  the  dentinal  wall  was  pretty  uniformly  10  millims. 
The  indications  of  the  osseous  walls  of  the  sockets  of  these  teeth 
are  marked  o,  o,  in  fig.  6. 

Comparing  the  evidence  of  the  anterior  teeth  of  the  fossil  mandible 
with  the  teeth  in  the  corresponding  part  of  that  of  existing  reptiles, 
I  found  the  nearest'  correspondence  in  Crocodilus  vulgaris^  Cuv. 

The  mandibular  symphysis  varies  in  shape  and  relative  length  in 
existing  Crocodilia,  its  ^ortness  distinguishing  the  genera  Oo- 
eodilva  and  Alligator  from  the  genus  Qavialis,  But  it  offers  cha- 
racters in  regard  to  shape  and  proportions  in  difierent  species  of  the 
broad-faced  section  of  the  order,  where  it  is  of  least  extent.  It  is 
shorter,  for  example,  in  proportion  to  its  depth  or  vertical  diameter, 
in  Crocodilus  vtdgaris,  Cuv.,  than  in  Crocodilus  honibifrons  and 
Crocodilus  palustris ;  and  in  its  symphysial  character  I  found  that 
the  present  fragment  of  Titanosuchus  most  resembled  a  specimen  of 
Crocodilus  vulgaris  from  a  river  opening  upon  the  west  coast  of 
Africa. 

In  Crocodilia  the  inner  surface  of  the  dentary  element  is  impressed 
by  a  longitudinal  groove  which  terminates  forwards  by  indenting 
the  symphysial  surface.  A  similar  groove  indents  the  corresponding 
surface  of  the  dentary  bone  of  Titanosuchus,  It  is,  however, 
situated  nearer  the  lower  margin  of  the  bone,  less  deeply  indent* 
the  symphysial  surface,  and  the  lower  border  of  the  groove  is  less 
produced  than  in  the  recent  Crocodiles  compared. 

The  seemingly  lower  position  of  the  groove  which,  from  its  being 
covered,  in  Crocodiles,  by  the  splenial  element,  I  have  called 
"splenial,"  is  due,  in  TitatiosuchuSy  to  the  downward  inclination  o( 
the  inner  alveolar  wall  of  the  incisive  series  of  teeth.  In  the  Croco- 
dilian mandibles  compared  this  wall  extends  horizontally  inwards 
for  some  way  before  bending  down  to  the  inner  grooved  surface, 
rendering  such  inner  surface  of  minor  relative  extent  than  in  Titano- 
suchus, The  part  marked  h,  ^g,  6,  sloping  downwards  to  the  groove, 
answers  to  a  nearly  horizontal  flattened  upper  surface  in  Crocodilus 
vulgaris. 

In  most  existing  broad-faced  Crocodiles  three  teeth,  reckoned  as 
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incisors,  precede  the  fourth,  which  hy  its  size  and  shape  is  called  the 
^*  anterior  canine ;"  hnt  the  first  of  the  incisors  is  relatively  larger 
than  in  Titanomckus,  In  Croeodilus  hombifrons  it  is  almost  as  large 
as  the  fourth  or  canine  tooth  ;  and,  hy  its  superiority  in  size  to  the 
second  and  third  incisors,  might  merit  the  name  of  an  anterior 
canine.  In  Crocodilus  vtil</ari8  the  first  tooth  is  not  so  large,  rela- 
tively, as  in  Crocodilus  hombifrons,  hut  is  larger  relatively  than  in 
Titanosuekus.  The  second  and  third  incisors  are  relatively  smaller 
than  in  Titanosvchus  and  are  placed  wider  apart.  It  must  he  noted, 
however,  that  the  section  exposing  this  part  of  the  dentition  of 
Titanomchus  (PI.  XI.  ^g,  6)  crosses,  not  the  crowns,  but  the  im- 
planted parts  of  the  teeth.  Still  such  part  of  root  would  hear  a 
proportion  to  the  crown  which  suggested  the  above  comparison  with 
the  broad-faced  Crocodilia. 

Beyond  the  canine  (ib.  c)  were  indications  of  teeth  of  smaller 
relati?e  size  than  those  in  Crocodiltis  vulgaris.  Making  a  horizontal 
section  at  the  requisite  lower  level,  the  crowns  of  three  such  molars 
were  brought  into  view  (fig.  6,  m  1,  m2,  m  3). 

A  portion  of  a  left  mandibular  ramus^  5  inches  in  lengthy  was 
found  to  fit  BO  well  to  the  fractured  end  of  the  fossil  just  described 
as  to  show  it  to  be  part  of  the  same  dentary  element.  In  this  sup- 
plementary portion  were  exposed,  by  a  similar  horizontal  section  to 
that  which  brought  to  view  the  preceding  molars,  a  series  of 
seven  such  teeth  (Qg.  7,  m  4-10)  showing  little  difierence  of  size 
amongst  themselves.  Their  alveoli  opened  upon  a  horizontal  border, 
and  their  arrangement  showed  as  litUe  lateral  as  of  vertical  deviation 
from  a  straight  line.  AU  these  teeth  are  situated  dose  to  the  inner 
alveolar  wall  or  inner  side  of  the  upper  border  of  the  jaw,  leaving 
an  extent  of  the  outer  part  of  that  border  of  from  6  to  12  millims. 
in  breadth. 

The  first  socket  of  this  series  (&g.  6,  m  1)  is  10  millims.  behind 
that  of  tho  canine ;  the  second,  m  2,  is  but  1^  millim.  from  the 
first ;  and  the  third  is  2  millims.  from  that  of  tho  second.  The  next 
interval  is  3  millims.  in  extent ;  then  follow  intervals  varying  from 
4  millims.  to  10  millims.  The  roots  of  tho  anterior  teeth  show,  in 
transverse  section,  an  elliptical  form,  with  the  long  axis  parallel  to 
that  of  the  jaw ;  thoso  of  tho  posterior  teeth  are  circular  in  section, 
or  nearly  so. 

Tho  diameters  of  the  fourth  molar  are  9  millims.  and  6  millims. ; 
tho  eighth  and  ninth  molars  are  circles  of  7  millims.  in  diameter. 

Thus  was  obtained  evidence  of  the  concurrence  of  dental  cha- 
racters in  the  lower  jaw  with  those  exemplified  in  the  portions  of 
upper  jaw  (figs.  1  &  2)  of  Titanosuchus,  The  osteological  differ- 
ences above  specified  between  tho  symphysial  and  the  dentary 
element  of  the  present  genus  and  that  of  the  Crocodilia  compared 
might  not  have  been  regarded  as  of  ordinal  value ;  but  the  number 
and  near  equality  of  size  of  tho  inferior  incisors  of  Titanosuchus 
would  have  suggested  its  affinity  to  some  genus  less  differentiated  in 
Triassic  times  from  the  later  and  true  Crocodilia,  if  the  number, 
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size^  equality,  and  even  ranking  of  the  molar  series  bad  not  more 
decisively  demonstrated  the  Theriodont  character  of  the  fossils. 

It  might,  indeed,  he  objected  that  the  evidence  of  the  size  and 
shape  of  the  teeth  in  Titanosuchus  is  partial  or  defective ;  and  I 
admit  that  the  indications  of  the  molar  series,  like  those  of  the 
canine  and  incisor  teeth,  are  of  the  implanted  fangs.  The  shapes 
of  their  respective  crowns  are  matters  of  inference  from  analogy ; 
but  the  closest  analogy  in  the  reptilian  series  is  with  the  Theriodont 
group. 

Lycosaurus  pardalis*  exemplifies  a  similar  proportion  of  molars 
as  compared  with  incisors.  Galeosaurus  planicepsf  shows  the  uni- 
form character  and  straight  alveolar  supporting  frame  of  the  molar 
series. 

It  is  reasonable  to  infer  that  the  crowns  of  this  series,  in  Titanth- 
8uehu$,  would  show  a  less  disproportionate  size  than  might  be  de- 
duced from  the  roots.  But  these,  with  the  alveolar  frames  enclosing 
them,  afford  sufficient  evidence  of  the  absence  of  that  repetition  of 
the  canine-like  characters  of  shape  and  relative  size  in  certain  teeth 
of  the  series,  which  characters  are  associated  with  the  undulatory 
course  of  the  alveolar  border  of  the  jaw  in  true  Crocodiles ;  while 
the  earlier  Teleosaurian  type  and  its  existing  representative  in  the 
Gavials  have  no  teeth  recognizable  by  differential  shapes  or  sizes  as 
incisors  and  canines  from  the  series  of  equable  and  similarly  shaped 
teeth  supported  by  their  long  and  slender  jaws. 

I  have,  however,  finally  to  refer  to  another  Theriodont  character, 
which,  with  the  humeral  one  J,  exemplifies  a  nearer  affinity  to  the 
carnivorous  Mammalia  than  is  recognizable  in  any  known  modifica- 
tion of  the  Crocodilian  order. 

If,  for  example,  a  vertical  section  be  made  of  the  tooth  of  a  Cro- 
codile answering  to  the  canine  in  Titanosuchus^  its  root  docs  not 
contract  or  solidify  as  it  descends  in  the  socket,  but  it  ends  in  an 
open  basis  of  the  hollow  cone,  whose  apex  terminates  the  more  solid 
crown  of  tlie  tooth.  Communicating  with  the  inner  side  of  the 
socket  is  a  larger  or  smaller  reserve  socket  lodging  the  matrix  of  the 
succcssional  tooth. 

Every  Crocodilian  tooth  shows  more  or  less  of  this  character, 
associated  with  the  relatively  shorter  duration  of  the  teeth  in  use 
and  their  speedy  shedding  and  replacement  by  succcssional  teeth. 
In  the  Theriodontia  the  teeth,  at  least  in  full-grown  specimens, 
are  longer  retained  and  develop  roots,  which  contract  as  they  sink 
in  the  socket  and  become  more  or  less  closed  at  the  implanted  end, 
like  the  permanent  teeth  in  diphyodont  Mammalia. 

In  a  portion  of  the  right  maxiUary  of  Titanomchxis  containing  the 
implanted  root  of  the  canine,  this  was  exposed  by  chiselling  away 
the  socket  to  the  end  of  the  root,  which  gradually  contracted  from 
a  breadth  of  1^  inch  (40  millims.)  to  that  of  2b  millims.,  when 
the  fang  rounded  off  to  terminate  obtusely.  The  external  wall  of 
the  pulp-cavity  of  the  canine  had  been  in  part  broken  away  in  the 

*  Op.  cif.ji.  15,  pi.  liv.  fig.  2.  t  lb.  p.  23,  pL  xriu. 

t  Quart.  Jouru.  Geol.  Soc.  vol.  xxxii.  p.  96,  pi.  xi.  fig.  6,  h,  x. 
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foBsil ;  and  the  cavity  was  farther  exposed  to  its  tennination,  which 
became  closed  at  a  distance  of  half  an  inch  from  the  obtuse  and 
consolidated  end  of  the  root.  No  trace  of  a  reserve  alveolas  or 
rudiment  of  a  successional  canine  could  be  discerned. 

To  test  this  character  in  the  opposing  inferior  canine,  a  more  de- 
cisive  step  was  taken. 

A  vertical  section  was  made  across  the  canine  transversely  to  the 
axis  of  the  jaw,  and  an  extent  of  the  root  of  that  tooth  of  2  inches 
9  lines  (68  millims.)  was  exposed,  as  in  fig.  8,  PI.  XI.  Erom  a 
breadth  of  35  millims.  the  root  gradually  contracted  to  one  of  10 
millims.  and  terminated  obtusely  atr;  the  pulp-cavity  p,  18  millims. 
across  at  the  upper  part  of  the  section,  contracted  to  a  breadth  of 
5  millims.,  and  closed  obtusely  8  millims.  from  the  end  of  the  root, 
which  presented  a  solid  imperforate  body  of  dentine.  The  thickness 
of  the  dentinal  wall,  «,  of  the  pulp-cavity  at  the  lower  third  part  of 
the  root  is  5  millims. ;  it  increases  to  9  millims.  at  the  upper  part. 
Thus  the  remains  of  the  pulp  occupy  a  closed  cavity,  save,  probably, 
to  some  minute  channels  for  the  passage  of  blood-vessels,  which, 
however,  were  not  demonstrated  in  this  section. 

The  part  of  the  root  toward  the  inner  side  of  the  dentary  bone  de- 
scribes a  sigmoid  curve  in  the  section,  being  convex  at  the  upper 
half  and  concave  at  the  lower  half,  the  fang  slightly  bulging  toward 
that  side ;  the  opposite  side  descends  at  almost  a  straight  line  to  the 
obtuse  end. 

The  socket,  which  is  indicated  by  the  black  matrix,  shows  a  simi- 
lar form  in  the  section,  and  also  the  extent  which  was  occupied  by 
vascular  membrane  or  other  substance  between  the  tooth  and  jaw- 
bone. On  the  inner  side  of  the  section  the  interspace  increases 
from  a  breadth  of  2  millims.  at  the  upper  part  to  one  of  6  millims. 
along  about  two  thirds  of  the  descending  root ;  it  then  diminishes  to 
less  than  1  millim.  round  the  obtuse  end  of  the  root.  On  the  outer 
side  of  the  root  the  pulp-cavity  also  gains  width  as  the  root  descends, 
but  in  a  lees  degree  than  on  the  opposite  side ;  its  greatest  breadth, 
at  one  inch  distance  from  the  obtuse  end,  is  4  millims.,  and  it  gra- 
dually narrows  towards  both  ends  of  the  exposed  root,  but  most  so 
at  the  closed  end. 

Here,  therefore,  was  demonstrated  what  was  very  plainly  indicated 
in  the  more  curved  fang  of  the  upper  canine,  that  the  pulp-cavity 
contracted  and  became  closed  before  attaining  the  end  of  the  im- 
planted root,  and  that  in  both  cases  the  root  terminated  solidly  and 
obtusely.  That  no  trace  existed  of  any  provision  for  a  successor  was 
more  plainly  demonstrated  in  the  section  which  is  the  subject  of 
fig.  8.  If  no  other  evidence  than  a  canine  tooth  of  Titanosuchus 
had  come  under  observation,  it  might  well  have  been  inferred  to  be 
the  second  or  permanent  one  of  a  huge  carnivorous  mammal. 

Comparing  the  subject  of  fig.  0,  at  the  commencement  of  this  quest, 
and  when  the  uncut  symphysisd  part  of  the  lower  jaw  of  Titano- 
iuchus  suggested  Crocodilian  affinity,  I  found  no  other  example  of 
recent  or  extinct  Crocodile  comparable  in  bulk  to  the  South-African 
fossil  in  hand,  save  that  huge  Miocene  Gavial  from  the  Siwalik 
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sandstone,  which  Hugh  Falconer  made  known  to  ns  under  the  name 
of  Leptorhynthus  erassidens  *. 

Amongst  the  more  fragmentary  evidences  of  this  spocies  was  a 
portion  of  the  lower  jaw  corresponding  with  the  subject  of  fig.  6, 
PI.  XL,  and  lodging  a  canine  tooth  of  equal  size.  I  therefore  caused 
a  similar  section  to  he  made  of  this  tooth  and  its  socket.  The  canine 
in  place  had  its  summit  worn  to  a  certain  obtusenesa  ;  it  had  evi- 
dently been  some  time  in  use;  but  no  long  or  tapering  root  de- 
scended from  the  crown.  The  implanted  base  was  widely  open,  and 
within  the  similar  wide  and  conical  pulp-cavity  had  passed  the  crown 
of  the  next  tooth  in  succession.  Of  this  crown  the  apical  cap  or  shell 
was  calcified,  the  base  widely  open,  and  the  pulp,  replaced  by  disco- 
loured matrix,  had  occupied  the  cavity  of  the  growing  tooth.  On  the 
inner  side  of  the  base  of  this  cavity  a  reserve  socket  had  begun  to  be 
formed  around  the  matrix  of  a  third  tooth,  or  second  in  succession  to 
the  one  in  use.  The  track  of  the  germ,  originally  budded  off  from  the 
base  of  ihe  old  matrix,  was  reduced  to  a  Imear  canal  extending  from 
the  base  of  the  socket  into  which  the  successional  tooth  had  pushed 
its  way,  to  that  which  was  due  to  the  absorption  through  pressure  of 
the  growing  matrix  of  the  tooth  destined  in  its  turn  to  force  its  way 
into  the  hoUow.beneath  the  young  tooth. 

The  contrast  between  the  Theriodpnt  and  the  Crocodilian  reptile 
in  this  important  dental  character  was  strikingly  manifested  in  the 
sections  of  the  large  homologous  tooth. 

I  proceeded  next  to  test  the  same  character  in  the  incisor  and  molar 
teeth.  Eigure  4,  as  before  stated,  represents  the  section  of  the  root 
of  the  anterior  upper  incisor  of  Tttanosuchus  ferox.  Here,  as  in  the 
canine,  the  root  at  first  gradually  diminished,  and  then  more  quickly 
contracted  to  a  rather  blunt  point,  r.  The  pulp-cavity,  p,  became 
closed  at  a  greater  relative  distance  from  this  point  than  in  the  canine. 

Similar  longitudinal  or  vertical  sections  were  made  of  molar  teeth 
from  both  ends  of  their  series  with  similar  results,  as  is  exemplified 
in  fig.  6  of  an  eleventh  molar  of  the  upper  jaw,  and  hy  fig.  9  of  a 
third  lower  molar.  In  the  latter  tooth  the  pulp-cavity,  p,  extends 
nearer  to  the  closed  end  of  the  root  than  in  the  other  sections. 

The  evidence  of  successional  teeth  in  the  case  of  the  upper  incisors 
has  already  been  given ;  but  they  are  developed  in  distinct  sockets, 
and  do  not  penetrate  wide  unclosed  pulp-cavities  of  the  teeth  in 
place  and  use,  as  in  the  Crocodilia. 

4  Whether  the  more  mammalian  character  of  succession  operates  in 
the  canine  and  molar  teeth,  as  in  the  incisor  series,  no  evidence  has 
been  extracted  from  the  present  Titanosuchian  fosdls. 

The  ordinal  character  of  the  Crocodilian  tooth,  as  above  exempli- 
fied in  recent  and  extinct  species,  I  long  ago  defined,  as  consisting 
in  the  slight  enlargement,  or  maintenance  of  the  same  breadth,  of 
the  root  to  its  base,  which  is  deeply  excavated  by  a  conical  pulp- 
cavity  extending  into  the  crown,  and  is  commonly  cither  perforated 
or  notched  at  its  concave  or  inner  sidef. 

*  PaliBontological  Memouw,  8vo,  i.  1868,  p.  279. 

t  '  Odontography/  vol.  i.  p.  201,  pi.  75.  figs.  1,  2,  4fl,  5. 
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In  lehihyosaurus  the  pulp-caTity  may  be  partially  obliterated  in 
the  root  while  it  is  retained  in  the  baaal  part  of  the  crown  of  a 
tooth*;  bat  the  base  is  sapped  by  the  successional  tooth,  which 
penetrates  its  predecessor  and  seems  to  push  it  outf.  The  root,  in 
folly  formed  or  old  teeth,  contracts  slightly  at  the  implanted  end. 

In  Iguanodon  the  tooth-root  is  less  broad  than  the  crown,  and 
assomes  a  snbcylindrical  shape  t ;  but  such  root  seldom  contracts 
as  it  descends,  and  never  dwindles  to  a  point ;  it  is  invaded  and 
pressed  upon  by  the  crown  of  the  successional  teeth,  developed  in 
germ-sockets  at  the  intervals  left  by  the  narrow  roots  of  the  teeth  in 
place,  which  roots  undergo  absorption  as  the  tooth  they  support  is 
in  coarse  of  being  displa^  by  its  successor  §. 

The  Plioeaur  and  Iguanodon  exemplified,  in  my  experience,  the 
extremes  of  deviation  from  the  developmental  phenomena  of  the 
teeth  of  existing  Crocodiles  and  Lizards  prior  to  the  discovery  of  the 
Theriodont  type  of  Reptilia. 

In  the  few  rare,  and  at  that  time  unique,  examples  of  the  order 
described  in  my  ^Catalogue  of  the  Fossil  Beptilia  of  South  AMca,' 
bat  one  instance  showed,  by  its  fractured  state,  the  implanted  part 
of  the  canine  |i  ;  and  this  did  not  appear  to  afford  adequate  ground 
for  adding  the  condition  of  tooth-root  and  limited  succession  of  teeth 
to  the  other  mammalian  characters  assigned  to  the  orderi[.  But  I 
now  know  that  a  long  deeply  implanted  root  of  the  canine  tapering 
to  a  blunt  point,  vnth  the  widest  part  of  the  pulp-cavity  at  the  base,  in 
or  near  to  the  crown,  is  a  natural  structure  and  an  ordinal  charao- 
teristic  by  which  the  Theriodontia  differ  from  the  Binosauria  and 
Enaliosauria,  and  in  a  still  greater  degree  from  the  Crocodilia ;  and 
this  charactCT  must  be  added  to  the  serrate  and  trenchant  border  of 
the  crown  of  the  canine,  to  the  entocondylar  perforation  of  the 
humerus,  and  to  the  general  carnivorous  type  of  the  dentition — in 
which  the  incisors,  defined  by  position,  are  more  equable  in  size  than 
ia  Crocodilia,  while  the  canine,  large  and  laniariform,  is  single  on 
each  side  of  both  jaws,  with  the  crown  of  the  lower  canine  crossing 
in  front  of  the  upper  one ;  this,  moreover,  is  followed  by  a  series  of 
jaaeH,  subequal,  subtrenchant,  pointed  molars. 

In  all  such  groups,  as  our  knowledge  thereof  extended,  we  com- 
monly became  acquainted  with  and  perplexed  by  aberrant  forms ; 
and  such  were  diminutive  species  associated  under  the  generic  name 
of  Procohphon,  and  which,  in  my  '  Catalogue '  of  1876, 1  left  at  the 
fag-end  of  the  type  species  of  Theriodontia,  while  at  the  same 
time  pointing  out  in  Proeolophon  minor,  for  example,  the  **  linear 
osseous  narial  septum  "  (p.  2^),  and  duly  representing  that  difieren* 
tial  character  from  the  Mononarials  in  pL  xx.  fig.  11 — ^noting  also 

*  Odontography,  p.  376,  pi.  73.  fig.  8  a, 

t  i&.  p.  2H0,  pl.7d.  fiff.7:  and  see  '  Monograph  of  the  Fonil  Beptilia  of  the 
Cretaceous  Formations,'^  Pal.  roL  1851,  pL  ir.  figs.  7,  8,  9. 

t  lb.  p.  249,  pi.  70.  figs.  1,  2,  4. 

{  '  Monograph  on  "Wealden  Beptiles.'  Palseontographical  volume  issued  in 
1874,p.3,pLLflg.  8,a,ft,  ft. 

I  li/eomwriu  pardalis,  op.  oU,  p.  16,  pL  xi?.  fig.  l,c. 

1  Op.  cU.  pp.  15  k  75. 

Q.  J.  G.  8.  No.  138.  P 
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that  ^Hhereis  no  tooth  in  either  upper  or  lower  jaw  resembling  a 
canine  by  superiority  of  size  "  (»fe.  p.  26).  But  as  every  tooth  was 
implanted  by  a  contracting  and  basally  dosed  root,  without  a  trace 
of  having  been  assailed  by  a  suocessioual  tooth,  of  which,  as  a  cavity 
of  reserve,  there  was  no  trace,  I  concluded  to  leave  the  Procolophons 
with  the  Theriodonts ;  nor  do  I  know  yet  where  better  to  place  them 
in  the  rapidly  expanding  Beptilian  class. 

The  addition  to  that  class  which  is  now  brought  before  the  Society 
may  be  characterized  as  follows : — 


Order  Thebiodontia. 
Genus  Titaitositchus, 

6-«    ^    1—1    _    11—11 


Dental  charade : — i.  rr^,  c.  ,—7,  m. 


4-4>  ^»  i-i>  "*•  10-10  or  11— II' 

8pecies  Titanosuchus  ferox. 

The  skull  is  shown  by  the  portions  of  maxiUas  with  the  alveoli  of 
the  molar  series  to  have  been  shorter  and  deeper  than  in  Ghrgonops ; 
the  mandible  at  its  symphysial  end  was  thicker  in  proportion  to  its 
depth  than  in  Tigrisuchus,  Cynosuchus,  and  Oalesaurus,  The  d^^ree 
of  correspondence  with  those  eminently  carnivorous  genera  in  every 
comparable  character  supports  the  inference  that  the  crowns  of  the 
indsors,  canines,  and  molars  presented  the  same  destructive  lania- 
riform  character  in  the  present  gigantic  representative  of  the  order. 

The  breadth  of  the  crown  of  the  largest  incisor  in  Titanosuehus 
ferox  is  six  times  that  of  the  largest  indsor  of  Lycosaurus  curvimola\ 
If  the  crown  of  that  tooth  was  laniariform  in  Titanosuehus  as  in 
Lycosaurus,  its  length  may  have  exceeded  3  inches.  The  breadth  of 
the  base,  or  of  the  root  near  the  base,  of  the  upper  canine  in  Titano- 
suehus is  three  times  that  of  the  corresponding  tooth  in  LyeosauruSt 
and  the  length  of  the  crown  would  be  not  less  than  4  inches. 

This  tooth  in  Titanosuehus  was  less  compressed  than  in  Cynodracof, 
was  of  a  stronger  build,  fitted  for  overcoming  greater  resistance. 
We  have,  in  feict,  in  Titanosuehus  a  carnivore  of  a  more  camassial 
type  than  the  Maehairodus  or  other  Felines ;  for  there  is  not  even 
on  exceptional  tubercular  or  grinding-tooth  of  any  size ;  and  I  fed 
entitled  to  hazard  this  negative  proposition  on  the  grounds  on  which 
the  fossil  is  referred  to  its  order.  It  most  probably  found  its  prey 
in  the  huge  contemporary  Pareiosaurs,  Oudenodonts,  and  Tapino- 
Cdpha^iins  of  its  South-African  locality. 

*  Caltalogue,  ut  suprdi  p.  71,  pL  Ixviii. 

t  Quart.  Jouni.  QeoL  Soo.  toI.  xxzii.  pL  xi.  figs.  2,  3. 
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EXPLANATION  OF  PLATE  XL 

m 

TUano9uchu$  ferox. 

Fig.  \.  Inner  side  yiew  of  a  portion  of  the  left  maxillary. 

2.  Horizontal  or  transTerse  section  of  the  alveolar  border  and  implanted 

roots  of  the  molar  teeth  of  the  same  maxillary. 

3.  TransTerse  section  of  the  root  of  the  first  upper  incisor. 

4.  Longitudinal  section  of  the  root  of  the  same  tooth. 

5.  Longitudinal  section  of  the  root  of  the  eleventh  molar  of  the  left 

maxUlarj. 

6.  Sjmph jsial  end  of  left  mandibular  ramus,  with  the  alveolar  border  in 

horizontal  section. 

7.  Horizontal  section  of  the  alveolar  border  and  roots  of  the  molars  of 

the  same  mandibular  ramus. 

8.  Tertioal  or  longitudinal  section  of  the  implanted  root  of  the  canine  of 

the  same  ramus. 

9.  Longitudinal  section  of  the  root  of  the  third  molar  of  the  same 

ramus. 

(All  the  figures  are  of  the  natural  size.) 

Discussion. 

The  Pbbbident  congratulated  the  Society  on  receiving  such  a 
number  of  yaluable  papers  from  Prof.  Owen. 

Prof.  Sbsust  spoke  of  the  great  clearness  of  description  by  which, 
eren  in  the  absence  of  the  specimens,  Prof.  Owen  had  been  able  to 
bring  the  matter  before  the  Society.  He  remarked,  howerer,  on  the 
difiicnlty  of  arriving  at  reliable  conclusions  from  specimens  in  which 
not  a  single  crown  of  a  tooth  was  preserved.  He  pointed  out  that 
the  fang  of  the  teeth  of  Ichthyosaurus^  PlesiosauruSy  and  other  forms 
of  extinct  Beptilia  was  often  found  to  be  closed,  and  with  no  trace 
of  a  Buccessional  tooth.  He  thought  that  this  absence  of  a  succes- 
sional  tooth  was  not  sufficient  to  warrant  the  establishment  of  a  new 
order  of  reptiles  to  receive  this  species,  and  that  the  characters  of 
the  specimen  were  so  far  Crocodilian  that,  if  it  had  been  found  in 
England,  it  would  have  been  included  in  the  Crocodilia. 

Mr.  Hulks  supported  Prof.  Seeley  in  his  objections,  and  in  con- 
firmation of  these  stated  that  in  Iguanodon  and  BypsUopTiodon  the 
tooth-fang  was  often  found  closed,  and  without  any  trace  of  a  suc- 
cessional  tooth.     The  scune  was  true  occasionally  of  Ooniopholis, 

Prof.  Owen  always  felt  pleasure  in  submitting  the  results  of  his 
studies  to  the  Geological  Society,  because  that  was  to  submit  them 
to  the  competent  criticism  of  his  fellow  workers  in  the  same  field. 
He  expressed  doubt  (until  actual  specimens  were  shown  him)  that 
any  Ghnicpholis  teeth  had  been  found  without  traces  of  successional 
te^h  below  them.  He  defended  his  foundation  of  the  group  of 
Theriodonts  from  the  mode  of  the  implantation  of  the  teeth  in  their 
jaws.  He  stated  that  the  materials  on  which  this  paper  was 
founded  are  a  portion  of  the  valuable  series  of  specimens  (900  in 
number)  obtained  by  Mr.  T.  Bain,  the  son  of  the  well-known 
explorer,  who  had  received  a  grant  of  ^200  from  the  Treasury  to 
aid  him  in  searching  for  and  transporting  these  South-African  fossils. 
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15.  On  ths  XJppxB  Fabt  of  the  Cambrian  (Sedgunck)  and  Basb  of 
the  SiLiTBiAK  in  Nobih  Wales.  By  Mr.  Thomas  Eudbt.  (Read 
June  19, 1878.) 

[Commonioated  by  Prof.  T.  M«K.  Hughbs.] 

Ik  tbe  following  paper  it  is  proposed  to  describe  in  detail  some 
sections  in  the  neighbourhood  of  Corwen  and  Bala,  pointing  out  the 
fossUs  which  in  that  district  characterize  the  different  zones  of  the 
upper  part  of  the  Cambrian  and  the  lower  part  of  tbe  Silurian. 

The  sections  are  not  drawn  to  scale,  being  merely  diagrammatio 
to  show  the  sequence  in  each  locality. 

Sboiiok  I.  (fig.  1). — On  the  southern  shore  of  Bala  Lake,  the  rocks 
jutting  out  of  the  side  of  the  hill  consist  of  rubbly  shale  with  a  general 
dip  to  the  south  or  south-east.  Near  the  brow  of  the  hill  we  find 
what  is  called  an  ash-bed  of  no  great  thickness,  but  well  known  in 
the  neighbourhood,  as  it  is  quarried  for  building-purposes.  In  the 
shales  immediately  above  tlus  ash-bed,  near  Bala,  we  haye  the  true 
zone  of  Orthis  altemata  (Section  I.,  bed  3).  When  searching  for 
this  zone  on  the  north  of  Bala  at  Pronderw,  I  was  informed  by  the 
fiEumer  that  he  had  remoyed  an  outcrop  of  rock  which  interfered 
with  his  ploughing.  The  stones  he  used  for  building  a  wall,  and 
on  examination  I  found  the  face  of  the  wall  covered  with  OrtJus 
aliemata.  Associated  with  it  were  Orthis  eUgantula,  a  few- 
specimens  of  Orthis  flaheUulutn  and  0.  vespertUio,  Beyrichia  com-' 
plioata  and  HUmus  Davisii ;  this  last  species  and  a  few  others  we 
find  in  every  zone. 

The  Orthis-altemata  zone  rises  again  in  the  Berwyns.  Near 
Milltir  Gerrig,  on  the  Llangynog  road,  the  upper  felspathio  ash-bed 
crosses  the  road.  Above  this  we  find  rubbly  shales,  then  a  brecciated 
ash-bed  twenty  feet  in  thickness,  and  above  it  shales  in  which 
Orthis  altemata  is  again  abundant.  Associated  with  it  I  got  Orthis 
degantula,  Leptcma  sericea^  Beyrichia  cotnplicata,  Nehulipora  lens, 
Favosites  Jibrosus^  Modiolopsis  modiolaris,  and  Cythere  umbonata  ? 

Above  the  limestone  (No.  6)  there  is  a  great  thickness  of  shale 
(No.  7)  varying  much  in  character,  in  which  we  find  but  few  traces 
of  fosols  until  we  get  near  to  the  place  marked  Bwlch  Hannerob, 
where,  about  3000  feet  above  the  Bala  limestone  (see  Mem.  6eol. 
8urv.vol.iii.p.  86),  we  find  a  bed  of  grit  or  sandstone,  from  15  to  20  feet 
in  thickness,  with  occasionally  small  calcareous  concretions.  In  the 
grits  and  in  the  hard  blue  shales  (Nos.  8,  9,  10,  11)  there  are  plenty 
of  fossils,  but  these  are  confined  to  a  few  species.  In  a  little  quarry 
recently  opened  I  found  those  in  the  list  appended  to  fig.  1,  which  proves 
this  series  to  be  the  equivalent  of  the  Himant  Limestone.  Above  the 
hard  blue  shales  and  grit  we  find  fine  soft  blue  slates,  which  im- 
mediately underlie  the  Tarannon  shale  (No.  13) ;  but  I  found 
no  fossils  here  until  I  had  got  to  the  base  of  the  Wenlock  series 
(No.  14X  where  there  are  plenty  of  Graptolites.  In  a  quarry  very 
recently  opened  for  building-purposes,  on  the  Pal^  estate,  near  the 
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river  Dee,  I  found  Orapiolithus  priodon  in  abundance,  a  small 
variety  or  species  with  a  broad  shaft  and  straight  cells,  Eetiolites 
Oeinitzianus,  Orthoceras  prinuevum^  Orthoceraa  sp.,  a  few  univalves 
and  bivalves  of  small  size,  Encrinites,  &c. 

This  bed,  which  is  of  considerable  thickness,  rises  again  about  two 
miles  up  the  Berwyn  road,  where  it  is  found  resting  on  the  Tarannon 
shales  and  containing  the  same  fossils.  It  varies  much  in  character, 
for  on  the  Berwyn  road  it  consists  of  fine  slates,  whereas  these  are 
represented  by  hard  blue  shales  near  the  river  Dee. 

Although  I  have  examined  the  debris  at  various  openings  in  the 
interbedded  grits  and  shales  above  the  Graptolite  zone,  I  have  only- 
found  Encrinite  stems  and  a  few  fragments  of  small  bivalves. 

Section  II.  (^g.  2). — Returning  to  the  south  side  of  the  lake  we 
first  find  a  thin  bed  of  calcareous  ash  (No.  9),  and  associated  with  it 
layers  over  six  inches  in  thickness  fiiHoiLeptafnasericea,  Scattered 
throughout  are  fine  specimens  of  StrapTiomena  expansa^  of  which, 
this  seems  to  be  the  true  zone.  Up  to  the  next  ash-bed  (No.  7)  the 
same  fossils  are  sparsely  distributed.  Among  them  we  find  Lingula 
ovata^  but  not  commonly,  and  a  small  species  of  Ctenodonta  agreeing 
with  that  figured  as  Ct,  ohliqua  in  Murchison's  '  Siluria'  (fifth  edition, 
p.  196). 

The  ash-bed  No.  7  is  fossiliferous,  but  of  no  particular  interest. 
No.  6  is  a  very  well-marked  zone.  It  consists  of  sandy  limestone 
twelve  feet  in  thickness,  eflbrvescing  with  acid.  This  is  the  true 
zone  of  OriMs  vespertilio  and  0.  spiriferoides^  both  being  equally 
abundant  here  and  seldom  found  in  higher  beds.  Here  we  also  find 
Orihis  biforata,  Cyclonema,  and  well-preserved  specimens  of  NebvXi- 
pora  lens. 

This  bed  is  very  persistent  in  character,  for  we  find  it  again  at 
Gamedd  occupying  the  same  position,  and  it  rises  again  in  the 
Berwyns,  where  it  is  well  described  by  D.  C.  Davies  in  a  paper  on 
the  Berwyn  Phosphate  Mine  (Quart.  Joum.  Geol.  Soc.  1875,  vol. 
xxxi.  p.  357). 

In  the  sandy  shales.  No.  5,  we  find  plenty  of  broken  specimens  of 
Trilobites,  such  as  Calymene,  Homalonotus,  Cyhele,  Pliacops,  and 
Asapkus  Powisii,  the  latter  being  common.  The  beds  2  and  4  are 
identical  in  character,  being  composed  of  coarse  sand  ;  here  we  find 
beautiful  large  specimens  of  Orthis  calUyramma;  Strophomena 
depressa  and  a  few  of  its  variety  undata ;  Lingula  ovata  Sequent ; 

pyrus  and  a  small  Dwano-like  shell. 
lUine  limestone,  where  the  sand  is  much 
d  numerous  large  specimens  of  Orihis 
*ia  Sowerbyi,  and  layers  of  Stenopora 
ot  in  thicbiess.  The  bed  of  limestone 
3t  in  thickness,  and  is  of  a  hard  intract- 
ales  (No.  1)  immediately  above  the  bed 
tiddenly  cease  or  become  very  small  in 
terest  I  found  was  a  short  piece  of  an 
bead-like  siphuncle,  agreeing  with  the 
in  the  Cambridge  Catalogue,  p.  71 .  We 
f  Cephalopoda  and  XJnivdves ;  but  if  we 
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cross  oyer  to  the  Bala  limestone  at  Ehiwlas,  we  shall  find  them 
abundant  and  of  several  species. 

Section  III.  (fig.  3). — Grossing  oyer  the  river  to  a  spot  a  little  north 
of  the  Bala  road,  in  Bodweni  Wood,  we  find  a  bed  which  I  would 
refer  to  the  Hirnant  group.  It  consists  of  15  feet  of  grit,  in  which 
I  found  Ortkis  hiforata  abundantly.  As  far  as  my  experience  goes, 
this  fossil  is  much  more  plentiful  in  the  Hirnant  than  the  under- 
lying beds.  Associated  with  it  were  a  few  poor  specimens  of  Orthts 
himantensiSf  0.  sagittifera^  Area  edmondiiformis,  and  a  species 
which  is  either  Modiolopsis  ohscura  or  M,  orbictdaris.  In  the  wood 
opposite,  about  a  quarter  of  a  mile  south  of  the  river,  we  get  on 
to  the  grits  again  and  find  plenty  of  fossils,  consisting  of  Orthts 
himanUnsis,  0.  sagiUifera^  0.  hiforata^  and  0.  eleganivda^  with  an 
occasional  Honudonotus, 

The  grits  are  much  disturbed  by  faults  and  end  abruptly  every 
few  yards ;  but  they  can  be  traced  to  Bwlch  Hannerob,  which  I 
have  already  described  (Section  I.  Nos.  8-10).  These  grits  are  the 
same  as  those  coloured  Lower  Llandovery  on  the  Gbol.  Survey  map ; 
but  this  patch  is  not  alluded  to  in  the  Mem.  Geol.  Surv.  vol.  iu. 
Following  the  line  of  the  grits  we  lose  them  under  the  peat ;  but 
they  again  appear  on  the  brow  of  the  hill  at  the  back  of  Aber- 
himant,  a  litde  above  the  road  leading  up  to  Maeshir.  This  is  the 
patch  alluded  to  in  the  Mem.  Geol.  Surv.  vol.  iii.  p.  85.  We  find 
here  the  undoubted  Hirnant  Limestone  in  the  form  of  a  few  con- 
cretionary lumps  associated  with  the  usual  grits,  and  both  yielding 
fossils  plentifully.  The  commoner  fossils  found  by  me  hero  are 
Orthts  himantensis^  0,  sagitdfera^  0.  hiforata^  0,  eUganhda,  Area 
edmondiiformis,  and  Modiolopsis  pyrus, 

I  have  no  doubt  that  the  Orthis  turgtda  said  to  occur  in  the 
Hirnant  limestone  was  only  a  turgid  specimen  of  0.  sagittifera^  of 
which  I  find  plenty  of  distorted  and  turgid  forms.  I  found  here  a 
small  univalve  resembling  Holopea  exserta  of  the  Bhiwlas  limestone. 

In  addition  to  the  usual  list  of  Hirnant  fossils  given  in  Mem. 
Geol.  Surv.  voL  iii.  p.  86,  I  have  obtained  one  species  of  Lingxda^ 
two  of  ModhlopsiSj  or  else  allied  to  them,  two  species  of  corals  and 
one  Trilobite  ;  also  a  univalve  like  Holopea, 

A  little  lower,  at  the  back  of  Aberhimant,  there  is  another  patch  of 
grits  and  limestones  with  the  usual  Hirnant  fossils.  Here  it  ends ; 
but  I  have  found  it  again  at  Craig-Moel-Ddinas,  about  a  mile  further 
west,  in  the  Hirnant  valley,  where  I  obtained  Orthis  sagittifera^ 
0,  himantensis^  and  0.  elegantula  iu  a  gritty  pisolitic  mass  of  rock. 
Half  a  mile  further,  at  Moel  Ddinas,  where  excavations  were  recently 
made  in  search  of  slates,  in  the  same  line  of  strike  I  got  out  of  hard 
blue  shales  fine  specimens  of  Orthis  sagitHfera  of  large  size,  and  a 
few  specimens  of  0,  himantensis. 
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Fig.  S.—SeeUm  in  Bodweni  Wood,  North  ofihe  Dee. 


1  80 


1.  Soft  blue  alaty  iba]M  which  wsomMj  underlie  the  Taniinon  ihale. 

2.  Hud  eompsct  grit,  ""^  *-^     **-   t»__j  _^    .-  ,  ,       _.. 
*•'      Thef      - 


thick.    Thefonilsl.. 

(aeutjel  PaUarca  {Modiolopm)  »p.,  either  oAaeiira  or  orbicularis,  Area 
•imanda/crmis,  FavosiUs  (Stmopora)  fibroaus,  an  Encrinite. 
3.  Shale.  (=bed  no.  7  of  Sect.  L). 

Sacnoir  IV.  (fig.  4). — ^The  Hirnant  beds  again  appear  in  a  small 
qnany  on  the  side  of  the  hill  west  of  Cwm-yr-Aethnen,  where  there 
is  a  foeailiferons  pisolifcic  dark-coloured  limestone,  No.  3.  Under  the 
limestone  there  is  20  feet  of  highly  fossiliferous  shales,  in  which  I 
got  two  small  specimens  of  Nebulipora  leng  in  addition  to  the  usual 
Hirnant  species.  Above  the  limestone  is  a  band  of  rubbly  shales 
with  concretionary  limestones,  No.  4,  and  above  that  a  band  of  soft 
decompoaing  grit,  No.  6,  with  shales  above  it,  all  of  them  being 
fbssiHferons. 

A  little  further  west,  on  the  brow  of  the  hill,  another  patch  appears 
containing  the  usual  fossils,  and  here  it  is  altogether  lost  (see  Mem. 
GeoL  Surv.  vol.  iii.). 

Pig.  4, — Section  near  Cumryr-Aethnen. 


1  2  s    4  6        6  7 

1.  Shalee  (=no.  7  of  Sect  I.). 

2.  Highly  foniliferoiiB  ahales,  full  of  Hirnant  species,  20  feet.     Ortkia  kvman-' 

tenM$t  O,  aoffittifera,  O,  hiforaia,  O,  etegantula,  NebuUpcra  lens,  Favodtea 
(  8ten<mora)  fibrotua,  Encrinites. 
Sw  Band  of  pisolitic  limestone,  2  feet  (fossils). 

4.  Shale  and  concretionary  limestone,  3  feet  (fossils). 

5.  Band  of  soft  decomposing  grit,  2  feet  (fossils). 
tt.  Fooailiiierous  shales  passing  up  into  slatj  shales. 

7.  Soft  hloe  slaty  shale  onderljring  the  Tarannon  shale. 

Sectioh  V.  (fig.  5). — Believing  that  the  Hirnant  and  Lower  Llando- 
very Grits  would  turn  out  to  be  identical,  I  went  across  to  Cef  n-bwlan, 
at  the  head  of  the  Llanwddyn  valley,  where  the  Lower  Llandovery 
Grits  are  said  first  to  appear  (see  Mem.  Geol.  Surv.  vol.  iii.  p.  206). 
Here  I  found  the  usual  Tarannon  shales  (No.  3)  cropping  out  of  the 
bed  of  the  brook ;  under  that  a  bed  of  fine  blue  shales  (No.  2) ;  and 
under  these,  cropping  out  of  the  peat,  we  have  hard  compact  grits 
with  interbedded  shales  (No.  1).  It  is  but  a  small  patch  rising  out 
of  the  peat.    These  Lower  Llandovery  Grits  occupy  the  same  strati- 
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graphical  position  and  have  the  same  lithological  character  as  the 
Himant  heds ;  but  I  am  as  yet  unable  from  fossil  evidence  to  con- 
nect these  two  beds  of  grit.  I  think,  however,  that  I  have  proved  that 
the  Himant  grits  and  limestones  are  not  confined  to  the  Himant 
valley,  but  can  bo  traced  to  the  north  of  the  river  Dee. 

Fig.  5. — Section  at  Cefn-bwlan, 


1.  Lower  Llandovery  Grits  and  shales  (?= Himant  Ghrits). 

2.  Soft  blue  slaty  shales,  50  feet,  like  those  above  the  Himant  Grits ;  bat  the 

Himant  Gnts,  near  the  river  Dee,  are  300  feet  thick,  and  in  Himant  valley 
not  less  than  250  feet. 

3.  Tarannon  shale,  about  150  feet 

This  Section  is  taken  at  the  south  side  of  the  fault  of  Oefh>bwlan,  near 
the  head  of  the  Lbnwddyn  valley  in  Montgomeryshire. 

Section  VI.  (fig.  6). — Starting  from  the  Railway  Station  at  Cynwyd, 
a  little  village  west  of  Corwen,  we  ascend  the  mountain  road  by  the 
side  of  Afon  Trystion,  passing  the  picturesque  gorge  and  faUs  of 
Cynwyd,  until  we  arrive  at  a  small  square  plantation  on  the  road- 
side about  two  miles  from  the  village.  Here  we  are  sure  to  find 
plenty  of  Trilobites,  chiefly  Calymene  senaria,  beautifully  preserved 
in  a  dark  and  light  grey  shale  with  a  few  small  calcareous  concre- 
tions (No.  11).  Associated  with  the  Trilobites  are  numbers  of 
bivalves,  chiefly  of  small  size,  a  few  specimens  of  Conularia^  an 
occasional  Rhaphistoma  and  Ctenodonta^  with  plenty  of  the  narrow 
branching  forms  of  Favosites  (Stenopora)  Jibrosus, 

It  was  here  I  found  a  single  shell  of  a  small  but  beautifully 
sculptured  Strophomena,  probably  either  St,  antiquata  or  corrugatella. 
This  is  undoubtedly  the  equivalent  of  the  Bala  Limestone. 

Proceeding  to  the  upper  road  which  leads  towards  Moel  Fema,  we 
pass  over  upwards  of  200  feet  of  shale  (No.  10)  containing  few 
traces  of  fossils,  until  we  get  to  Bwloh-y-Gaseg.  At  the  foot  of 
the  hill  we  find  a  thin  bed  of  shale  (No.  9)  containing  Remopleurides 
Colbii,  Calymene  senaria,  Trinudeus  seticornis,  and  T.  concentricus 
in  great  perfection;  also  OrtJioceras  vagans,  which  is  chiefly  con- 
fined to  the  limestone  at  Bhiwlas  and  the  circular  outlier  above 
liangower,  south  of  Bala  Lake.  In  this  bed  I  found  several 
specimens  of  Conularia  of  various  species.  The  next  zone  (No.  8)  is 
easHy  known  by  the  abundance  of  corals  which  it  contains,  many  of 
the  species  appearing  for  the  first  time  in  the  Bala  beds.  Associated 
with  the  corals  are  many  other  rare  and  beautiful  fossils  (see  list 
appended  to  figure).  Zone  No.  7  is  of  a  more  sandy  and  massive 
character ;  here  the  corals  are  scarcer  and  smaller,  but  an  abundance 
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of  Ptilodietya  explanata  takes  their  place.  In  this  bed  Orihisina 
first  occurs.  Here  we  find  also  Orihis  erispa,  0.  JlaheUulumj  and 
Straphomena  grandis  plentifully ;  Trilobites,  ModiohpsiSj  a  species 
resembling  an  Ambonychia^  BeUeropkon  TesevMing  perturlxUus,  and 
a  few  well-preserved  specimens  of  Orthis  spiriferovdes  (not  usually 
found  so  high  in  the  Bala  beds).  In  this  zone  also  are  severed 
species  of  Petraia,  and  a  few  other  undetermined  fossils. 

The  zone  No.  6  can  hardly  be  separated  from  that  below  it.  In 
it  we  find  Orthisina  and  Petraia ;  but  in  it  also  we  suddenly  come 
upon  great  abundance  of  LeptamcB^  especially  L,  transversalis^  which 
is  common  in  No.  8.  No.  5  consists  of  hard  compact  grits  from 
15  to  20  feet  in  thickness,  of  the  same  lithological  character  as  the 
Himant  grit,  and  occupying  the  same  stratigraphical  position ;  but 
as  I  have  only  foxmd  one  or  two  small  and  badly  preserved  shdJs  in 
it  (except  near  the  base,  where  the  line  between  it  and  the  under- 
lying beds  was  not  clear),  I  can  give  no  fossil  evidence ;  but  the 
sections  seem  to  prove  that  they  are  the  equivalent  of  the  Himant 
grits. 
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16.  DBBCBiFnoK  and  Cobbblatiow  of  the  Bottbnemouth  Beds. — 
Part  L  Upfeb  Mabinb  Sebtes.  By  J.  Biabkie  Oabdi^eb, 
Esq.,  F.G.S.    (Bead  February  20, 1878.) 

DsBCBiFnoKB  of  the  coast-section  between  Highcliff  and  Bourne- 
moul^  with  which  the  present  paper  deals,  have  already  appeared 
in  the  publications  of  the  Society.  That  by  Sir  Charles  Lydl*,  in 
1826,  was  written  when  the  strata  included  in  this  section  were 
still  supposed  to  belong  to  the  Plastic  Clay  underlying  the  London 
Clay.  In  it  the  different  beds  forming  Chnstchurch  Head  are  care- 
folly  distinguished,  and  their  superposition  illustrated  in  a  somewhat 
idealized  section.  The  description  of  the  eight  miles  of  cliff  from  a 
mile  beyond  White  Pits  to  Poole  Harbour  is,  however,  dismissed  in 
a  very  few  words : — ^The  "  section  presented  by  the  cliffs  is  continued 
80  precisely  in  the  line  of  bearing  of  the  strata,  that  no  new  beds 

rise  up,  and  it  is  unnecessary  to  describe  them  in  detail The 

prevailing  character  of  the  strata  throughout  this  extent  of  coast  is 
fine  white  sand ;  but  yellowish  and  pinkish  beds  of  sand  occur,  and 
thinly  laminated  clays  in  great  abundance,  resembling  in  appearance 
many  of  the  light-coloured  argillaceous  marls  of  Montmartre  near 
Paris ;  but  in  none  could  I  discover  any  organic  remains,  except 
vegetable  impressions,  and  these  very  indistinct."  The  proofs  of 
origin,  whether  marine  or  freshwater,  are  considered  equivocal.  The 
total  thickness  of  the  series,  nowhere  exposed  to  view,  is  put  down  at 
^  not  less  than  150  feet."  It  is  also  suggested  that  the  argillaceous 
strata  with  shells  of  Alum  Bay  '<  are  probably  concealed  here  at 
some  of  the  interruptions  of  the  section." 

The  next  description  of  these  cliffs  is  by  Professor  Prestwicht  in 
1848,  written  principally  with  the  view  of  determining  *'  the  exact 
position  which  they  bear  with  reference  to  the  Barton  Clay  "  (I.  c. 
p.  43).  He  begins,  however,  with  the  assumption  that  Barton  Clay 
is  found  to  the  west  of  Christchurch  Harbour,  and  thence  is  led  to 
place  the  strata  of  Christchurch  Head  higher  in  the  section  than  I 
am  inclined  to  do.  He  compares  a  section  of  the  Head  with  that  of 
ihe  Barton  Cliff  near  its  western  termination,  and  concludes  that  the 
beds  with  septaria  common  to  both  are  upon  the  same  horizon.  A 
mile  and  a  half  to  the  west  of  the  Head  a  small  lens-shaped  section  is 
considered  to  be  "  a  slight  throwing  in  of  an  overlyiog  stratum,"  and 
evidently  presenting  "  in  a  small  depression  the  base  of  the  Barton 
days  "  (p.  47).  The  Eocene  pebble-beds  taken  for  diluvium  by  Lyell 
are  carefully  separated  from  the  overlying  angular  gravel  by  Prest- 
wioh ;  but  it  seems  that  bethought  them  to  be  more  continuous  than 
tiiey  now  appear  to  me. 
la  1861,  ^e  Bev.  Osmond  Fisher  wrote  t  defining  the  horizons  into 

•  Trans.  Geol.  Soc.  ser.  2,  vol.  ii.  p.  279. 

t  Quart.  Joum.  QeoL  Soc  toL  v.  p.  43.  J  Ibid,  vol.  xviii.  p.  65. 
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which  the  Braddesham  beds  can  be  divided.  His  description  of 
Highdiff  stopped  short  £.  of  Christchnrch  Harbour ;  bat  it  is  of  value 
in  connexion  with  the  present  subject,  since  he  shows  that  a  pebble- 
bed  at  the  top  of  the  white  sand  at  Highcliff  is  the  equivalent  of  one 
of  the  higher  beds  of  the  Bracklesham  series.  Assuming  the  correct- 
ness of  this  determination,  we  have  a  defined  horizon  to  start  from ; 
and  as  it  can  be  shown  that  the  sequence  across  the  valley  is  unin- 
terrupted and  the  dip  r^:ular,  it  seems  to  me  that  the  position  of  the 
rest  of  the  beds  can  be  fixed  with  great  accuracy. 

The  views  I  venture  to  put  forward  diverge  from  those  of  Prof. 
Prestwich.  Although  beds  on  the  headland  and  on  the  coast  almost 
immediately  to  the  east  of  it  both  contain  septaria,  1  believe  them 
to  be  on  different  horizons,  the  former  belonging  to  a  separate 
series  unrepresented  elsewhere  on  the  coast  except  at  Alum  Bay. 
Again,  the  slight  throw-in  of  Barton  Clay  west  of  the  promontory  is, 
for  me,  only  the  most  easterly  of  numerous  and  identically  similar 
patches  of  the  Bournemouth  beds. 

My  views  also  differ  slightly  from  those  of  Mr.  Fisher.      I  think 
that  the  lower  123  feet  of  strata  included  by  him  in  the  Brackles- 
ham series  at  Whitecliff  may  probably  represent  in  time  the  Lower 
Bagshot  beds.     The  Bracklesham  beds  are  supposed  by  him  to  thin 
to  only  43  feet  at  Alum  Bay,  and  35  feet  at  Highdifif.     Even  if,  as 
he  says,  the  35  feet  of  sandy  clay  and  the  pebble-bed  at  Highdiff 
represent  the  whole  uppermost  strata  of  the  series  130  feet  thick  at 
"Whitecliff  Bay,  and  we  deduct  the  123  feet  placed  in  the  Lower 
Bagshot,  there  are  still  some  400  feet  unaccounted  for.    These  400  feet 
are,  I  think,  not  only  well  represented  at  Christchnrch  Head,  where 
the  strata  are  mapped  as  Bracklesham  by  the  Survey,  but  also  by 
the  marine  beds  thence  to  and  even  beyond  Boscombe,  and  at  Alum 
Bay  as  welL     I  also  find  myself  at  variance  with  the  Geological 
Survey,  since  I  believe  that  the  so-called  Upper  Bagshot  beds  of  the 
London  basin  do  not  belong  to  that  series,  but  are  the  equivalents 
of  beds  which  I  shall  refer  to  as  the  Boscombe  Sands.      These 
Boscombe  Sands  and  the  marine  Bournemouth  beds  are,  I  believe, 
the  western  equivalents  or  extreme  shore-conditions  of  the  Brackles- 
ham sea. 

My  especial  object  in  bringing  this  paper  before  the  Society  is,  how- 
ever, to  prove  that  the  Bournemouth  leaf-beds  immediately  underh'o 

Fig.  1. — Restored  Section  between  Higlicliffand  Hengisthury  Head, 

Heninsi-  ^fe 

barjrHMd.  Cliff  end.  cM. 


1.  Hengi«tbury-Head  beds  of  the  Middle  Bracklesham. 

2.  White  Sands  at  the  base  of  Highdiff  and  capping  Hengistbury  Head. 

3.  Barton  and  Upper  Bracklesham  beds. 
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the  Bracklesbam  series  and  are,  unlike  those  of  Alum  Bay,  of  MiddU 
and  not  Lower  Bagshot  age,  as  had,  I  believe,  been  hitherto  supposed. 
I  have  also  ascertained  that  a  great  portion  of  the  cliflfs  between  the 
Head  and  Bournemouth  are  of  marine  origin  and  highly  fossiliferous, 
and  these  I  describe  in  detail.  These  marine  beds  are  of  two  di- 
stinct characters ;  and  both  of  them  I  have  traced  across  to  Alum 
Bay,  where  they  are  well  represented. 

The  strata  forming  the  promontory  are  higher  in  the  series  than 
those  on  the  west,  but  below  the  Highcliff  beds;  and  they  can 
also,  as  divided  by  Lyell,  be  separately  traced  across  to  Alum  Bay. 
No  detailed  correlation  has,  I  believe,  been  previously  attempted. 

Highcliff  Sands — At  Highcliff  (fig.l),  nearly  under  Rothsay  Castle, 
the  section  is  substantially  as  given  by  Mr.  Fisher* : — 

ft.  in. 
''CJoarse,  green,  sandy  clay,  with  grains  of  quartz.     "  The 

tool  gives  a  bright  green  streak."  8 

Indurated  marly  clay  with  **  tabular  soft  septaria." 7 

Dark  green,  coarse,  sandy  clay,  "  giving  a  bright  green 

^     streak  with  the  tool." 9    0 

^"Pebble-bed  towards  the  W.,  changing  E.  into  soft,  dark, 
sandy  day,  with  scattered  pebbles  and  impressions  of 

foseils" 1    6 

Sands,  clayey  at  bottom.    Very  variable  W.     "  There  is 
a  band  of  ironstone-septaria  in  these  sands  which  is  not 

persistent"   33    0 

Band  of  flint  pebbles  6 

^  White  sand;  the  bottom  not  seen 6    0 

Fifty  yards  from  the  western  termination  of  the  cliffs,  where  they 
are  still  50  feet  high,  the  section  has  no  septaria-layers ;  but  at  the 
base  of  the  cliff  we  have  coming  in 

ft.  in. 

Loose  whitesand 10  0 

Hard,  dark  clayey  sandstone  with  scattered  pebbles  at 

base   1  0 

Hard  yellow  mottled  sand  shading  to  white    6  0 

These  sands  dip  conformably  with  the  Barton  and  HordweU  series 
1J°  to  2**  E.  The  curious  turn  the  water  flowing  from  Christ- 
church  Harbour  has  taken  within  the  last  few  years,  known  as  the 
Bun,  has  fortunately  revealed  the  section  to  the  very  sea-level ;  and 
it  is  now  seen  that  these  sands  rest  upon  another  and  lower  series 
of  dark  sandy  clay  with  ironstone  nodules.  These  and  the 
overlying  sands  can  be  almost  directly  traced  to  the  headland, 
where  they  form  the  cliffs ;  for  at  the  ferry,  about  midway  between 
them,  the  landing-place  is  on  hard  compact  clay,  upon  and  about 
which  are  lying  a  few  identically  similar  ironstone  nodules.  The 
sands  themselves,  however,  have  not  resisted  denudation  and,  like 
the  Boscombe  Sands  on  the  other  side  of  the  Head,  have  been  re- 
moved for  the  space  of  a  mile. 

*  X.  c.  p.  88.  The  woodcut,  however  (p.  87),  is  incorrect,  showing  too  great 
a  dip  and  a  sudden  curve  in  the  strata. 
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ffengtstbury  Head. — ^The  curionB  promontory  of  Hengistbury  Head 
is  mainly  composed  of  strata  which  form  the  uppermost  portion  of  a 
local  and  shore  series,  contemporaneous  with  the  Bracklesham,  which 
we  may  for  convenience  call  the  Bournemouth  beds.  It  is  a  particularly 
interesting  spot,  as  it  reveals  the  presence  of  beds  whose  existence  be- 
tween the  base  of  the  Highcliff  beds  and  the  white  sands  of  Double 
Dykes  would  probably  have  been  otherwise  unsuspected.  The  compact 
nahire  of  the  strata  forming  it  has  preserved  it  during  the  denuda- 
tion of  the  surrounding  area ;  and  the  layers  of  irony  septaria,  falling 
into  the  water,  have  made  a  reef  stretching  a  quarter  of  a  mile  sea- 
wards, and  thus  saved  it  from  being  entirely  swept  away  by  the 
sea.  The  contour  of  these  rocks,  known  as  the  Beerpan  rocks, 
is  in  almost  all  weathers  sharply  defined  by  the  smoother  water 
within  their  barrier,  and  probably  marks  the  original  extent  of  the 
headland.  The  dip  of  the  beds  would  take  them,  just  beyond  these 
rocks,  out  of  the  reach  of  the  sea.  The  general  shape  of  the  pro- 
montory is  a  parallelogram  with  its  northern  extremity  obliquely 
truncated ;  it  is  three  quarters  of  a  mile  long,  by  about  a  quarter 
broad,  the  longer  side  running  N.W.  by  8.E.  lie  cliflis  facing  the  sea 
are  about  50  feet  high  at  their  8.  point,  increasing  N.  to  100  feet.  N. 
and  E.  they  present  bold  escarpments  to  the  sea ;  8.  and  E.  they  rise 
£rom  a  plain  of  blown  sand,  which  forms  the  banks  of  the  harbour  and 
stretches  one  mile  to  Mudeford.  The  dip  and  strike  of  the  strata 
follow  the  contour  of  the  land,  and  are  about  3°  8.,  2°  8.E.,  3°  E. 

Fig.  3. — Henguibury  Head,  west  side. 


1.  Boscombe  Sands, 

2.  Lower  bed  with  green  grains,  and  Upper  bed  with  ironstone. 

3.  White  Highcliff  sand. 

The  form  of  the  Head  must  have  rendered  it  a  position  of  great 
importance  to  an  invading  or  beaten  army  in  early  times ;  and  its 
advantages  were  not  neglected,  as  the  ancient  walls  and  fosses  known 
as  Double  Dykes,  defending  it  from  the  mainland,  prove.  It  should 
be,  with  ita  barrows  and  legendar}'  name,  a  place  of  interest  to  the 
antiquary;  it  possesses  many  attractions  to  the  artist,  whilst  its 
heather,  to  judge  from  the  abundance  of  birds,  is  little  disturbed  by 
the  gun. 

The  highest  beds  met  with  in  the  headland  are  undoubtedly,  ac- 
cording to  my  thinking,  the  continuation  of  the  white  sands  at  the 
base  of  HighdifF.     They  extend  almost  all  over  it  and  at  the  highest 

aJ.G.S.  No.  138.  a 
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point,  the  watch-house,  are  25  feet  thick.  In  varioiiB  places  sections 
are  exposed,  as  at  the  N.  comer  of  the  Head,  where  under  3  feet  of 
peat  we  see  12  feet  brown  and  yellow  sand ;  yellowish  sand  with 
four  thia  layers  of  pipeday,  2  feet  5  inches  ;  white  sand  shading  to 
orange,  1  foot  3  inches ;  deep  orange-mottled  dayey  sand,  11  inches, 
resting  upon  brownish  sandy  day  with  septal.  At  the  S.E. 
comer  we  notice  6  feet  whitish  sand  shading  to  orange,  with  1  foot 
9  inches  orange  sandy  clay  at  base.  The  S.E.  extremity  presents  a 
good  section  of  the  white  sands : — 

ft.  iu. 

"White  sand  with  a  few  yellow  bands    7    0 

Hard  white  sand 1     0 

Yellowish  and  orange  clayey  sand '. 1    4 

.Hard  white  sand  (local  patch)  10 

Heng-     Dark  days  and  light  saiid  in  irr^ular  layers 1    9 

istbury-    Hard  wHte  sand  (local  patch)  3    3 

Head  '  Brownish  sandy  clay  with  ironstone 44    0 

Beds.   (.Debris  oonoeaUng  12-feet  bed  of  greensand. 

The  white  sands  are  30  feet  thick  at  Highcliff,  haying  thinned  out 
from  42  feet  at  Alum  Bay,  and  are  therefore  probably  originally  even 
less  in  thickness  here.  At  Alum  Bay  and  at  the  Head  the  junction 
or  base  bed  is  strongly  ochreous  in  colour. 

Hengistbury-Head  Bed. — The  next  stratum  does  not,  so  far  as 
the  coast-line  of  the  mainland  is  concerned,  extend  beyond  the 
Head  itself.  It  is  composed  of  brownish-<Lrab,  laminated,  sandy 
loam,  about  45  feet  thick,  with  from  3  to  5  nearly  paraJld  layers  of 
large  tabular  ironstone  *  concretions.  It  is  wdl  exposed  on  the 
S.W.  and  S.E.  sides,  and  in  an  extensive  quarry  which  nearly 
cuts  the  headland  in  two,  E.  and  "W.  These  septaria  are  con- 
spicuous objects  in  the  diffs  and  form  a  reef  running  out  to  sea. 
They  sometimes  contain  sharks'  teeth,  of  both  the  Otodus  and 
Lamna  type,  and  vertebrsQ.  Frequently,  also,  compressed  tree-stems 
of  considerable  size  traverse  them ;  one  of  these,  according  to  Sir  C. 
Lyell,  measured  4x2}  feet  with  ^  in.  of  bark  like  black  shining  coal ; 
I  have  measured  others  6  feet  in  length,  but  not  so  wide.  All  the 
wood  is  riddled  with  Teredo-horiaga  of  large  size.  Prof.  Prestwich 
records  the  occurrence  of  seeds  in  the  septaria ;  but  I  have  looked 
in  vain  for  them,  although  layers  of  washed  and  fragmentary  lig- 
nitic  matter  are  not  unfrequent.  It  is  probable  that  the  dicoty- 
ledonous leaves  in  the  list  of  fossils  from  Hengistbury  Head  on  the 
Geological  Survey  map  were  firom  this  stratum ;  since  ^though  I  have 
failed  to  discover  any  trace  of  such  here,  I  hate  found  a  tolerably 
perfect  leaf  at  St.  Catharine's  Hill  in  the  same  beds  fiirther  inland. 
The  four  bivalve  shells  in  the  same  list  are  probably,  like  the  Modiola 
found  by  Prestwich  "  in  the  lower  part  of  the  clay,"  from  the  green- 
sand  next  described,  in  which  I  some  years  ago  met  with  a  few 
casts  of  bivalves. 

Succeeding  the  45  feet  of  ironstone-bearing  sandy  clay,  and  at 
about  7  feet  6  inches  below  the  bottom  line  of  nodules,  is  a  distinct 

*  Mr.  Tylor,  Quart.  Joum.  Geol.  Soc.  vol.  yi.  p.  133,  gives  a  brief  account  of 
these  bloolu. 
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and  oompact  bed,  12  feet  thick,  of  glauoobitic  sandy  day,  with  green 
grains  and  with  occasional  lignitic  layers,  very  similar  in  appear^ce  to 
jome  of  the  Hi^diff  beds  described  by  Mr.  Fisher*.  This  bed  rises 
st  the  SwE.  comer  of  the  promontory,  and  at  its  N.W.  end  is  at  least 
30  feet  aboTe  the  beach.  It  indndes  scattered,  round,  black  flint 
pebbles  throughout,  and  has  a  continuous  layer  of  them  at  its  base. 
This  and  the  succeeding  beds  rise  at  an  angle  of  2°  or  3^.  like  the 
preceding,  it  does  not  extend  along  the  coast  beyond  the  Head  itsdf. 
At  Alum  Bay  the  position  of  the  two  beds  last  described  is  occupied 
by  similar  sandy  clays,  71  feet  thick,  becoming  more  sandy  towards 
ihe  base  and  containing  five  layers  of  lignite,  and  capped  by  a  thin 
seam  of  red  sandy  day,  answering  probably  to  the  orange-coloured 
bed  at  the  base  of  the  Highcliff  sands. 

Boteombe  Sands. — The  next  series  is  perfectly  distinct  and  may  be 
ealled  the  Boscombe  Sands.  It  represents  the  principal  mass,  148  feet 
thidc,  of  brilliant-coloured  sands  at  Alum  Bay  (numbered  25  to  26 
in  Preetwich's  section,  see  fig.  6),  containing  thin  straggling  layers  of 
flint  pebbles  with  small  rounded  fragments  of  quartz.  These  beds,  at 
Hengistbury  Head,  are  only  seen  in  the  longest  or  S.W.  range  of 
di&,  towards  the  centre  of  which  they  gradually  rise  from  the 
beach.  From  the  point  at  which  they  rise  until  a  thickness  of  7 
feet  or  8  feet  is  exposed,  they  are  whitish  or  ash-coloured  sand,  con- 
taining much  scattered  lignitic  matter,  with  layers  of  pebbles  about 
3  feet  apart.  The  layers  are,  however,  not  persistent,  and  we  find 
within  a  few  yards  a  3-feet  bed  of  sand  between  two  pebble-layers 
tMckened  to  12  feet,  and  induding  four  layers  of  pebbles  ;  nor  are 
the  pebbles  always  ccmfined  to  layers.  Under  the  white  are  pinkish, 
black,  and  deep  chocolate-coloured  sands  17  feet  thick,  again  under^ 
lain  by  7  feet  of  white  sand.  The  junction  between  the  darl^ 
oofiTee-coloured  sands  (which  become  black  after  a  few  minutes'  ex- 
poeure  to  the  air)  and  the  upper  white  sands  is  remarkable,  the 
white  sands  having  cut  through  and  imbedded  angular  pieces  of  the 
darker  sand  of  all  sizes  up  to  4  or  5  feet  diameter.  The  surface  of 
the  dark  sand  as  well  as  some  of  the  larger  detached  pieces  have  been 
bored  by  Teredo  or  Pholas  before  being  imbedded  (^g,  4,  p.  216).  The 
dark  sand  has  basin-shaped  patches  of  pinkish  ash-coloured  sand  at 
the  top,  the  pink  sand  sometimes  forming  a  layer  1  foot  6  inches  thick 
above  the  pebbles,  so  that  the  latter  do  not  always  mark  the  junc- 
tion. Nearer  the  neck  of  the  headland  the  bottom  white  beds  become 
thicker  and  more  compact,  and  contain  iron  layers  and  small  con- 
cretions. The  dark  beds  are  very  variable  and  change  cdour  within 
short  distances. 

For  half  a  mile  the  difls  are  very  low,  being  but  17  feet  high  near 
Double  Dykes,  and  composed  of  shingle,  showing  here  and  tiiere  at 
their  base  the  uneven  and  eroded  surface  of  the  Boscombe  Sands, 
which  are  now  yellowish  white.  Here  these  loose  sands  and 
pebble-beds  have  been  a  prey  to  subsequent  denudation,  which, 
however,  had  not  force  to  remove  the  induded  heavy  diingle, 
but  has  left  it  in  solid  masses  12  and  15  feet  thick,  mixed  with  the 
*  O.  Fisher,  Quart  Joam.  Qeol.  See.  vol.  xriii.  p.  86. 
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more  recent  angolar  gravel.     Both  supply  material  to  the  present 
beach. 

Fig.  4. — Mats  of  Black  Sand  imbedded  in  matrix  of  white  siUceouM 
sand  and  bored  by  Mollusea. 


A  little  over  3  miles  due  north  of  the  Head  there  is  another  hill  or, 
rather,  range  of  hills  of  similar  contour  to  that  of  Hengistbuiy  Head. 
This,  St.  Catharine's  Hill,  160  feet  high,  possesses,  Hke  the  head- 
land, a  flat  top  and  abrupt  escarpments  on  all  sides,  and  was  also 
chosen  as  a  strong  place  in  ancient  British  times,  as  the  remains  of  a 
camp,  fort,  four  watch-towers,  and  numerous  tumuli  sufficiently  prove. 

From  the  singular  resemblance  which  the  hill  bears  in  outline  to 
Hengistbury  Head,  and  from  its  relative  position,  it  seems  certain 
that  it  must  be  composed  of  a  second  mass  of  identical  strata. 
Although  it  is  completely  overgrown,  except  where  a  brick-pit  has 
dug  slightly  into  it  at  its  northern  end,  the  evidence  there  is  alone 
almost  conclusive.    The  following  section  is  exposed : — 

ft.  in. 
HighcliffSand?    Oran^  sand  and  clay 3    0 


Hengiflt- 
bary 
Beds. 


ABh-ooloorea  day   3  0 

Drab  clay  with  iron  oonoretioni  exactly  as  at  Hengist- 
bury Head    .., , 6  0 

Dark  and  very  lignitio  sand  2  6 

White  and  yellow  sand  with  layers  of  light  day  aknost 

white  at  base  3  0 


Notwithstanding  that  the  Hengistbury-Head  beds  have  thus 
perhaps  thinned  out,  there  can  be  but  little  doubt  of  their  identity. 
The  valley  of  the  Avon  on  the  east  is  probably  scooped  out  of  the 
yielding  Highdiff  Sands  ;  and  that  of  ^e  Stour  to  the  W.  has  been 
worn  through  the  Boscombe  Sands.  The  beds  seen  in  the  pits  are 
again  very  variable,  there  being  a  lenticular  patch  of  whiti^  sand 
with  iron  stains,  10  feet  thick,  on  the  east  side  of  the  pit.     The  dip 
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is  aE.  and  £.  about  T  and  N.N.E.  6°.  The  laminated  drab  day 
evidently  contains  well-preserved  dicotyledons,  but  the  other  beds 
appear  unfoesiliferous.  A  pit  higher  in  the  hill-side  confirms  the 
sapposition  that  the  oTerlying  beds  are  sand. 

We  have  thus  at  Hengistbuiy  Head  (fig.  3),  in  the  first  place,  the 
Highdiff  Sands ;  white  sand  with  a  maximum  thickness,  under  the 
watch-house,  of  25  feet;  next,  the  Kengistbury-Head  beds,  com- 
posed of  45  feet,  or  perhaps  a  little  more,  of  clay  with  ironstone 
concretions,  and  12  feet  of  clay  with  green  grains  ;  lastly,  30  or  40 
feet  of  Boecombe  Sands^  whose  base  is  not  exposed.  At  Alum  Bay^ 
the  first  is  represented  by  42  feet  of  yellow  and  white  sand,  ochre- 
ouB  at  base,  like  these.  No.  28  in  Prestwich's  section*.  The  Hengist- 
bury-Head  beds  are  equivalent  to  No.  27  of  the  Alum-Bay  section, 
71  feet  in  thickness,  and  are  confined  to  this  Head  as  far  as  the  coast 
of  the  mainland  is  concerned.  Their  position  is  between  150  and 
200  feet  down  in  the  Bracklesham  series.  The  Boscombe  Sands 
extend  to  beyond  Boscombe,  and  are  the  equivalents  of  beds  Nos.  26 
and  25  at  Alum  Bay,  where  they  comprise  147  feet  of  sand  with 
occasional  layers  of  pebbles.  These,  although  on  the  mainland  of 
plain  white,  bnfP,  or  chocolate-colour,  are  the  most  brilliantly 
coloured  of  all  the  sands  at  Alum  Bay. 

A  careful  examination  of  the  cliflb  in  the  bay  from  this  point  to 
Bournemouth  shows  conclusively  that  there  is  a  general  sequence, 
and  that  the  strata,  although  nearly  horizontal,  have  a  slight  dip^ 
sufficient,  however,  in  so  great  a  distance,  to  pass  through  two  complete 
series  of  beds.  The  upper  series  is  the  continuation  of  the  Boscombe 
Sands  just  noticed,  and  has  a  probable  thickness  of  at  least  100  feet, 
but  18  here  entirely  composed  of  sands  shading  from  orange  to  white 
and  enclosing  heavy  shingle-beds.  The  second  series  is  composed  of 
sands  and  dark  days  of  marine  origin,  which  we  may  provisionally 
call  the  BoumemoiUh  Marine  Beds^  and  which  contain  numerous  and 
intereeting  fossil  remains.  Both  these  series  extend  to  within  a  third 
of  a  mile  of  Bournemouth  pier,  the  lower  one  partly  thinning  out 
and  being  partly  replaced  by  freshwater  beds. 

Passing  over  the  irreguW  patches  of  white  sand  which  are  seen 
underlying  the  shingle  already  mentioned  as  forming  low  difis  be- 
tween Hengistbury  Head  and  the  main  coast-line,  we  find  the  first 
regular  rise  of  the  beds  at  a  place  called  the  Cellars,  exactly  1  mile 
west  of  the  Head,  and  about  700  yards  E.  of  the  Coastgua^  flag- 
staff. The  lowermost  beds  are  chocolate-coloured  sands  and  dark 
sandy  clays  with  vegetable  remains,  belonging  to  the  Bournemouth 
Karine  Beds,  which  rise  in  successive  layers  at  angles  of  about  5°. 
At  a  distance  of  110  yards  west  of  the  Cellars  they  have  risen  but 
6  feet,  and  are  frequently  obscured  by  heaped-up  shingle.  The 
overlying  white  sand  beds  rise  with  them  and  are  here  10  feet  thick. 
176  yards  further  west  we  have  a  small  patch  of  dark  day  25  feet 
across,  presenting  a  lenticular  section,  underlain  by  shingle,  a  very 
unusual  arrangement.  I  am  particular  in  noticing  this  clay  patch, 
as  I  have  no  doubt  it  was  a  similar  patch,  if  not  this  very  one,  which 
*  Quart.  Joom.  Geol  Soc.  toL  ii.  p.  258. 
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Pro£.  Prestwioh  took  for  a  "  slight  throw-in  of  an  overlying  stratom  ** 
of  the  Barton  beds.  The  shingle  is  imbedded,  as  nsual,  in  white  sand, 
and  underlain  by  yellow  and  grey  sand  in  layers,  and  then  by  darker 
clayey  sand.     The  cliffs  are  here  30  feet  high  with  an  easterly  dip 
of  7^  and  are  more  than  half  composed  of  gravel ;  260  yards  further 
the  dip  decreases  to  5°,  and  we  have  in  descending  order  ash-coloured 
sand  and  day,  a  narrow  seam  of  pink  day,  white  sand  shading  to 
fawn,  a  thin  line  of  dark  day,  lemon-coloured  sand,  and  23  feet  white 
sand  with  laminated  pale  drab  days.    A  little  westward  a  layer  of  iron 
sandstone  appears ;  and  100  yards  further  the  dip  decreases  again  to 
3^  or  4^.    At  this  point  we  find  irony  and  fawn-coloured  sands  irr^^- 
larly  bedded  under  the  gravel,  then  sandy  laminated  day  with  two 
layers  of  orange-coloured  clay,  succeeded  by  three  layers  of  black 
day  between  lignitic  sand.      Under  the  flagstaff  is  an  important 
shingle  deposit  comprising  two  nearly  horizontal  and  parallel  layers 
at  its  base,  and  several  masses  bedded  obliqudy  at  an  angle  of  some 
25^  above.     The  whole  of  the  shingle-beds  appear  to  have  been  mis- 
taken for  diluvium  by  Lyell,  but  were  recognized  by  Prestwich  and 
distinguished  from  the  surface-gravel.     They  consist,  he  says  *, 
^'  uniformly  and  solely  of  perfecUy  rounded  smaller  or  larger  flint 
pebbles,  mixed  with  more  or  less  sand,  and  always,  when  the  latter 
predominates,  showing  distinct  though  rough  stratification."     A 
section  by  Prestwich  appears  to  have  been  taken  from  this  spot, 
where  the  flints  are  very  large  and  round.  For  400  yards  there  is  no 
change  of  importance ;  but  the  base-beds  show  clearly  defined  stratula, 
which  prove,  like  the  dope  of  the  old  shingle  beaches,  that  they  were 
thrown  down  by  water  advancing  from  the  eastward.     At  this  point 
occur  more  dark  lenticular  day  patches  of  the  Bournemouth  beds ; 
Itnd  through  the  increased  height  of  these  more  of  the  overlying  Bos- 
combe  Sands  seem  to  have  escaped  denudation.    The  line  of  sepa- 
ration between  these  latter  and  the  beds  below  may  be  distinctly 
traced,  as  a  thin  but  more  or  less  persistent  day  seam  checks  the  down- 
ward percolation  of  water,  and  throws  it  out  in  numerous  tiny 
springs,  the  wet  uniformly  darkening  the  beds  below  even  where  they 
are  composed  of  white  sand.  The  clay  patches  continue  without  change 
for  150  yards.     The  cliffs  are  then  65  feet  high,  40  feet  belonging  to 
the  lower  series  and  20  to  the  Boscombe  Sands,  with  little  or  no 
gravel  capping.     The  upper  beds  exhibit  stratula  at  reversed  angles, 
showing  cross  currents,  or  that  the  prevailing  set  of  the  tides  was 
often  changed.     The  lower  beds  change  frequently  from  dark  days 
to  buff  or  white  sands,  sometimes  within  10  yards,  and  contain  gr^ 
lenticular  patches  scooped  out  of  them  and  filled  in  with  white  sand, 
marking  probably  former  channels  paralld  with  the  shore,  such  aa 
we  see  to^ay  on  the  same  spot     The  damp  surface  of  the  cli£^  to 
which  blown  sand  clings,  obscures,  however,  most  of  these  changes, 
and  they  must  be  bared  with  a  spade  or  pick  to  be  visible.    They 
are  most  distinct  after  heavy  rain.    About  400  yards  beyond  a  liUle 
chine  in  which  the  coastguard  boats  are  sheltered,  the  junction  line 
is  temporarily  lost,  and  tiie  whole  diff  is  composed  of  yeUow  sand, 
*  Prestwioh,  Quart  Joum.  GeoL  Soo.  toL  v.  p.  46. 
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Booa  again  diversified  in  its  lower  portion  by  a  fresh  series  of  small 
black  lenticnlar  jiatohes.  That  these  lenticular  patches  are  cross  sec- 
tions of  ancient  channels  parallel  with  the  old  shore  seems  probable ; 
and  that  thej  are  of  considerable  length  may  be  argued  from  the  fact 
that  botii  Prof.  Prestwich's  sections*  show  an  arrangement  which  can 
be  identified  by  certain  peculiarities  with  two  existing  patches,  not- 
withstanding that,  in  the  30  years  that  have  elapsed  since  these 
figures  were  drawn,  there  is  reason  to  believe  100  yards  of  coast 
may  have  been  washed  away.  One  coastguardsman  estimated  that  as 
much  as  60  yards  had  gone  in  about  16  years,  and  all  testimony  points 
to  a  rapid  waste.  That  this  is  much  feared  is  clear  from  the  great  di- 
stance from  the  cliff  at  which  the  coastguard  buildings  are  erected, 
and  a  monument  on  Double  Dykes  has  had  to  be  shifted  further  inland. 
Wet  brings  down  large  masses  of  mud  and  sand  in  a  few  hours ; 
wind  produces  continuous  streams  of  sand ;  the  falling  pebbles  com- 
pel you  to  give  the  cliffs  a  wide  berth ;  and  perpetual  slips  cause 
anxiety  to  the  nevertheless  fortunate  proprietors  of  the  lands 
bordenng  the  sea.  250  yards  to  the  east  I  detected  a  bean-like 
single-seeded  pod  with  indistinct  leaves,  and  other  seeds  in  one  of 
the  lenticular  patches.  Here  seems  to  be  inserted  a  fresh  series  of 
laminated  sands,  6  feet  thick,  with  much  wood  and  lignite ;  but  with 
this  exception  the  cliffi,  77  feet  high,  are  all  sand  with  only  occa- 
sional darker  lenticular  patches,  and  with  very  few  pebbles  in  thin 
small  layers.  The  dip  decreases  150  yards  W.  to  P,  and  E.S.E.  by 
S.B.  The  bottom-beds,  12  feet  thick,  contain  distinct  impressions  of 
leaves  in  a  liver-coloured  clay ;  among  them  an  ovate  and  a  strongly 
serrate  leaf  are  recognizable.  44  yards  on  we  have  several  layers 
of  black  clay  under  the  line  of  damp  already  mentioned  as  separating 
the  two  series  of  beds,  then  white  sand,  and  only  10  feet  dark  sandy 
elay.  The  Bournemouth  beds,  here  40  feet  thick,  form,  as  a  rule,  a 
nearly  vertical  base  to  the  cliff ;  whilst  the  Boscombe  Sands,  frequently 
nearly  pure  white  and  tit  for  glass-making,  always  slope  back  at  a 
considerable  angle.  130  yards  W.  we  have  another  curious  series 
of  paralld  shingle-beds ;  and  in  the  base-beds,  which  are  of  liver- 
coloured  day,  a  large  laurel-shaped  leaf  is  abundant,  associated  with 
a  pod  as  large  as^and  resembling  an  ordinary  pea-pod ;  66  yards  "W. 
*the  cliffs  again  become  wholly  sand  with  a  dip  of  3^,  the  white  sand 
showing  fine  examples  of  stratula ;  154  yards  further  on,  lenticular 
patches  again  appear,  40  feet  from  the  beach.  1  will  not,  however, 
describe  too  minutely  the  details  of  the  cliffs,  and  therefore  pass  over 
the  changes  occurring  in  the  next  quarter  of  a  mile,  and  come  to  a  con- 
crete road  constructed  up  the  face  of  the  cliff  by  Lord  Portman,  who 
haa  also  gone  to  considerable  expense  in  pile-driving  at  its  foot,  it  is 
to  be  feared,  unavailingly.  Even  the  road  itself,  unless  constantly 
cleared,  will  be  filled  by  blown  and  falling  sand,  which  forms  great 
dunes  at  the  top  of  the  diff.  The  cliff  here  shows,  in  descending 
order,  gravel,  ochreous  sand,  white  sand  in  stratula,  white  semd  with 
iron  stains,  iron-coloured  sand,  pinkish  clayey  sand  not  holding  water, 
orange  sandy  day  and  sand,  thick  black  lignitic  sand,  mottled  white 
♦  X.f.  p.  46.  fig.  3,  p.  47.  fig.  4. 
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and  yellow  sand,  and,  finally,  mnch  twisted  black  clay,  the  latter  hold- 
ing the  water  whose  mischief  Lord  Portman  endeavours  to  remedy. 
A  little  eastward  the  pinkish  clayey  sand  ceases,  the  lignitic  sand 
passes  into  pure  glass-sand,  and  there  are  thick  shingle-beds  at  the 
top.  For  200  ya^rds  further  we  find  the  lower  half  of  the  clifis  com- 
posed of  white  sand,  the  upper  of  orange  sand ;  90  yards  further  we 
meet  with  very  regular  layers  of  shingle  and  curiously  twisted  lig- 
nitic sand  and  day  at  the  base.  The  chSa  are  now  100  feet  high ; 
380  yards  further  on  we  reach  the  first  really  palsBontologically  in- 
teresting spot.  This  is  an  obliquely  bedded  lignitic  sand,  some  16 
feet  thick,  containing  very  perfect  and  almost  uncompressed  limbs 
of  all  sizes  of  an  American  form  of  Cactus  *,  described  by  Heer  from 
Bovey  Tracey  as  Palmadtes  dcemonarops.  Together  with  this,  and 
even  more  abundant,  are  branches  of  a  /S>e^^uoia-like  conifer  t.  The 
upper  part  of  the  cliff  is  nearly  pure  white  sand,  the  rest  (the 
Bournemouth  beds)  being  composed  of  greyish  sand  and  day  in 
layers.  It  is  singular  that  these  Cactus  and  coniferous  branches 
should  have  been  deposited  in  this  place  in  abundance,  and  only  here, 
in  company  with  fragments  and  branches  of  wood  (riddled  by  Teredo) 
and  sharks'  teeth.  A  few  yards  E.  or  W.  we  may  search  in  vain  for 
them ;  and  it  is  difficult  to  understand  why  they  are  so  completely 
separated  from  the  fruits  and  seeds  elsewhere  so  abundant. 

120  yards  beyond  this  are  the  Honeycomb  Chines,  the  sides  of 
which  are  upwards  of  100  feet  high  and  of  most  picturesque  ap- 
pearance. The  ridge  separating  them,  deprived  of  its  gravel  capping, 
and  formed  of  snow-white  sand,  looks  quite  Alpine  with  its  sharply 
cut  peaks  and  water-worn  gullies,  which  may  be  magnified  by 
imagination  into  chasms  and  crevasses.  The  ribbon-like  and  netted 
surface,  produced  by  weathering,  produces  a  singular  and  striking 
effect.  Lyell  represents  3  chines  at  about  the  same  spot;  but  it  is 
hardly  conceivable  that  any  trace  of  those  should  remain  at  this 
day,  as  over  fifby  years  have  since  elapsed.  Last  spring  the  face  of 
the  buttress  separating  the  two  fell  away  like  an  avalanche,  which 
will  take  many  a  rough  sea  to  remove.  The  production  of  these 
chines  is  marvellously  rapid ;  a  week's  rain  sometimes  goes  far  to  pro- 
duce one  where  a  few  days  before  not  even  an  indentation  was  visible. 
But  their  picturesque  aspect  is  not  their  only  charm  to  the  geologist. 
The  beds  towards  the  base  are  full  of  interest.  A  section  taken  on 
the  east  side  of  the  eastern  chine  shows,  in  descending  order : — 

feet. 

20  Yellow  sand  and  gravel. 
38  White  sand. 

5  Whitish  sand  with  limitio  matter. 

1  to  3  Dark  reddish  ash-cdoured  lignitic  sand  crowded  with  NipadiUs,  but 
almost  without  other  recognizable  fruits. 

6  Whitish  and  ash-coloured  lignitic  sand,  with  occasional  fruits  resembling 

PetrophihideSf  Cucwnites^  and  Hightea  of  Bowerbank. 

2  White-sand  matrix,  black  with  rolled  lignite. 

3  White  sandy  clay  bored  by  Pholas, 

Sand  *10  or  12  feet  to  beach. 

*  Identified  by  CarruUiers.  t  Sequoia  Sternberg  t 
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This  section  yaries  considerably  in  different  parts  of  the  two 
ehines;  bnt  the  Nipadite-zone  is  constant  in  both.  The  thick  sands 
of  the  npper  series  enclose  no  shingle  here.  No  reliable  dip  inland 
can  be  obtained,  as  the  bedding  is  somewhat  confused ;  bnt  in  most 
of  the  faces  running  N.N.E.,  N.N.W.,  W.N.W.  the  beds  appear 
horizontal,  the  principal  dip  appearing  to  be  towards  W.S.W.  The 
horizon  of  the  Nipadite-bed  at  the  extremity  of  the  chines  is  42  feet 
above  sea-level,  top  of  lignitic  sand  47  feet,  top  of  white  sand  85  feet, 
with  a  capping  of  about  20  feet  yellow  sand  and  gravel.  At  the 
entrance  to  the  chine  the  Nipadite-bed  is  but  25  feet  above  sea, 
and  the  top  of  the  lignitic  sand  50  feet.  The  base  of  a  fine  palm- 
stem  was  found  in  sand  15  feet  above  sea-level,  near  the  entrance  to 
the  second  chine.  The  bark  and  woody  structure  are  in  perfect 
preservation,  and  the  roots  still  entangle  the  white  clay  in  which 
the  tree  was  imbedded  before  it  was  wa^ed,  in  Eocene  times,  from 
^e  older  beds  nearer  to  Poole. 

It  is  singular  that  the  Nipadttes^  which  are  so  abundant  in  the 
chines  that  after  rains  twenty  or  thirty  maybe  collected  in  an  hour, 
cannot  be  traced  either  east  or  west  of  the  chines.  I  have  met  witii 
tiiem  in  only  one  other  locality  nearer  Bournemouth,  where  they 
are  comparatively  rare.  No  specimen  has  the  base  preserved,  all 
exhibiting  the  characteristic  predisposition  to  dissolution*. 

The  husks  are  mixed  with  masses  of  rounded  and  carbonized 
pellets  of  vegetable  matter,  occurring  in  layers,  which  have  evidently 
been  subjected  to  attrition  by  tidal  water.  It  seems  clear  that  they 
must  have  floated,  or  they  would  have  been  pulverized,  like  the  more 
solid  remains  with  which  they  are  mingled ;  their  deposition  in 
layers  renders  it  probable  that  they  were  periodically  stranded  by 
the  winds  and  in  great  numbers. 

Bowerbank,  in  his  *  Fossil  Fruits  and  Seeds  from  Sheppey,'  gives 
some  curious  particulars  respecting  the  NipadUes  found  at  Sheppey 
and  the  recent  genus  Nipa.  The  principal  habitat  of  the  latter 
appears  to  be  near  large  rivers  and  in  watery  and  marshy  places 
where  the  soil  is  black  mud  or  clay  frequently  covered  with  water. 
''  It  is  observed  at  the  mouth  of  all  the  great  and  rapid  rivers,  and 
also  in  such  places  as  are  overflowed  by  the  sea  or  by  brackish 
Water ;  for  tMs  tree  grows  best  in  soil  impregnated  with  salt." 

The  Bournemouth  species  most  resembles  N,  crassus,  Bow.  They 
appeared  to  have  completed  germination,  and  the  exhausted  and 
hollow  fruit  is  filled  with  white  sand  with  little  trace  of  vegetable 
matter.  The  pericarp  is  present,  and  the  endocarp  is  sometimes 
preserved,  but  equally  filled  with  the  same  sand.  This  want  of 
variety  in  the  vegetable  remains  shows  that  they  were  deposited 
near  to  where  they  grew;  the  variety  of  form  at  Sheppey  indi- 
cating, on  the  contrary,  an  assemblage  brought  together  from  a  large 
area. 

Ketuming  to  the  diffis :  220  yards  to  the  west  is  Boscombe  Chine, 
at  the  east  comer  of  which  is  a  small  patch  of  hard  greenish  clay 
which  may  be  designated  the  Dryandra-Yied,  as  it  is  filled  with  tufta 

*  See  Bowerbank,  *  History  of  Fossil  Fruits  of  the  London  OUty,'  pp.  4, 7« 
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of  leaTee  of  a  small  aoately-lobed  Proteacean  (which  difPera  from  those 
of  Alum  Bay)  and  with  compressed  coniferous  branches.  Under 
this  patch  is  a  compact  bed  of  hard  whity-brown  and  ash-eoloured 
sand  with  more  coniferous  branches  and  seeds.  A  few  £det  east,  in 
16  feet  of  liver-coloured  clay  under  8^  feet  of  greenish  clay,  we  meet, 
for  the  first  time,  so  far  as  I  have  observed,  in  these  beds,  with  casts 
of  oysters  in  great  masses.  At  the  corner  of  the  chine,  dose  to  the 
beach,  the  grey  sand  contains  branches  of  trees  3  or  4  feet  long,  with 
more  perfect  Teredo-honnga  than  any  met  with  elsewhere  on  this 
coast. 

The  eastern  side  of  Boscombe  Chine  is  overgrown ;  but  the  western 
side  is  well  exposed  for  nearly  a  quarter  of  a  mile,  and  shows  that 
the  beds  are  quite  as  variable  in  a  transverse  as  we  have  seen  them 
to  be  in  the  longitudinal  section,  and  that  they  here  rise  inland 
very  rapidly.  The  W.  coiiier  presents  a  curious  instance  of  de- 
nudation by  wind  which  has  taken  place  within  my  own  recollection. 
For  50  yards  the  upper  beds  have  been  swept  off,  the  top  of  the 
lower  and  more  compact  beds  now  forming  a  plateau  of  that  extent. 
Proceeding  W.  the  lower  beds  for  150  yards  are  dark  and  compact, 
forming  a  perpendicular  cliff  25  feet  in  height,  the  junction  between 
these  and  the  upper  series,  now  of  an  orange-colour,  being  sharply 
defined.  The  masses  of  lignitic  sand  forming  the  upper  beds  of  the 
lower  series  appear  to  enclose  none  of  the  seeds  which  we  some- 
times find  sparsely  scattered  in  the  sands  below.  These  beds  dip  8^, 
and  under  them  rises  greensand  with  casts  of  oysters,  sometimes 
coated  with  Bryozoa.  60  yards  eastward  a  clay  patch  occurs  as  many 
yards  in  length,  and  of  a  drab  and  irony  hue  at  the  base,  emitting  a 
sulphurous  smell  when  divided.  It  has  indistinct  leaf-remains,  and 
is  penetrated  by  fossil  roots  or  sedges.  For  the  next  200  yards  the 
sections  are  obscured  by  slips,  but  the  dark  beds  appear  occasionally 
and  are  seen  to  be  full  of  oysters. 

Next  to  this  is  the  iron-ladder  path,  where  the  difis  are  about 
80  feet  high,  with  the  addition  of  a  capping  of  nearly  30  feet  of 
blown  sand.  We  here  find  the  following  section  : — Lower  beds : 
base  very  sandy  day  obliqudy  bedded,  3  feet;  dark  sandy  clay 
getting  more  decidedly  clayey  towards  the  top,  the  last  foot  being 
very  stiff  black  day  shading  to  lead-colour,  30  feet ;  over  this  are 
whitish-grey  sands  with  grains  of  lignite  and  a  few  seeds,  3 
feet ;  total  about  .40  feet.  Upper  beds :  principally  white  glass- 
eandi,  but  yellow  towards  the  top  and  base,  40  feet.  A  very  few 
yards  west,  however,  the  obliquely  -bedded  sandy  days  rise  and 
attain  a  thickness  of  30  feet,  and  are  then  replaced  by  hard  white 
sand,  unconformable  to  the  obliquely  bedded  clays.  At  the  end  of 
200  yards  these  again  become  first  more  yellow  and  then  interlace 
with  nearly  black  sands,  which  soon  entirely  replace  them.  Here 
Nipadites  are  again  found,  but  very  sparingly,  together  with  fruits, 
which  are  rare,  resembling  Hightea  minima,  Bow.,  and  Anona^  Heer 
For  another  250  yards  dark  yellow  and  grey  sands  50  feet  thick 
alternate,  the  upper  beds  consisting  of  orange  or  white  stratulated 
sands  of  nearly  equal  thickness;  but  at  this  point  a  small  patch 
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qoite  at  the  base  of  the  cliff  deserves  especial  notice,  as  it  is  literally 
crowded  with  seeds  and  fruit,  supposed  of  Hightea  and  CucumiUs^ 
and  more  rarely  fruits  of  PetropMloides.  The  patch  is  situated 
between  the  extremities  of  two  unconformable  sandy  clay-beds. 
[So  local,  howeyer,  are  these  seeds  that  within  the  last  year  a 
shift  of  a  small  streamlet  2  or  3  yards  to  the  east  has  caused  them 
but  rarely  to  be  washed  out.]  They  appear  at  the  time  of  deposition 
to  have  been  caught  in  an  eddy,  and  are  mixed  with  stems  and 
leaves,  the  latter,  although  they  cannot  be  worked  out,  being  so 
perfect  when  weathered  out  by  spray  as  to  seem  like  freshly  decayed 
leaves  blown  on  to  the  face  of  the  cliff*.  This  new  base-bed  soon 
changes  to  sand  of  a  white  or  ash-colour,  full  of  lignitic  grains  and 
occasi(mal  slightly  bored  logs  of  wood,  without  fruits,  but  containing 
in  one  place  an  included  mass  of  jet-black  clay  crowded  with  broken 
pinnae  of  Osmunda,  The  section  of  the  lower  series  is  at  this  spot : 
— ^black  clay  at  base,  8  feet ;  then  white,  drab  and  white  sand  with 
lignite,  44  feet ;  capped  with  a  thin  water-holding  seam  of  clay.  The 
upper  series  is  unchanged.  We  now  approach  the  point  of  final  dis- 
appearance of  the  marine  series  of  beds,  which  within  about  100  yards 
gives  place  to  beds  of  freshwater  origin.  Before  their  disappearance, 
which  is  due  partly  to  the  rise  of  lower  beds  and  partly  to  their 
passage  into  the  freshwater  beds,  they  become  greatly  disturbed, 
and  have  been  much  broken  up  and  redeposited ;  while  the  changes 
in  their  composition  are  so  rapid  that  the  most  minute  and  careful 
examination  is  required  to  understand  their  sequence.  They  are 
mostly  highly  foasiliferous  and  of  the  greatest  interest.  Within 
lees  than  50  yards  of  the  last  section  we  have  the  following,  in 
ascending  order : — 

ft 

/ 1  /  Coarse  quartz  grit   1    « 

^  \  Light  drab  clay    /    ^ 

^  LiTer-coloured  clay  with  pyritized  stems  penetrating.  ^ 
Angular  Itunps  oi  unfossiliferous  hard  dark  bands 

mlepoeited  in  a  matrix  of  light  lienitic  sand  V25 

Lienitic  sand  with  slightly  rounded  blocks  of  a  re- 
deposited  leaf-bed    ) 

3    Light  grey  sand  15 

r  Greenish  sand  with  oysters,  Flustraf  &c ,      4 

4'!  Pink  and  drab  clay 1 

I     [  liemon  and  ochreous  clayey  sand 3 

/       Whitesand  14 

Orange  and  yellow  sand    about    20 

Total  about  85 

*  About  fifteen  distinct  forms  only  are  at  present  known  from  these  beds, 
and  they  are  mostly  of  small  size.  These  fruits,  although  not  rivallinff  in 
variety  and  importance  those  from  Sheppey,  are  nevertheless  of  the  hignest 
possible  interest,  as  should  their  supposed  identity  with  the  latter  be  sustained, 
the  fruits  of  Sheppey  would  assist  in  the  determination  of  the  Bournemouth 
leares  in  an  unlooked-for  manner.  If  these  fruits,  which  are  above  the  horizon 
of  the  leaves,  are  identical  with  or  even  similar  to  those  from  the  London  Clay 
below^  we  have  there  the  strongest  reason  to  infer  that  the  leaves  lying  between 
them  were  leaves  belonging  to  the  same  groups  of  plants  to  which  the  fruits 
belonged,  and  grew  on  the  same  land.    We  may  thus  nnd  in  the  Sheppey  fruits 
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A  new  bed,  about  3  feet  tbick,  of  compact  dark  day,  next  rises, 
oontaining  abundant  seeds  and  fruits*,  wbicb  are  compressed,  not 
so  well  preserved  as  in  the  former  fruit-bed,  and  containing,  in 
addition,  various  dicotyledonous  leaves,  including  a  Dryandra^  and 
also  (7ac<t4«-spine8,  as  well  as  fragments  of  a  broad,  apparently 
Musaceous  leaf. 

From  a  point  a  very  few  yards  west  of  the  last  section,  and  in 
the  marine  beds  numbered  4  in  the  preceding  section,  were  obtained 
several  Crustaceans.  The  beds  here  show  extremely  well  the 
passage  from  marine  to  brackish  and  freshwater,  and  are  as  follows, 
descending : — 

1.  Dark  sands  with  green  grains,  broadest  and  lightest  at  the  top,  oontain- 

ing masses  of  Ostrea  dorsafa  ?  (ooated  with  FluUra),  an  Area  (apparently 
A,  appendiculata)t  a  Modiola  (probably  M.  Nff9tii\  Tellma  tenuittriata^ 
and  more  rarely  Calt/ptraa  troch{formi$?,  Pkorus  aggluHnatu,  NaHea 
lahelUUa,  and  a  Cerithium, 

2.  Liver-coloared  clay  (turning  black  on  exposure)  with  abundant  remains 

of  CaUianaasay  and,  more  rarely,  a  shofe-crab.  Bryosoa,  first  detected  by 
Oarruthers,  also  abound  t.  A  r7iitV>-like  shell  is  also  abundant,  together 
with  some  smaller  bivalyes  and  a  minute  and  very  rare  Planorbis^  15  feeU 
[The  surface  of  the  succeeding  bed  is  eroded  for  about  6  inches,  and 
filled  in  with  the  overlying  clay,  which  has  also  formed  small  pipings.] 

3.  Stiff  black  clajrs  passing  into  lighter  liver-clays  at  bottom,  and,  alter  a 

break,  into  liver-clay  with  ferns.  Verr  dark  sandy  day.  White  or 
ash-coloured  sand  with  lignitic  bands.    SO  feet 

a  great  help  to  the  correct  determination  of  the  leaves ;  as  in  cases  where  the 
form  and  cnaracter  of  a  leaf  would  leave  it  doubtful  to  which  of  several  genera 
it  should  be  referred,  the  presence  of  fruits  of  any  one  of  the  genera  to  which 
the  leaf  might  be  referred  would  assist  us  to  determine  its  genus,  with  a  fkr 
greater  approximation  to  certainty  than  if  no  such  fruit  existed. 

*  The  hkeness  of  these  to  the  Bovey-Tracejr  seeds  called  Anona  is  so  extra- 
ordinary that  if  specimens  from  both  localities  were  mixed  they  could  not 
again  be  separated  with  certainty. 

t  Mr.  Waters,  who  has  kindly  examined  the  specimens  of  Bryoxoa  obtained 
here,  writes  t-o  me  as  follows,  about  them  : — 

**  The  fossil  Bryozoa  from  Bournemouth  which  you  kindly  allowed  me  to 
examine  are  fwith  the  exception  of  one  impression)  all  merely  casts  of  homy 
species,  and  therefore  do  not  permit  any  investigations  into  toe  shell-structure 
to  be  brought  to  bear. 

"  A  few  of  the  specimens  are  Flusirat  but,  as  none  of  the  characteristic  points 
are  preserved,  cannot  be  determined,  since  the  only  comparison  that  is  possible  is 
the  size  of  the  cells. 

"  There  are,  however,  three  specimens  of  great  interest.  These  are  casts  of 
JHachoriSy  of  which  the  lateral  tubular  connexions  can  be  seen,  and  theee  are 
fyequently  broken  off  at  the  diaphragm,  as  is  often  the  case  in  recent  iHachorU, 
There  are  two  protuberances  in  the  cast,  one  on  each  side  of  the  oral  aperture, 
and  these  .«how  that  there  were  two  rather  large  avicularia.  The  Bournemouth 
Diachoria  has  the  distal  and  proximal  ends  in  direct  contact,  as  in  Fluatra  and 
Carlxuea,  while  in  most  Dtachoris  they  are  joined  by  a  tubular  connexion 
similar  to  the  lateral  tubes. 

"  This,  I  believe,  is  the  first  time  that  a  fossil  Dioc^orts  has  been  found,  which 
on  that  account  is  of  much  interest  There  are  a  few  species  now  living  in  the 
Mediterranean ;  but  it  is  apparently  much  more  common  in  the  southern  hem*- 
^  sphere.  The  Diachoris  magellanicu,  Busk,  is  the  most  common  in  the  Mediter- 
ranean. It  has  one  or  two  avicularia  placed  slightly  more  laterally  than  thoee 
in  your  specimen. 

**  This  mode  of  tabular  connexion  is  not  confined  to  JHachorU',  for  Membra" 
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The  marine  bed  last  described  occurs 
on  the  east  side  of  a  slight  indentation  of 
the  cliff,  some  30  yards  across,  formed  by 
a  spring.  Owing  to  this  spring,  which 
has  of  late  years  cansed  frequent  land- 
slips, the  section  is  seldom  to  be  seen  ; 
but  it  was  yisible  after  much  digging 
during  the  summer,  great  cracks  threat- 
ening all  the  time,  however,  a  fresh  slip. 
No  description  can  render  intelligible 
the  complicated  structure  of  this  part  of 
the  series,  the  broad  lines  of  which  are 
sketched  in  fig.  5.  On  the  west  side  of 
this  landslip  occurs  the  first  leaf-bed 
which  bears  evidence  of  having  been  de- 
posited in  fresh  water.  It  is  made  up  of 
thin  layers  of  a  pinkish  clay  between 
films  of  sand,  and  in  one  place  contains 
nothing  but  leaves  of  ferns  belonging  to 
Polj/podium,  Ckrysodium^  Pteris^  and 
(hmunda. 

Other  beds  contain  a  few  dicotyle- 
donous leaves  mixed  with  the  ferns, 
among  them  a  Eucalyptus ;  whilst  some 
of  the  dark  beds  contain  branches  of 
Sequoia^  leguminous  pods  and  leaves,  &c. 
Over  this,  and  to  the  east  of  the  landislip, 
the  last  shingle-beds  of  the  Boscombe 
Sands  occur  in  lenticular,  sometimes 
truncated  patches.  About  100  yards 
further  west  the  marine  beds  finally  thin 
out  and  end  in  a  point,  the  clifiis  being 
nearly  all  composed  of  white  sand  with 
abort  irregular  patches  of  vegetable 
matter.  The  lowering  of  the  cMs  and 
the  rise  of  the  underlying  beds  termi- 
nate the  upper  or  marine  series  at  this 
point. 

nipora  cireumdneta  of  Heller  ib  also  connected 
by  ehort  tubes,  wbich  are  more  numerous  than 
in  JHaehortB, 

**  I  think  jour  specimen  might  well  be  called 
Diaekoru  mtermedia  if  it  is  ulowed  to  remain 
with  Diaehcris, 

**  There  is  also  a  cast  of  Membranipora,  which 
in  shape  much  resembles  Membran^ora  pilosa, 
which  is  common  on  the  seaweeds  all  roimd 
our  coast ;  but  as  there  are  fossils  with  similar- 
shaped  cells  and  great  variation  in  other  points, 
no  vp^flc  determination  is  possible  from  casts. 

**  There  is  an  impression  of  an  Eachara  or 
Lepraliat  which,  I  fear,  cannot  be  determined." 
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The  extraordinarily  shifting  and  rapidly  changing  character  of 
the  beds  both  horizontally  and  vertioally,  the  marshy  character  of 
the  y^etation,  as  represented  by  ferns,  Ehicalyptus^  Aroids,  &c., 
the  ireqnent  patches  of  drab  day  (which  evidently  once  formed  an 
oozy  soil  in  which  the  ferns  and  perhaps  water-plants  rooted),  the  local 
patches  of  ironstone,  the  marine  beds,  as  well  as  the  character  of 
the  fauna,  shore-crabs  and  Callianassa,  mingled  with  Unios,  clearly 
show  that  this  was  the  actual  debatable  margin  betwixt  sea  and 
rirer,  beyond  which,  to  the  west,  it  seems  clear  the  encroaching 
sea  never  in  these  ages  penetrated. 

With  regard  to  the  correlation  of  the  Bournemouth  Marine  beds  with 
those  of  the  London  Basin,  it  is  clear,  upon  reading  Prof.  Prestwich's 
description  of  the  Middle  Bagshot  series  in  that  area,  that  the  beds 
are  lithologically  very  similar.     He  ascribes  to  it  a  thickness  of 
from.  40  to  60  feet,  and  considers  it  to  be  a  division   of  distinct 
mineral  character  and  persistent  range  and  structure.     Whitaker, 
in  the  Geological  Survey  Memoir*,  adopts  Prestwich's  divisions,  and 
quotes  largely  from  his  work.     The  lower  part  consists  of  laminated 
clays  and  sands  ;  above  these  there  is  "  green  sand,  generally  very 
pure  and  of  a  dark  bottle-green  colour,"  12  to  20  feet  thick,  suc- 
ceeded by  other  sands  and  clays,  with  occasional  layers  of  rolled  flint 
pebbles.    The  presence  of  glauconite  grains  is  a  distinctive  feature 
of  the  Middle  Bagshot  dinsion,  and  the  fossils  that  have  been  found 
are  Bracklesham  species.  There  can,  I  think,  bo  no  reasonable  doubt 
that  these  beds  represent  the  same  stage  of  the  Bracklesham  series 
in  the  London  Basin.      When  we  come,  however,  to  the  Upper 
Bagshot  beds  in  the  same  area,  considerable  doubt  exists.     These 
Bands  are  described  in  the  Survey  memoir  as    "loose,  generally 
whitish,  and  without  signs  of  bedding  or  pipeclay,  and  are  260  to 
300  feet  thick."     Considering  that  the  Bournemouth  marine  beds 
are  overlain  by  heavy  deposits  of  white  sand  in  every   respect 
answering  to  this  description,  and  that  the  Hengistbury-Head  beds 
are  also  under  a  thick  mass  of  whitish  sand,  and  in  the  absence 
of  palaeontological   evidence,  it  seems  far  more  likely  that  these 
belong  to  Middle  than  Upper  Bagshot  time.     On  this  supposition 
we  have  neither  the  very  sudden  thinning  of  the  Middle  Bagshot 
nor  the  absence  of  any  indication  of  the  Barton  Clay  to  account  for. 
I  am  therefore  of  opinion  that  no  Eocene  beds  younger  than  the 
Brackleshams  are  met  with  in  the  London  Basin.      There  is  one 
other  point  upon  which  I  wish  to  remark.     The  fossil  plant-remains 
met  with  in  the  Bournemouth  beds,  especially  those  in  the  marine 
series,  are  so  strikingly  similar  to  the  Bovey-Tracey  fossils  as  to 
make  it  clear  to  my  mind  that  the  latter  have  been  wrongly  assigned 
to  the  Miocene.     I  believe,  in  fact,  that  they  are  simply  an  outlier 
of  the  Bournemouth  series,  from  which  they  are  but  eighty  miles 
distant.     Whether  we  compare  the  ferns,  as  Osmunda  (PecopUris) 
ligniia,  Lastrcta  Bunburyi,   the    CactxisZ  (PalmaciUs  dctmonorops)  ^ 
the  fruits,   conifers,   or  dicotyledons,  it  is  seen  that  by  far  the 
larger  pro})ortion  are  not  only   specifically  identical,  but  occur 
*  Mdm  OcoL  Suit.  vol.  iv.  p.  329. 


Digitized  by 


Google 


228      SEBCBIPTIOir  AVB  OOBBXLATIOH  OF  THE  BOXTBHEltOUTH  BEDS. 

exactly  in  the  same  combinations  and  manner  of  preserration.  The 
synchrony  of  the  Bovey  with  the  Hempstead  beds  has  been  inferred 
on  the  most  slender  grounds,  and  scarcely  deserves  attention  now 
that  it  is  opposed  by  strong  evidence  pointing  in  another  direction. 

DisoirssioK. 

Mr.  Whitakbr  asked  if  the  author  regarded  the  fruits  of  Sheppey 
and  those  of  Bournemouth  as  coming  from  the  same  horizon,  and 
called  attention  to  the  thickness  of  strata  deposited  between  the 
London  Clay  and  the  Bracklesham  Series.  He  questioned  the  rejec- 
tion of  the  older  nomenclature,  but  admitted  the  great  difSculty  of 
correlating  the  Middle  Eocene  deposits  of  the  London  and  Hampshire 
basins. 

Mr.  Charleswobth  remarked  on  the  interest  attaching  to  the 
discovery  of  fossil  fruits  at  Bournemouth,  and  inquired  whether 
Nijyadites  occurred,  and  if  the  fruits  were  in  the  same  state  o£ 
mineralization  as  at  Sheppey. 

The  AxjTHOB  replied  that  the  Bournemouth  fruits  were  generally 
similar  to  those  of  Sheppey,  and  several  belonging  to  the  latter  loca- 
lity also  occurred  at  Bournemouth.  He  defended  his  correlation  of 
the  beds. 

Mr.  WoonwABD  stated  that  he  had  not  yet  been  able  to  study  the 
Crustacea  collected  by  Mr.  Gardner,  which  were  not  well  preserved, 
and  he  feared  would  prove  incapable  of  specific  determination.  He 
had  recognized  among  them  some  Spider-Crabs,  apparently  of  the 
genus  Stenorhj/nc^iis,  a  XaniTiapsis,  and  what  appeared  to  be  a 
CalHanassa, 
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17.  On  some  Tin-deposits  of  the  Malayan  Peninsula.    By  Patrick 
DoTLE,  Esq.,  C.E.    (Read  January  8, 1879.) 

[Communicated  by  EeT.  T.  Wii^rsHiRs,  M.A.,  F.G.S.] 

Thebb  is  a  strikiDg  resemblance  in  the  mineral  characteristics  of  all 
parts  of  the  Malayan  Peninsula,  especially  in  regard  to  the  mode  of 
occurrence  of  the  deposits  of  tin-ore  (cassiterite). 

The  Malayan  tin-field,  including  the  islands  of  Banca  andBilleton, 
extends  over  17  d^;rees  of  latitude  and  10  of  longitude ;  but  the 
observations  of  Messrs.  JiOgan,  Horsfield,  and  others,  in  different 
parts  of  this  area,  correspond  with  those  which  have  been  noted  in 
Lamt.  The  peninsula  consists  of  granitic  rock  overlain  generally  by 
sandstone,  and  frequentiy  also  by  laterite  or  cellular  day-ironstone, 
and,  to  the  north,  by  limestone.  A  granitic  mountain-range  extends 
along  the  whole  length  of  the  peninsula,  on  both  sides  of  which, 
but  especially  on  the  western  or  Sumatran  one,  are  extensive  alluvial 
plains,  but  little  above  the  level  of  the  sea.  Iron,  tin,  and  gold  are 
the  principal  metals.  Ores  of  the  first  are  found  everywhere ;  and  tin 
has  hitherto  been  found  in  all  parts  where  search  has  been  made. 

Perak  is  the  second  Malay  State  on  the  west  side  of  the  peninsula, 
counting  from  the  north ;  and  Lamt,  its  chief  province,  is  an  irregular 
strip  of  land  about  70  miles  long  and  varying  from  10  to  25  miles 
broad,  bordering  the  coast. 

Larnt,  for  some  ten  miles  inland  from  the  sea,  is  a  level  plain  ; 
then  the  mountain-ranges  begin  and  rise  to  a  height  of  nearly  5000 
feet,  running  in  an  abnoet  unbroken  line  in  a  northerly  direction, 
with  detached  hills  at  intervals  at  their  base.  All  the  land  at  the 
foot  of  these  ranges  is  more  or  less  stanniferous.  This  strip  is  in 
length  above  50  miles,  with  an  average  breadth  of  six.  Its  level  is 
eren  now  being  altered  by  the  alluvium  brought  down  from  the  hills 
by  a  rainfall  which  exceeds  150  inches  per  annum. 

All  the  ore  worked  up  to  the  present  time  has  been  found  in  the 
alluvium  derived  from  the  mountain-ranges,  t. «.,  in  mining  language, 
in  stream-works.  The  ore  has  been  traced  up  to  veins  in  the  rock, 
but  these  have  not  hitherto  been  worked. 

The  tin-beds  are  composed  of  the  debris  of  granitic  rocks  mixed 
with  the  ore ;  the  latter  varies  in  size  from  particles  like  fine  sand 
to  fragments  as  large  as  a  hazel-nut,  the  deposit  becoming  coarser  as 
the  mountains  are  approached*. 

♦  Thefollowinff  specimens  were  presented  in  illustn^on  of  this  paper: — 
(1)  Fine  Tinsana,  oDtained  from  the  allavial  flats  between  the  coast  and  the 
mountain-range — Lamt,  Perak,  Malayan  Peninsula.  (2)  Coarse  Tin-aand, 
found  in  allurial  deposits  in  the  interior,  bejond  the  mountain-range  and  ^m 
thirty  to  forty  miles  from  Uie  coast— KintA,  Perak.  (3)  Tin^avel,  found 
uxider  boulders  at  Tarying  altitudes  of  from  500  feet  to  1500  feetaboTesea-leyel 
on  the  western  slopes  of  Uie  mountain-range — Lamt,  Perak.  (4)  Tin^jre  m  its 
nudrix,  obtained  trom  "pockets"  of  the  hills  at  an  eleration  of  2000  feet— 
IJamt,  Perak.  (5)  The  lin^ay,  which  holds  the  specimens,  is  made  of  the 
tin  obtained  from  the  smelting  of  ^e  aboTe  ores,  and  manufactured  in  Lamt. 

aJ.G.S.  No.138.  B 
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There  can  be  no  doubt  that  these  beds  have  been  formed  by  degra- 
dation of  the  mountaiDs ;  these,  as  has  been  stated,  consist  of  granitic 
rock,  in  which  the  tin-stone  associated  with  iron-ore  occurs  in  yeins. 

We  still  see  the  processes  at  work,  though  in  a  modified  form,  by 
which  deposits  have  been  spread  over  large  areas  during  long  periods 
of  time ;  and  the  rotting  trunks  of  trees,  with  other  remains  frequently 
met  with  in  the  workings,  tend  to  prove  that  some  of  the  deposito 
may  be  properly  called  **  recent." 

Sections  of  the  mines  show  that  the  strata  beneath  the  surface- 
soil  consist  of  alternating  bands  of  sand  and  dark  day  of  different 
colours,  the  latter  sometimes  being  largely  present.  These  strata 
appear  to  indicate  strong  current- action.  The  separate  fragments 
in  the  lowest  (or  tin-bearing)  layer  bear  clear  evidence  of  the  same. 

These  fragments  are  of  quartz,  felspar,  mica,  and  schorl ;  and 
among  these  are  occasionally  found  masses  of  clay,  most  of  which 
are  so  friable  as  to  crumble  to  pieces  when  touched.  In  some,  particles 
of  quartz  yet  remain  projecting  from  the  surface,  so  as  to  give  it  a 
regular  sbiated  aspect,  from  which  felspar  separates  as  a  white 
powder.  Many  of  the  more  solid  fragments  have  rounded  angles, 
and  are  evidently  derived  from  veins  such  as  still  occur  in  different 
parts  of  the  country. 

Beneath  the  tin-bearing  stratum  is  a  peculiar  white  clayey  substance 
which  becomes  friable  on  drying  and  is  called  "  Kong  tay  "  by  the 
Chinese.  This  is  sometimes  yellow,  sometimes  white  or  somewhat 
bluish.  It  consists  of  kaolin,  sometimes  mixed  with  fine  quarts- 
sand,  and  is  a  decomposition-product  of  felspar.  The  kong  has 
been  bored  to  a  depth  of  20  feet ;  but  nothing  except  this ''  porcelain 
clay,"  mixed  with  m(»re  or  less  quartz-sand,  has  been  found. 

Opinions  differ  as  to  whether  this  clay  invariably  underlies  the 
stanniferous  deposits.  In  the  Lamt  district  there  is  little  doubt 
that  it  does  generally^  the  only  exception  to  the  rule  being  where  the 
tin-stratum  rests  on  sandstone,  which,  however,  some  have  thought 
to  be  only  the  same  clay  with  a  large  admixture  of  the  quarts-sand 
already  mentioned. 

The  following  are  sections  of  stream-deposits  in  different  localities 
and  will  give  a  very  fair  general  idea  of  the  district : — 

L  ft.  in. 

Vegetable  mould , 1  3 

Loam    1  0 

Sand 4  0 

Bluiahday  ; 3  6 

Darkish  day    3  9 

Stratum  with  ore 6  0 

19    6 

n. 

Mould-soil    3  0 

Olav  Taryinff  from  dark  yellow  to  pale  grey  12  0 

light  grayelly  drill    3  0 

Stratum  with  ore    6  0 

24    0 
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m. 

ft.   in. 

Mould-Boil   4    0 

Sand  Tarying  from  white  to  brown  4    0 

Dark  grej  sand  ..., 6    0 

Stratum  with  ore    4    0 

Pipe-clay (?) 

18  0 

IV. 

Bedloam 2  0 

San^l  drift 6  6 

White  grey  day 4  6 

Blaok  clay  with  trunks  of  trees 2  0 

Stratum  of  ore 5  0 

Pipe-day (?) 

19  0 
V. 

Bedloam ft    0 

Sand  drift...... 6    9 

Whitish-grey  day  y\3 

Stratum  of  ore ^  ^K, 

Sandstone (?)     \ 

28    0 

VI. 

Bed  earthy  loam 5    0 

Whitish-grey  clay  3    6 

Driftsand 8    6 

Stratum  of  ore 8    0 

Sandstone (?) 

25    0 

Borne  idea  of  the  irregular  stratification  of  the  deposits  in  the  fin- 
field  may  be  obtained  from  the  fact  that  in  a  working  of  less  than 
100  feet  square  the  details  of  the  sections  of  each  of  its  sides  difiered, 
Uionghy  of  conrse,  there  was  a  general  similarity. 

The  depth  at  wbich  the  tin-gronnd  is  struck  depends  upon  position 
and  locality.  There  is  probably  no  working  at  a  greater  depth  than 
30  feet.  All  the  mining  in  Larnt  is  by  open  excavations.  A  mean 
derived  from  measurements  of  the  depths  of  43  mines  in  the  Ka- 
muntin  Section  gives  an  average  of  9*91  feet,  the  greatest  and  least 
depths  respectively  being  21  feet  and  4  feet.  The  greatest  known 
thickness  of  the  tin-stratum  is  10  feet.  The  mean  thickness,  from 
measurements  in  the  above  43  mines,  is  4*87  feet,  the  range  being 
from  2  to  7*6  feet.  The  spring-level  of  the  country  may  be  taken 
generally  at  a  depth  of  6  feet  below  the  snrface  of  the  ground. 

The  workings  cover  an  area  of  nearly  4  square  miles  of  country, 
affording  occupation  for  nearly  7000  labourers  (Chinese),  and  yield 
an  aggr^ate  '^  output "  of  about  13,000  bharas,  equivalent  to  52,232 
cwt.  of  tin  per  annum*.  The  industry  is  fast  developing  under  the 
British  rule  and  bids  fair  to  eclipse,  in  a  period  far  from  remote,  the 

*  The  ore,  when  smelted  (by  the  rude  natiye  process),  yields  from  60  to  62 
per  cent,  of  metaL 
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production  of  the  other  states  of  the  peninsula  and  islands  of  the 
archipelago. 

Discussion. 

Mr.  W.  W.  SMtTH  remarked  that  the  details  given  in  the  paper 
corresponded  closely  with  those  of  stream-works  in  other  localities. 
Information  on  such  Subjects  was  important  to  capitalists.  Large 
areas  of  alluvial  deposits  appeared  to  be  rich  in  tin-ore  in  many  places 
on  the  east  side  of  the  Bay  of  Bengal.  So  far  as  he  knew,  this  was 
the  first  description  of  tiie  region  of  Perak,  and  he  trusted  we 
should  have  more.  He  called  attention  to  the  association  here,  as 
in  Queensland  and  elsewhere,  of  tin  with  granite.  Mynheer  van 
Groot  had  informed  him  that  in  the  islands  of  Bellaton  and  Banka 
the  tin  was  associated  with  slaty  rocks  curiously  like  those  of 
Cornwall  and  Devon,  probably,  though  on  slight  fossil  evidence,  of 
Devonian  age. 

Mr.  J.  H.  Collins  remarked  that  the  similarity  mentioned  by  Mr. 
W.  W.  Smyth  extends  to  the  associated  minerals  also ;  for  wolfram 
and  g^bertite  were  abundant  in  the  specimens  on  the  table,  as  in 
the  stanniferous  granites  of  Cornwall. 
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18.  Note  on  PonuLOPLEimoH  BvcKLAin>i  of  Eudes  Deslonocbahps 
(pere),  idektipyino  it  with  Megalosaubxts  Bucklaio)!,  By 
J.  W.  HxjLKB,  Esq.,  F.R.S.,  F.G.S.    (Read  February  5,  1879.) 

[Platb  xn.] 

Ohe  difficulty,  and  not  the  least,  which  besets  the  student  be- 
ginning to  study  fossil  reptiles  is  the  great  embarrassment  occa« 
sioned  by  the  not  unfrequent  description  of  the  same  reptile  under 
different  names,  involying  the  worse  than  merely  useless  multi- 
plication of  genera  and  species.  Whereyer,  then,  the  identification 
of  a  newer  with  an  older  genus  can  be  established,  entailing,  as  it 
should,  the  abandonment  of  the  newer  generic  name,  it  is  to  be 
looked  on  as  a  positive  gain.  I  now  submit  to  the  criticbm  of  the 
Geological  Society  the  eyidence  which  appears  to  me  to  identify 
beyond  reasonable  doubt  PotkUopleuron  Bueklandi  of  Eudes  Des- 
longdiamps,  p^,  with  an  older  acquaintance,  Megalosaurus 
Bueklandi, 

The  literature  of  Poikilophuron  is,  fortunately,  not  extensive. 
The  following  list  comprises  all  the  principal  papers  relating  to  the 
genus  which  I  have  found,  arranged  according  to  priority  of  pub- 
lication : — 

I.  **  Memoire  sur  le  Poikilopleuran  Bucklandiy  grand  Saurion  fossile, 

interm^aire  entre  les  Crocodiles  et  les  Ldzards,  decouvert  dans 
les  carri^res  de  la  M aladrerie,  pres  de  Caen,  au  mois  de  juillet 
1835."  Par  M.  Eudes  Deslongohamps.  M^m.  de  la  Soc.  linn, 
de  Normandie,  vol.  vi.  p.  36,  pis.  ii.-viii.  (1838). 

II.  '^  Report  on  British  Fossil  Reptiles."  By  R.  Owen.     Brit.  Assoc. 

Report,  1841,  pp.  84-88. 
HI.  "  Contributions  to  the  Anatomy  and  Taxonomy  of  the  Dino- 

sauriaJ'    By  T.  H.  Huxley.     Quart.  Journ.  Gool.  Soc.  1869, 

xxvi.  pp.  28-34. 
IT.  PoikilopUuron  valeiis.     Contributions  to  the  Extinct  Vertebrate 

Fauna  of  the  Western  Territories.     Part  i.  pp.  279  and  338, 

pi.  XV.  figs.  16-18.     By  Dr.  J.  Leidy.     1873. 
y.  Poikilopleuron  pusillits.     Supplement  vii.  to  the  Monograph  on 

Fossil  Reptilia  of  the  Wealden  and  Purbeck  Formutions,  in 

PaL  Soc.  vol.  1876,  p.  1,  pL  i.     By  R.  Owen. 

The  remains  of  the  large  Saurian  which  Deslongchamps  re- 
covered from  building-materials  obtained  from  a  quarry  near  Caen, 
and  reooiistruoted,  after  months  of  patient  labour,  with  sufficient 
completeness  for  their  skeletal  determination,  comprised : — a  score  of 
vortebrsB  in  two  series,  all  caudal ;  a  humerus  and  two  bones,  which 
ho  regarded  as  radius  and  ulna  (but  which  a  comparison  of  his 
excellent  figures  of  them  with  metatarsals  of  Dinosaurs  clearly 
shows  to  belong  to  the  hind  foot) ;  parts  of  a  tibia  and  fibula ;  an 
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astragaloB  and  other  bones  of  fore  and  hind  feet ;  and  many  ribs, 
forming  a  costal  apparatus  of  singular  complexity,  which  suggested 
the  generic  name  Poikilopleuron,  For  a  long  time  Deslongchamps 
thought  these  remains  might  belong  to  Mtgaloiaurtu ;  but  after 
much  consideration,  the  weight  of  evidence  then  available  appeared 
to  hirn  adverse  to  this,  and  he  therefore  gave  his  Saurian  the 
distinctive  generic  name  Poikilopleuron,  attaching  to  it,  as  he 
distinctly  tells  us,  the  specific  name  Bueklandi,  the  same  as  the 
trivial  name  of  Megalosaurus,  in  order  that  if  foture  discoveries 
should  identify  it  with  this,  the  identification  would  involve  only 
the  suppression  of  a  generic  denomination. 

Deslongchamps  regarded  his  PoikilopUuron  as  holding  an  inter- 
mediate position  between  Crocodiles  and  Lizards.  Three  years  after 
the  publication  of  this  memoir*  Poikilopleuron  was  adopted  by 
Prof.  Owen,  and  placed  by  him  in  the  order  Grocodilia,  between 
Steneosaurus  and  Streptaspondylus  * ;  and  very  recently  thia 
eminent  palsDontologist  has  reaffirmed  this  position  on  the  evidence 
of  a  chain  of  vertebrae,  considered  by  him  to  indicate  a  small 
species  of  Poikilopleuron,  which  he  names  P.  pusillus^  in  the  col- 
lection of  the  Bev.  W.  Eozf.  As  this  chain  ahows  the  sacrum 
of  the  animal  to  have  consisted  of  two  vertebne,  the  same  as  in 
Crocodiles,  Prof.  Owen  considers  that  it  proves  the  Poikilopleuron  to 
have  been  a  Crocodile,  and  not  a  Dinosaur  as  Dr.  J.  Leidy  sug- 
gested, in  1873,  in  his  description  of  the  vertebrsB  assigned  by  him 
to  a  species  of  Poikilopleuron  which  he  named  P.  valenst'  In 
1869  it  had,  from  the  similarity  of  its  astragalus  to  that  of  Mega- 
losaurus,  been  placed  by  Prof.  Huxley  in  the  family  M^alosauridse 
of  the  order  Dinosauria. 

The  necessary  evidence  for  deciding  the  true  position  of  Dealong- 
ohamps's  Poikilopleuron  in  the  dass  Eeptilia,  and  also  for  solving  the 
question  of  its  individual  distinctness,  is  fortunately  to  be  found  in 
l^e  numerous  and  excellent  figures  he  has  left  us  of  its  remains. 
These,  fortunately,  comprise  very  exact  and  carefuUy  executed 
representations,  from  several  points  of  view,  of  some  of  the  test- 
bones  of  Dinosauria.  I  refer  particularly  to  the  tibia  and  astra- 
galus. Its  tibia,  represented  in  pi.  vii.  figs.  3,  4,  is  manifestly 
that  of  a  typical  Dinosaur ;  the  form  of  its  distal  end  is  too  plain  to 
admit  of  any  doubt  on  this  point.  The  subdivision  of  the  articular 
surface  of  this  end  of  the  shin-bone  into  an  inner  and  an  outer 
moitU^  with  their  surfaces  differently  inclined  and  so  adapted  to 
the  corresponding  hollows  in  the  upper  surface  of  the  astragalus  as 
to  be  incompatible  with  motion  between  these  bones  §,  the  pro- 
jecting angle  shown  on  its  postero-intemal  surface,  and  the  entering 
angle  depicted  in  its  antero-extemal  surface,  for  lodging  the  ascend- 
ing process  of  the  astragalus,  are  singly  and  collectively  known 

♦  Brit.  Fobs.  Eegt.  in  Brit  Assoc.  Bep.  1841,  pp.  84-88.    R.  Owen. 
t  *  Fobs.  Rept.  Wealden  and  Purbeck/ SuppL  vu.  p.  1,  pi.  1  (1876X  Pal.  Soc 
Tol.    B.  Owen. 

iBxtinot  Vertebrate  Fauna,  part  1,  pp.  279  and  388.    J.  Leidj. 
M^m.  oit.  pi.  yi.  fig.  7. 
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only  in  Bmoeauis,  and  have  not  yet  been  found  in  Crocodiles 
or  Lizards.  The  form  of  the  astragalus  is  so  thoroughly  Dinor 
saurian,  and  so  uolike  that  of  Crooodiles  and  lizards,  that  it  is 
unnecessary  for  me  to  do  more  than  refer  to  Deslongchamps's  most 
excellent  representations  of  it  in  pL  vi.  fig.  12,  and  pi.  yii.  figs.  19-22. 
I  believe  that  the  study  of  these  figures  of  Uie  tibia  and  astragalus 
cannot  fail  to  convince  the  reader  of  his  memoir  that  PoikilopUuron 
is  a  genuine  Dinosaur.  These  two  bones  also  agree  in  every 
essential  feature  with  the  same  bones  of  Megalosaurus  Bucklandu 
Of  the  astralagus  of  PoikHopleuron^  Prof.  Huxley  said,  in  the  paper 
quoted  in  the  list,  ''  it  is  altogether  like  that  of  Megalosaurus" 
This  statement  1  would  confirm,  and  I  would  add  that  it  is  easily 
distinguiiihable  £rom  the  astxagalus  of  the  other  European  Dinosanrs 
in  which  this  bone  has  been  determined.  It  is  right  to  add  that  the 
complete  form  of  the  astragalus  is  at  present  known  only  in 
Iguanodon  MarUeUi,  Hypsilophodon  Foxii,  and  Megalosaurus  Buck^ 
landu  The  perfect  adaptation  of  the  upper  surface  of  the  astra- 
galus to  that  of  the  diBtal  end  of  the  tibia  enabled  us,  however,  to 
correctly  infer  the  form  of  the  bone  in  those  Dinosaurs  in  which  it 
is  not  yet  known.  The  distal  end  of  the  tibia  of  Megalosaurus 
Bwcklandi  has  strong  characters  which  readily  distinguish  it  from 
that  of  Iguanodon  ManUlli^  MypsUqphodon  Foxii^  Hadrosaurus^ 
ffylceosaurus,  Folacanthus,  and  CeUosaunis.  The  peculiar  promi- 
nence and  sharpness  of  the  inner  lip  of  the  astragaloid  depression 
on  the  antero-extemal  surface  at  once  stamps  it  as  being  distinct 
from  the  tibia  of  all  the  Dinosaurs  just  mentioned,  and  this  stamp 
is  only  borne  also  by  the  tibia  of  PoikihpUuron. 

With  respect  to  the  vertebrae,  it  is  unfortunate  that  Deslong- 
champs's  twenty  were  all  caudal.  He  writes  (p.  75) : — "  The  an- 
terior and  posterior  faces  of  the  vertebrsB  are  slightly  concave,  and 
the  concavity  is  deeper  the  nearer  the  vertebrae  are  to  the  end  of 
the  tail."  In  the  vertebrae  of  the  first  series  the  body  is  nearly 
circular  at  the  two  ends  (pi.  vii.  fig.  14) ;  in  the  second  series  it 
more  approaches  an  oval  with  the  larger  diameter  vertical" 
(pi.  vii.  figs.  8,  9) ;  ''  the  border  for  the  attachment  of  the  outer 
layers  of  the  (interarticular)  fibro-cartilage  is  very  pronounced.'^ 
^^  The  middle  part  of  the  body  differs  in  the  two  series ;  it  is 
compressed  and  rounded  in  the  first  series,  so  as  to  present  not 
more  than  half  the  breadth  of  the  two  ends.  In  the  narrowest 
part,  at  the  junction  of  the  body,  is  a  wide  shallow  groove,  the 
upper  border  of  which  is  more  prominent  in  proportion  as  the 
transverse  process  (^ringing  from  it  is  longer."  '*  The  length 
of  the  body  is  to  its  greatest  breadth  as  3  :  2."  *'  The  body  in  the 
second  series  is  rather  triangular  than  rounded  in  the  middle,  and 
but  slightly  compressed."  **  In  both  series  the  body  of  the  ver- 
tebrae is  hollowed  by  a  large  medullary  cavity ;  the  spongy  tissue 
exists  only  at  the  ends."  '<  There  is  at  each  side  in  the  lateral 
groove  a  hole  for  the  passage  of  nutrient  blood-vessels." 

As  regards  the  outward  form  of  the  vertebrae,  especially  in  the 
first  series^  Deslongchamps's  description  and  figures  show  a  very 
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dose  resemblance  of  their  centrtim  to  that  of  the  acknowledged 
tronk-Tertebrse  of  Megalosaurut  Bucklandi,  allowance  being  made 
for  such  modification,  chiefly  redaction  of  complexity,  which  in 
every  yertebral  column  is  observed  in  passing  from  tronk  to  tail ; 
and,  further,  they  are  quite  applicable  to  caudals  of  Megalosaurut 
preserved  in  public  collections. 

With  its  characteristic  tibia  and  astragalus  not  distinguishable 
from  those  of  Megalosaurut  Bucklandi,  and  with  the  extreme  simi- 
larity of  the  form  of  the  vertebras,  what  grounds  exist  for  retaining 
the  genus  Foikilopleuron  ? 

The  distinctness  of  Poikilopleuron  has  been  affirmed  by  Prof.  Owen, 
partly  on  the  ground  of  the  greater  simplicity  of  its  vertebree  as  com- 
pared  with  those  of  Megalosaurus,  but  mainly  on  the  presence  of  a 
medullary  cavity  in  the  body  of  the  vertebne  in  Poikilopleuron^ 
which  he  did  not  find  present  in  a  caudal  of  Megalosaurus.  As 
regards  the  former  of  these  reasons,  the  caudals  of  Deslongchamps's 
Poikilopleuron  haVe  indubitably  a  simpler  figure  than  that  of  the 
trunk-vertebrse  of  Megalosaurus,  but  not  than  that  of  its  caudal 
vertebrffi ;  and  as  regards  the  second  reason,  unless  the  caudal 
ascribed  to  Megalosaurus,  in  which  no  medullary  cavity  was  found, 
was  discovered  in  such  association  with  other  undoubted  Megalo- 
saurian  remains  as  to  positively  identify  it  with  this  Dinosaur  (and 
this  is  not  mentioned),  I  would  suggest  that  the  determination  must 
be  held  to  be  one  of  probability  only,  since  in  the  caudals  of  Croco- 
diles and  of  the  carnivorous  Dinosaurs  a  strong  common  likeness 
exists.  Possibly  the  question  is  one  which  cannot  be  decided  by  the 
section  of  a  single  vertebral  centrum  of  uncertified  origin  from  a 
part  of  the  vertebral  column  where  generic  diaracters  are  less 
sharply  expressed.  That  there  should  be  a  medullary  cavity  in 
genuine  Mc^osaurian  caudal  vertebr®  would  not  be  improbable, 
since  in  the  neural  arch  in  trunk-vertebrae,  and  in  the  sacrum, 
medullary  cavities  were  noticed  by  the  late  Prof.  Phillips  in  type 
specimens  in  the  Oxford  University  Museum  *,  I  have  myself  seen, 
in  the  collection  of  G.  B.  Holmes,  Esq.,  a  fine  vertebral  centrum 
which  had  the  characters  commonly  assigned  to  trunk-vertebrs  of 
Megalosaurut,  and  in  which,  when  broken  across,  Mr.  Holmes 
found  a  laige  hollow  space  occupying  nearly  half  the  length  of  the 
centrum.  It  may  be  objected  that  this  was  actually  a  vertebra  of 
Poikilopleuron  and  not  of  Megalosaurut.  Conceding  such  a  mistaken 
detenmnation,  it  shows  how  extremely  alike  are  their  vertebras 
when  they  cannot  be  distinguished  by  their  figure. 

The  evidence  adduced  in  favour  of  the  generic  distinctness  of 
Poikilopleuron  is,  I  venture  to  submit,  so  weak  contrasted  with  that 
in  favour  of  its  identity  with  Megalosaurut  Bucklandi,  that  I  con- 
fidently expect  Deslongchamps's  generic  name  will  be  discontinued, 
and  Poikilopleuron  BuMandi  be  known  in  ftiture  as  Megalotaurut 
Bucklandi.  Had  Deslongchamps  himself  possessed  the  more  abun- 
dant material  for  a  comparison  of  the  Megalosaurian  skelet'On  with 
the  remains  of  his  Saurian  which  are  now  available,  and  had  the 

•  GeoLof  OzfordandThamesYaUey.bjrProf.  J.Phimpt,p.206,figB.2,S. 
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order  Dinosauria  been  then  known  as  we  now  know  it,  I  boUere  his 
sagacity  would  hare  quickly  seized  the  order  and  the  place  to  which 
his  Saurian  rightly  belongs.  He  knew  Megalosaurus  only  by  the 
poor  figure  of  its  sacrum  in  Cuvier's  ^  Ossemens  Eossiles,'  and  by 
teeth  which  he  mentions  had  boon  found  near  Caen.  I  may  add 
that  there  is  in  the  British  Museum  the  dbtal  end  of  the  tibia, 
probably  from  the  same  district.  It  once  formed  part  of  the  Tesson 
collection. 

Since  the  above  Note  was  written  and  sent  in,  Mr.  James  Parker, 
of  Oxford,  the  fortunate  possessor  of  a  magnificent  collection  of 
Megalosaurian  remains,  has  most  obligingly  i^orded  me  the  oppor- 
tunity  of  ascertaining  the  internal  structure  of  the  caudal  yertebral 
centrum  in  this  Saurian,  by  breaking  across  one  in  a  chain  of  several, 
which  by  their  close  association  with  other  indubitable  Megalo- 
saurian remains  (teeth,  limb-bones,  &c.)  in  which  they  were  found, 
as  also  by  the  close  correspondence  of  their  facies  with  these,  are 
undoubtedly  genuine  remains  of  this  Dinosaur.  In  the  interior  of 
this  caudal  centrum  is  a  large  medullary  cavity  (now  filled  with 
matrix),  as  in  the  reputed  caudals  of  Poilcilopleuron.  With  this 
stiuctural  agreement  the  last  alleged  skeletal  fict  in  support  of  the 
individuali^  of  Foiktlopleuron  disappears. 

From  Prof.  Morris,  to  whom  my  warm  thanks  are  due  for  in- 
formation most  kindly  given,  I  learn  that  some  difference  of  opinion 
exists  regarding  the  position  of  the  Calcaire  de  Caen.  D'Orbigny 
and  D'Archiac  regarded  it  as  the  equivalent  of  the  Great  Oolite, 
Deslongchamps  as  representing  the  Fuller's  Earth.  The  lists  of  fossils 
occurring  in  it,  however,  Prof.  Morris  writes,  contain  some  which 
in  this  country  and  elsewhere  are  referred  to  the  Inferior  Oolite. 

February  2, 1879. 


BXPLANATION  OF  PLATE  XIL 

Fig.  1.  Tibia  of  P6ikilopleuron.    Front  view  of  distal  end.    la.  Baok  of  same. 

2.  AstragaluB  of  Foikilopieuron,    Front  view.    This  and  fig,  1  form  pL  vii. 

f.  12  and  pi.  vi.  fig.  3  in  Deslongcbamps's  memoir. 

3.  Tibia  of  Megalo9aimu,    Front  Tiew.    Boyal  College  of  Surgeons. 

4.  Tibia  of  Ceteosaunu,    Phillips's  *  OeoL  of  Oxford.' 

5.  Tibia  of  Imanodon  MantdU,    Front  view.    Brit.  Mus. 

6.  Tibia  of  Uadromwrus,  Front  view.    From  Leidy's '  Cretaceous  Beptiles 

of  the  United  States.' 

7.  Tibia  of  HyUfotawrus.    Front  Tiew.    Brit.  Mus. 

8.  Astragalus  of  Iffuamdon.    In  the  collection  of  Dr.  B.  P.  Wilkins. 


Discussioir. 

Prof.  SsBLET  felt  disposed  to  doubt  from  the  diagram  whether  the 
spodes,  at  any  rate,  were  identical ;  still,  as  Mr.  Hulke  had  so  many 
opportunities  of  studying  the  specimen,  he  thought  the  identity  of 
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the  two  genera  might  be  leoeiTed.  The  tooth  fignred  aa  that  of 
PoikUopUuron  by  Deslongchamps,  he  thought,  belonged  to  Pliosaunu^ 
so  that  difference  did  not  militate  against  Mr.  Hulke.  Having 
regard  to  the  great  range  of  Megalosaurtis  from  Lias  to  Wealden, 
he  donbted  whether  different  species  had  not  been  referred  to  the 
one  M,  Bucklandi. 

Prof.  MoBRis  expressed  his  sense  of  the  value  of  the  paper,  and 
said  that  De  Blainville  had  expressed  a  similar  opinion  in  1852. 
Both  De  Blainville  and  Deslongchamps  refer  the  long,  conical  teeth 
figured  by  the  latter  to  PoikUopleuron.  The  geological  position  of 
the  deposits  was  interesting.  The  Calcaire  de  Caen  was  of  disputed 
position,  some  making  it  the  base  of  the  Great  Oolite,  others  the 
equivalent  of  the  Fuller*8  Earth.  It,  however,  contains  a  series 
of  fossils  not  found  in  the  Fuller's  Earth  of  this  country,  but 
characteristic  of  the  Inferior  Oolite.  The  Calcaire  de  Caen,  near 
Bayeux,  is  a  marly  limestone,  but  near  Caen  it  is  a  compact  lime- 
stone. The  Saurian  bones  come  from  a  small  band  not  much  more 
than  a  yard  in  thickness. 

Mr.  HvLKX  said  that  Deslongchamps  states  that  the  tooth  he 
figured  was  an  isolated  one ;  there  was  no  proof  that  it  was  PoikUo- 
jieuron ;  and  he  himself  quite  thought  it  was  a  Pliomurus  tooth. 
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19.  Nonscm  t^CoKBouDATSDBiAOHatPBRKAiCBVoo.   ByJ.  Glabxe 
Hawxshaw,  Esq.,  MjL.,  E.G.S.    (Bead  January  8, 1879.) 

The  narrow  ridge  of  rock  which  forms  the  seaward  protection  of  the 
harhour  of  Pemambuco,  and  which  appears  to  be  the  remains  of  a 
consolidated  beach  laid  bare  by  the  slow  upheaval  of  the  coast,  has 
become  almost  as  well  worn  a  subject  of  discussion  as  the  parallel 
roads  of  Glen  Boy.  A  drawing  was  given  of  it  in  a  Dutch  work* 
as  early  as  1624,  and  many  travellers  have  since  described  and 
figured  it  in  their  works.  It  has  been  called  a  coral  reef,  and  has 
been  described  as  consisting  probably  of  cretaceous  rocks,  and  it 
was  not  until  after  Mr.  Darwin  had  visited  it  in  1836  that  its  true 
nature  was  pointed  out  by  him  in  a  short  account  printed  in  the 
^London  and  Edinburgh  Philosophical  Magazine'  for  1841. 

The  late  Prof.  Hartt,  who  has  added  so  much  to. our  knowledge  of 
the  coast  of  Brazil,  confirms  Mr.  Darwin's  view  as  to  the  nature  of 
tiie  reef,  and  describes  several  similar  formations  at  various  points 
along  the  coast  f.  At  Porto  Seguro  there  is  a  consolidated  beach 
very  similar  to  that  at  Pemambuco ;  there  is  also  one  at  Santa  Cruz. 
The  stone  reef  shown  on  the  chart  at  the  mouth  of  the  Bio  Grande 
do  Norte  appears  to  be  a  consolidated  beach,  and  patches  of  beach 
rodk:  occur  at  other  places ;  I  saw  some  undermined  by  the  sea  along 
the  rocky  coast  north  of  Bahia. 

In  1874  I  examined  the  beach  at  Pemambuco  ;  and  in  the  course 
of  some  investigations  made  for  Sir  John  Hawkshaw  in  the  following 
year  for  a  report  to  the  Brazilian  Government  on  the  Port  of  Per* 
nambuco,  a  number  of  borings  were  made  in  the  neighbourhood  of 
the  reef.  Some  of  these  passed  through  the  reef  itself,  and  they 
tend  to  complete  our  knowledge  as  to  its  extent  laterally  and  beneath 
the  surface. 

Section  apposite  the  Marine  Arsenal,  Pemamhueo,  at  right  angles  to  the  "  Jte*/," 
(Horizontal  scale,  1  inch  =  600  feet.     Vertical  scale,  1  inch  ss  100  feet>) 


Bula  9f  Sand  ACla^ 

Dillerenoe  between  high  and  low  water,  ordinary  spring-tides,  7*3  feet  (2'27  metres). 

Briefly  described,  the  consolidated  beach  (see  fig.)  consists  of  a 
ridge  of  sandstone  from  25  to  75  yards  broad,  and,  as  shown  by  the 
bonngs,  from  10  to  13  feet  thick.  The  surface  of  the  rock  has  a  gentle 
dope  towards  the  sea,  the  higher  or  landward  edge  being  at  the 

*  •  Beys-boeck  van  het  Bycke  Brasilien :'  see  •  Geology  and  Physical  Qeoffraphv 
of  Brazil,'  by  0.  F.  Hartt  p.  434.  r. 
t  lb.  pp.  188,  189,  232.  i  a. »  .    ,v      ^* 
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Bamo  leTol  as  the  high  water  of  ordinary  spring-tides  opposite  tho 
Arsenal  quay,  falling  from  2  to  3  feet  below  that  level  towards  the 
lighthouse.    Along  &e  outer  or  sea  face  lie  large  blocks  of  the  sand- 
stone  which  have  broken  off  as  the  reef  has  been  undermined  by  the 
surf.     The  river  flows  along  the  inner  or  land  face  with  a  velocity 
at  tho  ebb  during  spring-tides  of  from  five  to  six  knots  an  hour,  and 
the  bottom  deepens  rapidly  from  this  face,  there  being  a  depth  of 
28  feet  at  low-water  spring-tide  at  a  distance  of  60  feet  from  the 
rock.     The  rise  of  the  tide  at  ordinary  springs  is  7  feet.     Shells  stdll 
preserving  their  colour  and  rounded  quartz  pebbles  are  scattered 
sparingly  throughout  the  rock.    The  surface  is  in  great  part  covered 
by  a  growth  of  SerpulcB^  Balani^  &c.,  and  a  calcareous  coating  de- 
scribed at  length  by  Mr.  Darwin.     The  rock  is  very  hard,  yet  the 
pebbles  which  project  in  places  unprotected  by  the  organic  covering 
show  that  it  has  been  worn  away  by  the  action  of  the  sea-water 
chained  with  sand.     The  organic  covering,  although  softer  than  the 
rock,  may  be  better  able  to  resist  this  abrading  action.    A  piece  of 
lace  when  laid  on  the  surface  of  a  piece  of  glass  will  effectually  pro- 
tect the  glass  from  the  disintegrating  action  of  the  sand-blast  machine, 
the  result  being  that  the  pattern  of  the  lace  will  be  faithfully  repro- 
duced on  the  glass. 

The  surface  of  tho  rock  is  marked  by  grooves,  which  have  been 
described  by  Mr.  Darwin*   as  follows: — ."There   are  also  many 
siuuous  cavities  2  or  3  inches  in  width  and  depth,  and  from  6  inches 
to  2  feet  in  length.    The  upper  edges  of  these  furrows  sometimes 
slightly  overhang  their  sides ;  they  end  abruptly,  but  in  a  rounded 
form.     One  of  the  furrows  occasionally  branches  into  two  arms,  but 
generally  they  are  nearly  parallel  to  each  other,  and  placed  in  lines 
transverse  to  the  beach  sandstone  ridge.    I  know  not  how  to  account 
for  their  origin,  without  they  are  formed  by  the  surf,  as  it  daily 
breaks  over  the  bar,  washing  to  and  fro  pebbles  in  depressions 
originally  only  slight.     Opposed  to  this  notion  is  the  fact  that  some 
of  them  are  Imed  with  numerous  small  living  ActtneceJ^   I  think  the 
explanation  suggested  above  as  to  the  origin  of  the  grooves  is  tho 
true  one,  but  that  they  were  formed  under  different  conditions  of 
the  reef,  that  is,  when  the  surface  was  at  a  lower  level  than  at 
present,  so  that  the  surface  of  the  rock  was  in  one  piano  with  the 
surface  of  the  foreshore.     Under  the  present  condition  the  pebbles, 
which  are  not  abimdant  on  the  rock,  would  not  remain  long  on  the 
surface,  and  the  action  of  the  surf  broken  by  the  rough  edge  and 
fallen  blocks  on  the  seaward  face  would  be  very  irregular.     On  the 
foreshore  at  Dover  I  have  noticed  grooves  of  a  similar  description  in 
the  surface  of  the  chalk  which  has  a  regular  slope  from  tho  base  of 
the  cliff  to  low- water  mark.    These  may  be  seen  below  the  Castle 
Cliff  to  the  eastward  of  the  last  groyne  in  that  direction.     Beyond 
this  groyne,  which  is  a  very  high  one,  forming  a  jetty  raised  above 
high-water  mark  for  a  great  part  of  its  lengUi,  the  foreshore  prc- 

*  Phil.  Mag.  vol.  xix.  1841,  p.  258,  and  reprinted  in  Appendix  to  Darwin's 
•  Coral  Beeft,*  2nd  edit. 
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senta  a  very  remarkable  appearance  when  seen  at  the  time  of  low 
water.  The  whole  of  the  surface  between  high-  and  low-water 
mark  is  scored  by  a  series  of  grooves  parallel  to  the  direction  of  the 
groyne  and  transverse  to  the  shore-line.  The  shore  is  bare  of  shingle ; 
bat  pebbles  are  to  be  fonnd  here  and  there  along  the  bottom  of  the 
grooves,  and  there  is  a  sprinkling  of  shingle  abont  a  yard  in  width 
along  the  side  of  the  groyne  and  along  the  base  of  the  difP.  The 
grooves  on  the  higher  part  of  the  foreshore  are  from  2  to  2j^  feet 
deep  and  abont  a  foot  wide  ;  but  lower  down  the  foreshore  they  soon 
diminish  in  size,  and  do  not  vary  mnch  over  the  greater  part  of  it, 
being  from  4  to  5  inches  wide,  and  from  4  to  8  inches  deep.  They 
are  narrower  towards  the  bottom,  which  is  rounded  and  hollowed 
out  more  in  some  parts  than  in  others.  They  branch  into  one 
another  in  places  like  those  at  Pernambuco.  Though  they  are 
generally  only  a  few  inches  apart,  occasionally  there  is  a  greater 
width  of  chalk  between  them ;  and  this  is  generally  marked  by  an 
incipient  groove  a  foot  or  two  long  with  rounded  ends,  as  if  a  piece 
of  dialk  had  been  irregularly  scooped  out  with  a  gouge.  The 
grooves  diminish  in  number  eastward  of  the  groyne ;  and  I  have 
not  noticed  a  similar  appearance  of  the  foreshore  elsewhere,  though 
grooves  occur  all  along  the  foreshore,  but  at  rare  intervals,  and  are 
caused  in  many  cases,  I  fancy,  as  much  by  the  flow  of  land-water 
from  the  base  of  the  cliff  as  by  the  action  of  the  waves  on  the 
shingle.  I  can  only  attribute  the  presence  of  the  grooves  in  such 
numbers  at  the  above  place  to  the  regular  action  of  the  wash  of  the 
sea  on  a  small  supply  of  shingle,  the  groyne  acting  as  a  guide  to  the 
waves,  and  also  intercepting  the  west  to  east  dnfb  which  prevails 
along  the  coast. 

It  will  be  seen  from  the  borings  made  at  Pernambuco  that  there 
is  another  layer  of  rock  about  8  or  9  feet  vertically  below  the  present 
ridge  (see  ^.  p.  239).  This  rook  was  met  with  in  two  of  the  borings 
through  the  reef  at  depths  of  13  and  16  feet  below  low  water  of 
spring-tides.  Bock  is  again  met  with  in  the  same  line,  and  at  a 
depth  of  from  16  to  19  feet  below  low-water  spring-tides,  at  the 
Barra  Grande,  about  a  mile  to  the  north  of  the  lighthouse,  which  is 
built  on  the  northern  end  of  the  reef.  Eock  was  not  met  with  else- 
where in  any  of  the  borings  made  in  the  neighbourhood  of  the  reef*. 
It  would  therefore  appear  possible  that  there  is  another  ridge  of 
rock  running  at  a  lower  level  on  the  Hne  of  the  ezistbg  reef.  Can 
this  be  a  consolidated  beach  of  older  date?  The  difficulty  in  the 
way  of  such  a  conclusion  is  that  it  would  imply  a  recent  depression 
in  the  level  of  the  land,  of  whidi,  I  believe,  there  is  no  other  evi- 
dence. On  the  contrary  there  are  conclusive  signs  that  the  coast  has 
recently  risen  in  level,  and  that  the  southern  part  of  the  continent  has 
been  slowly  rising  for  a  long  period  of  time.    It  would  be  remarkable, 

*  One  other  boring,  made  in  deep  water  near  the  reef,  touched  on  rock  near 
the  surface;  but  as  no  rock  was  met  with  in  another  boring  made  near  tho 
same  place,  the  rock  met  with  in  the  first  instance  was  probably  a  block  detached 
from  the  reef. 
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moreoyer,  that  at  two  periods,  separated  by  the  time  required  to 
change  the  level  of  the  coast  by  the  amount  recorded  in  the  yo^cal 
distance  between  the  layers  of  rock,  the  conditions  required  to  pro- 
duce the  consolidated  beiEkch  should  have  obtained  in  the  same  place. 

The  cementing  material  of  the  Pemambuco  rock  is  carbonate  of 
lime.  The  rock  is  very  hard,  and  when  freshly  broken  it  has  a 
vitreous  look.  This  is  in  a  measure  owing  to  the  grains  of  quarts 
which  with  an  occasional  grain  of  magnetic  iron  ore  make  up  the 
whole  of  the  residue  after  the  carbonate  of  lime  has  been  removed 
by  add,  being  scarcely  rounded,  but  having  the  original  vitreous 
surface  which  they  had  when  first  liberated  by  the  decomposition  of 
the  felspar  in  the  gneiss  from  which  they  were  derived. 

On  many  parts  of  the  coast  of  Brazil  long  ridges  of  sand  occur, 
separated  from  the  land  by  lagoons.  The  percolation  of  land^water 
charged  with  carbonic  acid  derived  from  the  decayed  vegetable 
matter  in  these  lagoons  through  the  sand  ridges  will  account  for 
the  formation  of  the  beach-rock,  the  water  taking  up  and  again 
depositing  the  carbonate  of  lime  of  the  shells  imbedded  in  the  sand. 
The  flood-level  of  the  lagoon- water  would  determine  the  level  of  the 
upper  surface  of  the  beach- rock ;  and  that  of  the  lower  surface 
would  be  determined  by  the  cessation  of  the  consolidating  action  at 
the  level  at  which  the  sand  was  saturated  by  sea-water — that  is, 
almost  low-water  level.  Thus  the  regularity  of  the  form  of  these 
reefs  mav  be  explained. 

Consoudated  beaches,  however,  occur  in  localities  where  there  is 
little  or  no  vegetation  or  land- water,  as  on  the  shore  of  the  Red 
Sea,  where  I  have  seen  beach-rock  enclosing  recent  shells.  So  also 
on  the  Great  Barrier  reef,  on  the  north-east  coast  of  Au8t^alif^  con- 
solidated beaches  are  frequently  met  with.  The  sand  is  there  often 
wholly  calcareous,  and  when  consolidated  forms  a  very  tough  rook, 
which  has  been  described  by  the  late  Prof.  Jukes  in  his  account  of 
the  voyage  of  the  *  Fly'*.  He  attributes  the  formation  of  the  rock 
on  the  coral  reefs  to  the  action  of  rain-water  dissolving  the  carbo- 
nate of  lime  in  the  upper  layer  of  coral  sand  and  redepositing  it 
lower  down,  the  deposition  ceasing  at  the  level  where  the  sand 
became  saturated  with  sea-water.  Prof.  J.  D.  Dana,  who  describes 
the  consolidated  beaches  which  occur  on  many  coral  islands  in  the 
South  Seas,  attributes  t  the  consolidation  to  the  alternate  wetting 
and  drying  of  the  sand  by  the  rise  and  fall  of  the  tide,  the  carbonate 
of  lime  being  taken  up  by  the  sea-water  and  redeposited  as  the 
water  evaporates.  On  some  islands  he  noticed  pebbles  of  basalt 
on  the  shore,  each  of  which  was  coated  with  a  white  layer  of  carbo- 
nate of  lime.  Mr.  Darwin  saw  somewhat  similar  deposits  on  the 
Island  of  Ascension  $.  Prof.  Dana  also  describes  some  drifb-sand 
rocks  on  coral  islands  where  hills  of  blown  sand  have  been  more  or 
less  consolidated  by  the  agency  of  infiltrating  water,  ''fresh  or 
salt.'' 


*  'Voyage  of  H.M.S.  Hy/  vol.  i.  p.  128. 
t  '  Oorab  and  Ooral  Islands,'  p.  152. 


t  *  Voyage  of  the  Beagle,'  p.  588, 
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l>emg  enormously  long  and  their  eyes  much  larger  than  in  those  found 
in  the  sea.  The  water  in  these  pools  was  opaque,  which  might 
have  led  to  the  ahove  singular  differences. 

The  PsEBinKNT  asked  if  the  author  had  ascertained  the  amount  of 
carbonate  of  lime  in  the  consolidated  rocks. 

The  AiTXHOB  stated  that  he  could  not  give  the  amount ;  but  the 
cementing  material  in  the  specimens  examined  was  wholly  calca- 
reous. Liais  states  that  the  cementing  material  in  some  of  the 
beaches  is  partly  calcareous  and  partly  siliceous. 
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20.  On  the  Tbiabsig  Rocks  of  I^obmajstdy  and  their  Eicvibonmrkts. 
By  W.  A.  E.  UasHER,  Esq.,  F.G.S.    (Read  May  22,  1878.) 

iNTKODirCnON. 

Mb.  Yioabt's  iodefatigable  zeal  in  the  collection  of  specimens  has 
atlTacted  mnch  attention  to  the  lithological  characters  and  fossil 
contents  of  the  Budleigh  pebbles.  Being  so  different  from  those 
exhibited  by  Deyonshire  rocks  (within  the  present  limits  of  the 
conntay),  the  attention  of  geologists  was  divided  between  certain 
qnarfczites  on  the  sonth  coast  of  Cornwall,  at  the  instigation  of  Mr. 
Peadi,  and  the  Gres  de  May,  advocated  by  Mr.  Salter,  as  the  pro- 
bable source  of  the  pebbles.  Mr.  Davidson,  however,  subsequently 
pointed  out  the  preponderance  of  Devonian  forms  in  the  pebbles ; 
with  his  arguments  and  the  inferences  therefrom  deduced  I  have 
dealt  elsewhere*.  It  suffices  here  merely  to  state  that  the  settle- 
ment of  this  vexed  question  induced  me  to  spend  part  of  my  vacation 
in  Normandy,  after  a  careful  perusal  of  M.  Bonissent's  excellent 
and  exhaustive  memoir  on  the  Geology  of  La  Manchof;  and  that, 
from  a  footnote  to  Mr.  Salter's  paper  citing  Mr.  Godwin-Austen  as 
to  the  occurrence  of  a  similar  Triassic  quartzite  gravel  in  Normandy, 
and  from  the  personal  observations  of  my  friend  Mr.  Linford  to  the 
same  effect,  I  was  under  the  impression  that  the  Norman  area  not 
only  formed  the  south-eastern  margin  of  our  Devonshire  Triassic 
basin,  but  that  it  would  also  furnish  a  sequence  of  deposits  equi- 
valent to  the  Upper  and  Lower  Keuper  of  Devon,  and,  owing  to 
the  proximity  of  quartzite  rocks,  would  probably  afford  a  much 
greater  development  of  the  quartzite  gravels  which  heralded  the 
formation  of  the  Keuper  in  South  Devon. 

M.  Bonissent  is  dead,  as  I  learned  on  my  arrival  at  Carcntan,  so 
that  I  was  unable  to  obtain  any  assistance  in  the  investigation; 
and  this  was  the  more  distressing  as  I  am  compelled  on  general 
grounds  to  dispute  a  very  material  observation  made  by  him  as  to 
the  occurrence  of  Gr^s  bigarr^  (Bunter)  at  Montebourg.  Limited 
time  made  my  own  observations  so  imperfect  that  I  should  have 
hesitated  to  question  any  assertion  made  by  M.  Bonissent,  were  it 
not  that  in  tlus  instance  the  absence  of  any  corroborative  statement 
renders  the  matter  an  open  question  for  solution. 

In  the  following  pages  I  shall  have  occasion  frequently  to  quote 
M.  Bonissenfs  work,  which  remains  a  marvel  of  persevering  energy, 
doee  observation,  and  exhaustive  detail.  Nor  is  it  extraordinary 
that  amidst  so  vast  a  field  of  labour,  the  fragmentary  exposures  of 
the  Triassic  rocks  of  La  Manche  should  be  relegated  to  so  small  a 
space  as  six  pages  (pp.  267-272).    What  I  shall  endeavour  to  prove 

*  Trans.  Der.  Aseoo.  for  1877,  p.  224. 

t  "Beeai  GMologique  but  le  B^partement  de  La  Manche."  Extrait  des  M^- 
HKnres  de  la  Soci£ti§  des  Sdenoes  Naturelles  de  Cherbourg  et  d'Avranches. 

Q.J.G.S,  No.  138.  8 
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in  this  paper  may  be  succinctly  stated  in  the  four  following  pro- 
positions : — 

1.  That  the  Triassic  rocks  of  Normandy  are  a  south-easterly  pro- 
longation of  the  Devon  and  West-Somerset  area,  and  bear  somewhat 
the  same  relation  to  it  as  the  Marls  and  Dolomitio  Conglomerate  of 
the  Mendip  area. 

2.  That  Keuper  deposits  alone  are  represented  in  Normandy,  and 
apparently  only  the  upper  stage  of  that  division. 

3.  That  from  the  foregoing  considerations  &c.  there  are  strong 
grounds  for  concluding  that  fragments  of  the  Norman  palieozoic  rocks 
were  never  incorporated  in  the  Triassic  strata  of  Devonshire. 

4.  That  the  constitution  of  the  coasts  of  Normandy,  Devon,  and 
Cornwall  is  such  as  to  justify  the  belief  that  varieties  of  Cambrian, 
Silurian,  Devonian,  and  granitic  rocks  formed  the  bed  of  the 
Triassic  waters  in  the  area  now  occupied  by  the  English  Channel, 
and  that  to  these  sources  fragments  in  the  Trias  of  Devon,  foreig^i 
to  its  soil,  are  to  be  attributed. 

The  grounds  on  which  I  venture  to  propound  these  st^atements 
being,  in  many  instances,  common  to  more  than  one  of  them,  it  is  not 
possible  in  every  case  to  deal  with  the  evidence  for  the  propositions 
seriatim,  without  including  under  one  head  arguments  applicable  to 
others. 

First  Proposition. 

The  first  proposition  does  not  admit  of  positive  proof,  but  is  pnt 
forth  on  the  strength  of  certain  considerations  and  analogies,  as 
follows: — First.  The  thickness  of  the  Trias,  with  few  local  ex- 
ceptions, steadily  increases  from  the  Mendip  area  southward  till  its 
maximum,  so  far  as  can  be  observed,  is  attained  on  the  South-Devon 
coast ;  so  that  it  is  likely  that  the  prolongation  of  the  formation 
would  exhibit  a  still  greater  development  in  the  area  of  the  English 
Channel. 

Secondly.  Fragments  derived  from  sources  foreign  to  Devon  and 
Somerset  appear  in  the  gravelly  beds  of  the  Trias  near  the  southern 
shores  of  the  former  county,  preponderating  at  the  expense  of  local 
materials  frx>m  about  twen^  miles  inland,  till,  on  reaching  the  sea- 
board, a  maximum  increase  is  exhibited.  This  seems  to  favour  the 
idea  that  Triassic  sediments  not  only  extended  far  into  the  Channel 
area,  but  were  there  to  a  great  extent  formed  from  rocks  different  in 
character  from  those  met  with  in  Devon,  and,  in  some  cases,  of  older 
date  than  any  to  be  found  in  the  south-western  counties.  As,  from 
the  Budleigh-Salterton  pebbles,  we  must  conclude  that  Silarian  and 
Devonian  quartzites  (and,  not  improbably,  Cambrian  strata)  fur- 
nished material,  either  directly  or,  in  part,  in  the  form  of  palaeozoic 
conglomerates  *,  one  not  unnaturally  turns  in  the  direction  of  the 
nearest  land  where  similar  rocks  occur,  not  necessarily  in  the  hope 
of  finding  a  direct  source,  but  of  obtaining  indices  of  the  proximity 
of  similar  sources  in  the  bed  of  the  intervening  Channel.     Hence, 

*  Mr.  H.  B.  Woodward  suggests  that  a  conglomerate  of  Devonian  age  would 
furnish  the  requisite  material. 
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finding  some  rockB  in  It'ormandy  identical  in  lithological  characters, 
and  accompanied  by  beds  of  Triassic  age,  I  am  led  to  infer  that  the 
Triaasio  strata  of  France  and  England  were  connected,  and  that 
the  French  Pabeozoic  rocks  stretched  far  into  the  Channel  from  the 
Norman  coast. 

Thirdly.  As  the  Mendip  area  acted  as  a  barrier  between  the  mid- 
land and  south-western  counties  until  the  Upper  Eeuper  waters  of 
both  were  united,  there  is  no  reason  for  supposing  that  a  similar 
extension  may  not  have  caused  the  union  of  the  Trias  of  England 
and  France,  even  though  a  barrier  existed  in  Normandy  representing 
tiie  extreme  south-eastern  margin  of  the  English  Trias.  Points  of 
analogy  are  furnished  by  the  local  variations  of  the  attenuated  sedi- 
ments in  both  areas,  namely,  in  the  Dolomitic  Conglomerate  of  the 
Mendipe  and  the  small  quartzite  gravels  of  Normandy. 

Second  Proponiion. 

The  second  proposition  brings  me  to  the  facta  of  this  paper, 
namely,  the  actual  nature  of  the  Norman  Trias  and  its  environments. 
I  shall  only  deal  at  length  with  the  department  of  La  Manche,  as 
the  major  part  of  the  Trias  is  contained  within  its  limits,  and  as 
the  same  rocks  in  Calvados,  directly  subjacent  to  the  Inf r alias ^ 
and  dotted  by  its  outliers,  would  furnish  very  little  additional 
evidence. 

La  Manche  is  divided  into  two  distinct  physical  regions : — The 
Bocage,  a  plateau  between  Granville  and  YiUedieu,  from  490  to  650 
foet  above  the  sea,  formed  of  granitoid  rocks,  grits,  and  diverse  schists, 
stretching  to  the  north  of  the  peninsula ;  and  the  Cotentin,  only  from 
80  to  100  feet  above  the  sea,  which  includes  the  rich  country  between 
Valognes  and  Le  Petit  Vey,  called  "the  Gulf  of  Cotentin,"  where 
formations  from  the  Coal-measures  up  to  Eecent  beds  are  found  resting 
on  more  ancient  rocks  whose  summits  may  be  seen  here  and  there*. 

^'  The  secondary  area  is  bounded  on  the  east  by  the  sea,  on  the 
north  by  Cambrian  and  Devonian  rocks,  on  the  west  by  Devonian, 
Silurian,  and  (in  one  place)  Carboniferous  strata,  and  on  the  south 
by  Cambrian  rocks ;"  **  it  is  composed  of  Triassic,  Liassic,  Cretaceous, 
Tertiary,  and  Recent  formations  t,"  to  which  we  may  add  the  Oolites 
of  Calvados.  In  La  Manche  the  Secondary  area  may  be  roughly 
estimated  at  380  square  miles;  of  this,  however,  a  considerable 
portion  consists  of  alluvial  flats ;  and  the  Triassic  rocks,  where  un- 
covered by  the  Infralias,  are  seldom  visible,  owing  to  the  thickness 
and  extent  of  the  diluvium ;  the  Triassic  districts  lie  towards  the 
north,  west,  and  south  of  the  Secondary  area,  and  extend  nearly 
as  far  as  Bayeux  in  the  department  of  Calvados.  The  Trias  is  com- 
poflod  of  quutzite  gravels  and  conglomerates,  sandstones,  rock-sand, 
and  marls.  The  distribution  of  these  components  seems  to  have 
been  much  influenced  by  proximity  to  local  and  variable  sources  of 
supply.  The  absence  of  any  detailed  section  of  the  deposits  from 
top  to  base  renders  even  the  assignment  of  a  general  order  of  suc- 

*  Boniasent,  op.ott.  p,  6.  t  Rid,  p.  264. 
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cession  doubtful.  In  La  Manche  gravels  and  sandstones  seem  to  be 
generally  uppermost. 

Conmicncing  in  the  north  of  the  district  with  Yalognes  as  a 
starting-point,  the  succeeding  sections  will  show  how  inconsiderable 
is  the  thickness  of  the  Trias  in  that  part  of  the  area. 

Section  I.  (fig.  1).  From  Valognes  by  Huberville  and  St.  Martin 
d'AudouTille  to  Crasville. — The  town  of  Valognes  is  situated  on  Infira- 
lias  limestones,  exposed  in  quarries  in  some  places  to  a  depth  of  40  feet. 
The  first  valley,  crossing  the  road  along  which  the  section  is  taken, 
exposes  whitish  sand  under  greenish  marl,  mottled  with  red,  overlain 
by  Infralias,  which  appears  to  be  the  subsoil  nearly  as  far  as  the  turn- 
ing to  St.  Germain-de-Toumebut.  In  quarries  near  Huberville  the 
Pecten-valoniensis  beds  are  present ;  Hie  rock  presents  a  somewhat 
concretionary  structure  and  rubbly  bedding ;  it  is  overlain  by  dilu- 
vium 10  feet  thick,  consisting  of  drab  and  brown  sandy  clay,  with 
occasional  quartzite  pebbles  and  fragments  of  the  subjacent  rock. 
Another  set  of  quarries,  further  east,  show  5  feet  of  similar  diluvium 
on  8  feet  of  Infralias,  composed  of : — 

1.  Thin  rubbly  limestones  overlain  by  diluvium. 

2.  Whitish  and  grey  limestones. 

3.  Grey  shaly  clay  and  tough  impure  yellowish  and  grey  lime- 

stones. 
The  beds  appear  to  be  horizontal.  Pecten  valontensis  is  present. 
The  next  vaUey  toward  St.  Germain-de-Toumebut  may  have  been 
cut  through  to  the  Trias,  if  traces  of  greenish  and  bluish-grey  day 
can  be  taken  as  evidence  of  the  proximity  of  that  formation.  Kear 
the  turning  to  St.  Germain-de-Toumebut,  gravel  of  quartzite  and 
grit  pebbles  in  coarse  yellowiBh-brown  sand,  apparently  in  part 
composed  of  flint,  covers  the  surface ;  toward  St.  Martin  d'Audouville 
this  gravel  gives  place  to  gravel  of  irregular  quartzite  and  quartz 
pebbles,  generally  small,  but  occasionally  of  fair  size,  in  coarse  yel- 
lowish-brown sand,  in  parts  of  which  the  pebbles  are  very  sparsely 
disseminated.  The  distribution  of  these  materials  is  as  perfect  an 
index  of  bedding  as  that  exhibited  by  many  of  the  pebble-bed  sections 
in  Devonshire. 

I  regard  the  bedded  gravel  as  Triassic,  and  that  previously  men- 
tioned as  composed  of  redistributed  material,  for  the  following  reasons : 
— First.  Silurian  quartzites  are  exposed  at  the  surface  not  far  to  the 
southward,  and  pebbles  of  quartzite  occur  in  the  drifts  covering  the 
Infralias,  which  are  probably  represented  by  the  first-mentioned 
gravel  near  St.  Germain-de-Toumebut.  Secoudly.  The  bedded  gravel 
occurs  in  a  place  where  Trias  might  be  expected ;  for,  had  the  Infra- 
lias continued  beyond  the  turning  to  St.  Germain-de-Toumebut,  one 
would  expect  to  find  less  quartzite  and  more  local  fragments  in  the 
overlying  drifts.  Thirdly.  From  the  proximity  of  Silurian  quart- 
zites the  Triassic  beds  might  naturally  be  expected  to  take  the  form 
of  gravels,  and  the  drift  upon  them  to  be  largely  composed  of  their 
redistributed  materials,  as  if  directly  derived  from  the  Silurian  the 
pebbles  would  be  less  worn. 

By  the  Chemin  Yicinal,  south  of  St.  Martin  d'Audouville,  gravel 
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(apparently  a  rediBtribution  of  the  Trias)  is  overlain  by  coarse  buff 
quartzose  sand,  with  patches  of  blmsh  lead-coloured  clay  in  places. 
The  whole  seems  to  attain  a  thickness  little  short  of  100  feet.  The 
clay  may  have  resulted  from  the  destruction  of  Infraliassic  outliers. 

On  ascending  the  hill  from  St.  Martin  d*Audouville  toward  Octe- 
ville  a  similar  dark-coloured  clay  is  irregularly  associated  with  sand 
and  gravel,  the  whole  being  overlain  by  brownish  earthy  diluvium 
covering  the  high  ground.  These  deposits  appear  to  me  to  represent 
the  Diluvium  gris  and  rouge  respectively. 

Toward  Octeville,  with  the  descent  of  the  ground,  a  yeUowish- 
brown  quartzite  gravel  makes  its  appearance,  being  exposed  near 
the  village  to  a  depth  of  10  feet.  Proceeding  from  Octeville  (la 
VeneUe)  to  Crasville,  similar  quartzite  gravel  associated  with  sand 
is  exposed  to  a  depth  of  15  feet ;  on  the  further  side  of  the  valley 
the  gravel  is  associated  with  buff  sand,  and  seems  to  rest  on  the 
Palffiozoio  rocks  which  are  exposed  in  quarries  at  Crasville  and  at 
about  a  quarter  of  a  mile  to  the  north  of  it.  From  the  presence  of 
an  Infraliassic  outlier  at  Octeville*,  I  regard  these  gravels,  as  well 
as  those  near  St.  Martin  d'AudouviUe,  as  the  uppermost  beds  of  the 

Trias. 

By  the  road  leading  south-east  from  Octeville,  within  a  quarter 
of  a  mile  of  the  village,  brown  gravel,  either  Trias  in  situ^  or 
redeposited,  overlies  red  and  grey  marl  resting  on  whitish  rock- 
sand,  overlying,  and  apparently  passing  into,  quartzite  gravel  in  buff 
sand  exposed  in  a  pit  to  the  depth  of  10  feet. 

Quitting  this  road  and  following  a  by-lane  leading  southward, 
parallel  to  the  stream  (towards  Lestre),  Triassic  rocks  appear  to  be 
subjacent,  faint  indications  of  quartzite  gravels  and  marl  being  some- 
times met  with  in  the  loamy  drift-soil.  By  the  road  to  Lestre, 
which  crosses  this  stream,  and  at  a  point  about  500  yards  from  the 
village,  the  Trias  appears  to  be  represented  by  coarse  whitish  sand- 
rock  with  occasional  small  pebbles  and  quartzite  graveL 

On  the  south-east  of  the  village,  by  a  semicircular  by-lane,  a 
quarry,  6  feet  in  depth,  exposes  irregular  rubbly  beds  of  greyish 
marlstone  with  carbonate  of  lime  disseminated  throughout ;  the  rock 
seems  to  be  quite  devoid  of  fossils,  and  weathers  in  rugged  corruga- 
tions. 

This  variety  of  the  Trias  appears  to  be  very  local,  and  not  much 
to  exceed  the  exposed  6  feet  in  thickness. 

It  is  mentioned  by  M.  Bonissent,  who  described  the  lias  of  Lestref, 
as  follows : — "  Here  calcareous  greyish  quartzose  sandstones  appear 
under  the  Diluvium ;  they  are  often  red  or  amaranthine  in  colour, 
micaceous,  and  more  or  less  solid,  sometimes  friable :  they  rest  on  a 
compact  limestone  of  violet,  reddish,  and  yellowish  hues.  In  some 
of  these  rocks,  particularly  where  the  calcareous  element  predomi- 
nates, little  geodes  lined  with  white  crystals  of  carbonate  of  lime 
occur ;  the  rocks  are  often  full  of  cavities  giving  them  the  aspect  of 

*  *'  Ties  petits  ilota  de  Videoosville,  Octeville  la  VeneUe  et  St.  Qermain-de- 
Toumebut  voisins  du  mflssif  de  Valognes."    Bonissent,  op.  cU.  p.  275. 
t  Bonissent,  loc.  cit.  p.  267. 
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a  caTemonB  miUBtone."    From  this  it  appears  that  the  Lestre  marl* 
stone  underlies  the  sand-rock  and  grayed  previously  noticed. 

Speaking  of  the  Infralias  of  Yalognes  and  Yvetot,  M.  Bonissent 
says  *,  ^^  The  last  hed,  called  '  marli^re '  bj  the  quanymen,  is  com- 
posed of  greyish  limestone  feebly  cellular,  unfossiliferous,  and  of 
crystalline  texture."  I  quote  this,  as  it  appears  from  the  descrip- 
tion to  present  much  analogy  to  the  rock  just  described  at  Lestre. 

Section  II.  (fig.  2). — Returning  to  Yalognes  and  following  the 
highroad  thence  to  Pont-4-la-Yieille  (in  the  direction  of  Cherbourg), 
the  Trias  crops  out  from  beneath  the  Infralias  at  about  1100  yards 
from  Yalognes.  The  scant}'  surface-evidence  seemed  to  indicate  marls 
under  the  brown  diluvial  soil,  but  so  feebly  that  it  may  be  only  a  bod  in 
or  on  sandstone.  Approaching  Pont-^  la- YieiUe,  the  base  of  the  Trias 
resting  on  Devonian  schists  appears  to  consist  of  whitish  sands.  M. 
Bonissent  mentions  t  the  occurrence  of  white  (polygSnique)  calcareous 
sandstones  resting  on  compact,  violet,  reddish,  greyish,  and  yellowish 
limestone  at  Pont-^la-Yieille,  Fosse  Pr^mesnil,  and  Croix  Morville ; 
the  latter  localities  I  was  unable  to  find.  This  shows,  however,  that 
in  the  north  of  the  area  marlstones  were  not  unfirequently  amongst 
the  earliest  Triassic  sediments  deposited,  probably  owing  to  the  local 
development  of  Palaeozoic  limestones. 

Proceeding  from  Yalognes  westward  to  the  viaduct  of  Pont-de-Six, 
north  of  Negreville,  hard  whitish  calcareous  sandstones  are  shown  in 
a  pit  near  the  railway-station.  M.  Bonissent  t  says  that  fine-grained 
very  solid  calcareous  sandstones  mottled  with  various  tints  are  shown 
at  Yalognes.  As  Infralias  is  extensively  quarried  near  Yalognes 
Station,  the  beds  immediately  underlying  it  would  appear  to  be  are- 
naceous, possibly  separated  from  it  by  a  thin  stratum  of  marl :  on 
the  whole,  however,  I  am  inclined  to  regard  Uie  Hthological  varie- 
ties of  the  Trias  of  the  Yalognes  district  as  interchangeable. 

Section  III.  (fig.  3). — By  the  road  to  Pont- do- Six,  at  about  a  mile  and 
a  quarter  from  its  junction  with  the  Infralias  of  Yalognes,  the  Trias 
consists  of  gravel  and  sand  exposed  in  an  extensive,  though  shallow, 
pit  on  the  south  side  of  the  road.  Subjoined  (fig.  4)  is  a  section  of 
one.  part  of  the  pit  where  it  is  4^  feet  in  depth.  In  other  parts  of 
the  pit  the  gravel  is  false-bedded,  containing  incipient  bedding- 
courses  of  sand  or  pebbles ;  it  appears  to  rest  on  sand,  and  in  parts 
to  be  replaced  by  it.  Taking  all  parts  of  the  pit  together,  about 
15  feet  of  gravel  and  sand  are  exposed.  The  character  of  the  whole 
forcibly  reminded  me  of  sections  of  the  Devon  pebble-beds  near 
Aylesbeare,  Tallaton,  and  Kentisbere,  where  the  larger  pebbles  are 
absent,  the  irregular  association  of  sand,  incipient  indications  of 
bedding,  occasional  false-bedding,  and  in  many  cases  similar  light 
tints  being  common  to  both ;  but  the  analogy  ceases  here,  as  the 
Devon  beds  occupy  a  much  lower  horizon  than  those  of  Normandy. 
Although  very  unsatisfactory,  the  evidence  obtained  in  proceeding 
from  the  gravel-pits  towards  Pont-de-Six  leads  me  to  regard  the 
subjacent  rock  as  marl  upon  which  traces  of  gravel,  Triassic  or  deri- 
vative, seem  to  rest  in  one  or  two  places. 

*  Op.cii.^  276.  t  P.  267.  J  P.  267. 
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In  tbe  railway-catting  at  Pont-de-Six  about  15  feet  of  whitiflh 
Bondstone  forms  the  base  of  the  Trias  upon  the  older  rocks.  M. 
Bonissent*  mentions  the  occurrence  of  a  limestone,  sometimes  frag- 
mentary, sometimes  solid,  at  Pont-de-Six  exhibiting  yery  vivid  and 
various  ^ts,  and  regarded  by  him  as  identical  with  the  limestone  of 
Fo88e  Pr^mesniL  Consequeutly  limestone  or  marlstone  seems  to 
oecor  in  the  Trias  near  its  westeru  margin,  from  Pont-li-la-yieille 
to  Pont-de-Six ;  and  still  further,  if  La  Croix  MorviUe  (where  a 
similar  bed  has  been  noticed)  lies  within  Morville  (an  adjacent  com- 
mune to  N^n^ville  on  the  south-east),  or  is  a  synonym  for  La  Croix 
des  Auneys  of  the  same  neighbourhood  in  the  commune  of  Magne- 
ville.  Southward  from  Yalognes  to  Lieusaint,  where  an  inlier  of 
Parian  rock  occurs,  the  Trias  near  its  junction  with  the  Lifralias, 
judging  from  indications  by  the  railway,  appears  to  consist  of  marls 
and  whitish  sandstone,  the  latter  probably  uppermost. 

By  Uie  highroad  from  Yalognes  to  Montebourg  drifts  conceal  the 
sab}acent  rock.  Between  St.  Cyr  and  Montebourg  Silurian  quartzite 
18  exposed  in  a  quarry  by  the  highroad,  forming  the  comer  of  a 
large  inlier  extending  thence  to  Quinneville  on  the  east  coast.  Near 
its  junction  with  the  Silurian  on  the  north  of  Montebourg  the  Trias 
appears  to  consist  of  marl.  Near  Montebourg,  by  the  highroad  to 
C^rentan,  yellowish-brown  sandy  soil  with  quartzite  pebbles  covers 
the  surface,  being  probably  to  a  great  extent  a  redeposit  of  Triassic 
Bands  and  gravels  which  may  be  concealed  by  it. 

Sectian  IV.  (fig.  4). — By  the  road  from  Montebourg  to  Le  Ham 
Station,  near  the  former,  beds  of  coarse  light  brownish  sand-rock  dip 
to  the  north  at  a  small  angle.  At  Eroudeville  a  pit  by  the  road  shows 
8  feet  of  coarse  yellowish-brown  sand  vrith  small  irregular  quartzite 
pebbles  exhibiting  traces  of  bedding.  A  similar  gravel,  as  I  was  in- 
formed, is  worked  near  St.  Cyr ;  indications  of  it  were  noticed  at  about 
1100  yards  to  the  south  of  Eroudeville :  from  this  point  to  Le  Ham 
Station  no  evidence  is  obtainable,  owing  to  the  covering  of  drift-soiL 
At  Le  Ham  Station,  however,  red  marl  is  exposed  very  near  the 
Infraliassic  junction.  Proceeding  along  the  railway  from  Le  Ham 
toward  FlottemanviUe,  whitish  sand-rock,  apparently  Triassic,  is 
exposed  in  one  or  two  places.  Prom  these  observations  I  am  in- 
clined to  regard  the  Trias  of  Montebourg  and  Yalognes  as  occurring 
in  the  following  descending  order : — 

1.  Thin  deposit  of  red  marl  under  Infralias. 

2.  Whitish  sands  passing  into,  or  replaced  by,  pebUe-gravels. 

3^  Bed  marb,  possibly  alternating  with,  and  resting  on,  sandstones. 

M.  Bonissent,  however,  who  had  much  more  ample  opportunities 
of  studying  the  district,  states  t  "  that  the  gr^  bigarr^  rests  on  in- 
clined Silurian  rocks  at  Montebourg,  and  disappears  in  other  direc- 
tions beneath  the  Keuper  and  Lias.''  He  describes  it  as  composed 
of  very  fine  and  medium-grained  mitaxiies  (an  untranslatable  term 
likewise  applied  to  a  variety  of  Cambrian  rocks,  p.  136 ;  a  species  of 
sand  or  sandstone  is  meant)  alternating  with  liiin  beds  of  whitish 

*  Op,  cU.  pp.  267,  26a  t  P.  266. 
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and  greenish  clay.  In  the  npper  part  the  rock  somciimes  passei 
into  a  qnartzose  pnddingstone.  Its  etmcture  is  often  massive  in  th< 
lower  beds,  sometimes  becoming  shaly  toward  the  snrface.  Th( 
sandstones  (rnitaxites)  are  slightly  micaceous,  of  a  dirty  white  ooloar 
very  rarely  exhibiting  rose-coloured  or  bluish  tints.  No  traces  o 
animal  remains  were  obtained ;  but  fragments  of  petrified  trees  wer< 
found  lying  horizontally  in  the  middle  of  the  sandstones  {metaantes 
in  the  commune  of  Eroudeville  near  Montebourg;  they  measures 
from  about  6  to  10  metres*  in  length  by  20  centimetres  to  6  deci- 
metres t  in  diameter :  the  species  were  indeterminable. 

If  these  beds  are  really  Bunter,  a  very  great  unconformity,  elimi 
nating  not  only  the  Muschelkalk  (calcaire  eoquilliere)  or  its  equi 
valent,  but  also  the  whole  of  the  lower  and  much  of  the  uppe: 
Keuper  series,  could  alone  account  for  its  occurrence.  I  think,  how 
ever,  that  the  correlation  can  be  successfully  disputed  upon  the  fol 
lowing  grounds : — 

First.  The  thinness  of  the  Trias  at  Montebourg,  as  the  distance 
from  the  Infraliassic  margin  on  the  south  to  bare  Silurian  rocks  oi 
the  north  does  not  exceed  3  kilometres  (3300  yards). 

Secondly.  The  similarity  of  the  deposits  to  those  already  describe< 
in  the  neighbourhood  of  Valognes,  and  hereafter  to  be  notioed  in  th< 
environs  of  Carentan. 

Thirdly.  The  impossibility  of  drawing  hard  lithological  boundarie 
in  a  district  where  the  constitution  of  the  beds  is  so  variable  fron 
local  derivation,  as  M.  Bonissent's  observations  prove  the  Keuper  de 
posits  to  be. 

Fourthly.  The  absence  of  aU  mention  of  unconformability  in  M 
Bonissent's  account. 

Fifthly.  The  excessive  improbability  of  the  existence  of  uncon 
formity  in  the  attenuated  Triassic  rocks  of  Normandy,  and  th< 
absence  of  any  circumstances  favourable  to  its  occurrence  in  th< 
neighbourhood  of  Montebourg. 

At  Mont  Busnon  in  St.  Cyr  branches  of  trees  were  discovered 
in  diluvium  covering  "  New  Red  Sandstone  (Keuper)"J.  It  is  j 
curious  coincidence  that  arboreal  remains  should  occur  in  the  same 
district  both  in  diluvium  and  Trias.  I  did  not  visit  the  Triassic 
districts  on  the  west  of  the  railway  between  Negreville  and  Ca- 
rentan. The  fragmentary  nature  of  the  exposures  of  the  Trias  d 
that  neighbourhood  may  be  gleaned  from  the  following. 

Between  Urville  and  Orglandes,  at  Cauquigny,  Picauville,  and  from 
Crcttcville  to  Baupte,  the  Trias  is  covered  by  Infralias§.  At  Gour- 
besville,  Orglandes,  Hauteville,  Biniville,  and  Reigneville  Cretaceou 
deposits  occur,  and  rest  directly  on  Palooozoic  rocks  at  N^ou,  Golle- 
viUe,  La  Bonneville,  and  Crosville  ||.  Eocene  beds  are  spread  ovci 
the  communes  of  Gourbesville,  Hauteville,  St.  Colombo,  Nehou, 
lleigneville,  Crosville,  and  La  Bonneville :  Lower  Miocene  is  repre- 
sented at  Rauville-la-Place,  and  Upper  Miocene  in  the  communes  oi 

*  Roughly  speaking,  from  20  to  33  feet. 

t  Roughly  speaking,  from  8  inches  to  2  feet. 

t  Bonissent,  op.  cit.  pp.  393, 394.        §  /&.  p.  275.         (  Ih.  p,  310,  Ac 


Digitized  by 


Google 


SOCKS  OF  KOBlCAirDY.  255 

GorgeB,  Gomfreville,  Nay,  St  Gennain  le  Yicomte,  Bohons,  St.  £ny, 
and  AoxaiB.  Pliocene  marls  occur  at  Marchesieux,  Feugeres,  and 
St.  Martin  d^Aubigny*.  Dilavium  is  developed  at  Baids  and  St. 
Sanyenr  (Le  Vicomte)  but  Douyet;  it  coTers  all  the  communes  on 
the  west  bank  of  the  river  EUe,  Beuzeville  les  Veys,  and  Brevands ; 
and  oecurs  at  Dezert  and  St.  Jean  de  Daie^.  On  the  south  and 
west  of  Carentan,  the  plateau  of  Anvers,  Meautis,  the  Bohons,  and 
St.  £ny  is  covered  by  diluvium  which  descends  the  slopes  to  the 
marshes  (alluvium)  of  the  river  Taute.  In  this  distiict  it  is  Baid§  to 
be  from  330  to  1640  feet  thick  (100  to  500  metres). 

As  diluvium  also  occurs  at  St.  Jores,  Yindefontaine,  Etienville, 
Hcauville,  Rauville-la-Place,  and  other  localities,  the  evidence  of 
Trias  in  this  part  of  the  area  must  be  very  meagre  indeed. 

I  will  now  proceed  to  quote  all  the  facts  mentioned  in  M.  Bonis- 
eent*s  work  with  reference  to  the  occurrence  of  the  Trias  in  this 
eom^^cated  area. 

Approaching  I'^tang-Bertrand  the  Devonian  is  visible  here  and 
there  beneath  the  rolled  stones  of  the  Keuper ;  from  this  hamlet  it 
follows  both  banks  of  the  river  Douve,  returning  by  the  right  bank 
t<nraids  the  farm  of  Banoville,  &o.,  after  having  previously  traversed 
Booge  Bouillon  and  Loraille  in  Bricquebec  and  Negreville,  but  in 
t^  course  it  is  often  hidden  under  the  Mames  irisees  ||. 

The  next  notice^  of  Triassic  deposits  is  at  a  considerable  distance 
to  the  south  of  the  above.  Going  from  Periers  to  Pont  Labbe 
reddish  or  lilac  clays  of  the  Trias,  alternating  with  clays  of  a  whitish 
or  greyish  hue,  have  been  observed  at  St.  Germain  le  Campagne 
(le  Petit)  south  of  Plessis.  At  Nay,  on  the  road  to  Periers,  and 
near  a  windmill  emd  watermiU,  a  reddish-brown  quartziferoiis  and 
calcareous  rock,  belonging  to  the  Trias,  covered  by  pebbles  and  red 
marls  (redeposits  of  the  same  formation),  was  discovered  under  the 
Pliocene  formation**. 

Eaids  Church  is  on  Diluvium ;  but  in  following  a  small  tributary 
of  the  river  Sdve  for  some  distance  from  it  Trias  was  met  with, 
represented  by  sandstones  alternating  with  shaly  marls,  both  beiag 
mottled  red  and  greenish. 

From  these  observations  it  would  appear  that  the  Trias  of  this 
part  of  the  area  is  composed  of  the  same  general  sediments  as  else- 
where, but  varying  a  little  in  character  and  mode  of  arrangement 
from  local  causes. 

District  SotUh  of  Oarentan, — ^Near  the  church  of  St.  Eny  ft,  in  the 
commune  of  St.  Georges  de  Bohon,  and  at  the  farm  of  La  Joubar- 
di^rejt,  near  C!€u-entan,  the  diluvium  does  not  appear  to  have  been 
penetrated  in  wells  sunk  to  a  depth  of  nearly  33  feet ;  but  in  these 
localities  §§  it  descends  from  the  hill-top  to  the  marshes  of  the  rivers 
Taute,  Douve,  S^ve,  and  their  tributaries.  Nevertheless  whitish 
and  greyish  sandstones,  sometimes  calcareous,  wore  noticed  by 
M.  Bonissent  to  the  south  of  Carentan  ||  'i,  and  considered  by  him  to 

»  Boniaaent ,  op.  cU,  p.  323,  &c.  t  lb,  p.  383.  t  lb,  p.  387. 

§  lb.  pp.  389,  390.  li  lb.  p.  243.  «[  lb.  p.  2fiO.  **  lb.  p.  2(>8. 

tt  lb.  p.  391.  U  lb.  p.  390.  §§  lb.  p.  389.  1 1|  lb.  p.  269. 
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be  continuoiis  witii  Bimilar  beds  in  Carentan  canal,  and  analogous 
to  those  under  the  Diluvium  in  the  commune  of  Leetre*. 

Carentan  is  built  for  the  most  part  on  diluvial  debris,  which  nearly 
everywhere  covers  the  Keuper;  some  houses  are,  however,  situated 
on  Keuper  rocks,  which  in  places  stain  the  soQ.  Beddish  and  grey, 
or  whitish  and  calcareous,  sandstones  are  frequently  visible  in  some 
spots  They  contain  mica  and  debris  of  rose-tinted  felspar,  and 
axe  for  the  most  part  stained  by  red  marls.  Under  these  lies  a 
conglomerate,  composed  of  a  calcareous  sandy  day  paste  enclosing 
fragments  of  red  or  greenish  maris,  quartz,  quartzite,  and  various 
otSr  rocks.  This  conglomerate  sometimes  assumes  a  slightly  honey- 
combed (lit.  rotten)  appearance,  where  the  marl  fragments  have 
been  dissolved  out  of  their  cavities.  These  different  rocks  constitute 
the  bottom  and  sides  of  the  canal  which  leads  from  the  port  to  the 

OAa  4* 

In  walling  Carentan  quay  basin  in  1845  a  hard  white  rock  was 
encountered  under  about  26  feet  of  alluvial  and  estuarine  deposits 
associated  with  peatj ;  though  not  farther  commented  on,  it  appears 
as  if  the  Trias  had  been  reached.  ^  ,rr.      t>  _^. 

I  was  unable  to  find  the  locality  of  the  quarries  of  l^Eau  Parti ; 
it  is  probably  somewhere  near  the  confluence  of  the  streams  on  the 
south  and  east  of  Carentan.  The  following  section  of  the  quarries 
is  given  by  Bonissent§ : — 

1.  GraTel  and  clays,  old  allum.  , ,.      .  ...   *   i.t   x  t 

2.  Quartzo-calcareoufl  (polygdnique)  puddingstone  with  feeble  traces  of  manga- 

neee. 

3.  Hard  red  mari  mottled  white. 

Under  the  puddingstone  a  greyish  sandstone,  somettmes  sUghUy  oaloa- 

reous,  is  risible. 

4.  Calcareous  (polvg6nique)  sandstone. 

5.  Very  solid,  naad  red  marl. 

To  the  east  of  Carentan  the  Keuper  is  well  developed  in  the 
communes  of  St.  Hilaire,  Catz,  Beuzeville-les-Yeys,  &c.  It  is  repre- 
sented  to  a  depth  varying  from  about  3  to  65  feet  by  very  compact 
irrevish  rnolvK^nique)  calcareous  sandstone  and  conglomerate  quamed 
f^TidltoSurJLsesll.  In  the  quarries  of  ChapeUe  St.  Nicholas 
(Beuzeville-les-Veys)  very  compact  variegated  Keuper  marls,  some- 
times shaly,  are  overiain  by  grey  dUuvium  of  pebbles  and  sand  11. 
At  a  place  called  Le  Cave,  to  the  east  of  the  church  of  the  commune 
of  Catz  the  same  compact  greyish  calcareous  sandstone  above  men- 

^'^M^B^^nt  remarks  ♦♦  that  of  all  the  localities  he  had  visited 
the  Accession  of  the  Keuper  beds  can  be  inferred  ouly  from  the 
Quarries  of  Montmartin  en  Graignes,  worked  for  building-purposes 
from  time  immemorial  At  Carentan,  judging  from  inquiries  made 
on  the  spot,  these  quarries  appear  to  be  almost  unknowu.  I  only 
succeeded  in  finding  a  few  shaUow  pits  by  repeated  inqumes  at  the 
houses  en  route.    I  cannot  believe  that  M.  Bonissents  section  was 

•Bonisaent.o;,.ci^.p.2G7.        +  f  P- 2B8.      ^  ^.  P- ^2.        §  B.  p.  269. 

H  Ih,  p.  269.  H  ^-  P-  387.      *♦  /&.  p.  269. 


Digitized  by 


Google 


BOCKS  OF  NOBMAHDT.  257 

takai  firom  these  pits,  but  think  that  the  quarries  haye  been  disused, 
and  may  be  situated  at  or  near  the  Tillage  of  Montmartin-en- 
GraigneB,  whilst  those  I  visited  are  more  than  two  miles  to  the 
westward  of  it,  near  the  hamlet  of  Le  Cap. 

Of  the  four  pits  noticed  in  the  last-named  locality,  one  giyes  the 
:  (blowing  section  (fig.  6) : — 

Fig.  6. — Sand-pit  mar  Le  Cap  in  Montmartin-en-Chaigncs. 
(Scale,  1  inch  =  20  feet.) 


6  G.  Broim  loam  with  irregular  pebbles  of  quartzite  and  grit  dispersed 

throughout, 
a  a.  Greenish  sand-bed. 
b  h.  Tough,  coarse-erained,  whitish  sandstone,  with  occasional  pebbles  often  of 

clayey  materi&L 

The  beds  are  displaced  by  a  fault  with  a  downthrow  of  about 
6  feet,  also  affecting  the  diluvium. 

Another  pit  shows : — 

2  feet  of  red  and  grey  day,  with  sandy  concretions,  on  light  greenish  sandstones 
of  unequal  durability,  the  harder  portions  exhibiting  more  even  bedding ; 
exposed  to  a  depth  of  8  feet. 

Of  the  two  remaining  pits,  one  exhibits  the  following  section, 
about  20  feet  in  depth : — 

L  Soil  with  pebbles. 

2.  Ochre  and  ^rey-coloured  sand  with  concretions  of  a  conglomeratic  character. 

3.  Lisht  greenish-grey,  coarse,  tough  sandstones,  containing  a  marly  seam  near 

the  base  of  the  section. 

Not  far  to  the  westward  of  the  above  pits,  a  well  in  course  of 
construction  in  a  farmyard,  at  the  hamlot  of  Le  Cap,  showed  red 
marls  by  its  sides  as  far  as  visible,  and  the  stuff  thrown  out  and 
piled  roimd  its  mouth  was  of  the  same  character.  The  surface  soil 
was  sandy.  The  workmen  informed  me  that  60  feet  had  been  sunk 
through  the  marls  without  bottoming  them.  In  a  field  adjoining, 
about  3  feet  of  loose  surface  sand  of  a  greyish  colour  was  observed, 
probably  the  redistributed  relics  of  sand-beds  on  the  marls,  and 
formerly  continuous  with  those  exposed  in  the  pits;  so  that  the 
latter  appear  to  rest  direcUy  on  marls  or  to  pass  into  them  through 
dovetailing  or  intercalation. 

In  the  lane  to  Deville,  a  hamlet  near  Le  Cap,  reddish  and  brown 
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Manche,  near  Beuzeville-les-Veys  and  Montmartin-en-. 
s.  In  this  extension  it  is  bounded  on  the  north  by  liassic 
,  and  on  the  south  by  the  Palseozoic  area.  Knipe^s  map 
3  breadth,  south  from  Isigny,  as  nearly  six  miles,  and  north 
y  as  nearly  three  miles  ;  on  the  west  of  Littry  two  (Infira) 
outliers  are  shown;  and  three,  apparently  Carboniferous, 
ire  indicated  between  the  same  village  and  Tr^vi^res  to  the 
F  it  (some  miles  off). 

re  out  from  Bayeux  for  fourteen  kilometres  along  the  road 
o,  stopping  to  examine  all  the  sections  visible  eii  route ;  then 
northward,  returned  to  Bayeux  by  a  road  nearly  pardlel  to 
way  on  the  north  side,  having  almost  crossed  the  Triassic 
m  south  to  north.  The  following  are  the  observations  made 
nrcuit: — On  the  road  to  St.  Lo,  near  Sables,  a  large  quarry 
(Infralias)  limestones,  whitish  apd  arenaceous  in  the  upper, 
nd  even-bedded  in  the  lower  part  of  the  quarry,  and  cdter- 
vith  thick  beds  of  dark  bluish  clay. 

small  pit  near  the  hamlet  of  Agy  red  marly  clay  mottled 
3y,  apparently  the  soil  of  Triassic  marls,  seemed  to  be  faulted 
lias. 

le  road  from  Bayeux  to  St.  Jean  de  Daie,  on  the  north  side 
oad,  at  a  point  to  the  north  of  Campigny,  12  feet  of  soft  buff 
th  small  quartzite  pebbles  was  noticed ;  chalk  or  decomposed 
)eared  to  be  amongst  the  ingredients.  Near  this  a  pit  by  the 
splayed  about  15  feet  of  buff  and  yellowish  sand,  stained 
by  ferruginous  infiltration  in  irregular  bands ;  no  pebbles  or 
materials  wore  present.  The  section  strongly  reminded  me 
Uppcr-Greensand  exposures  on  the  Blackdown  Hills.  This 
ly  possibly  be  of  Triassic  age,  or  a  redeposit  of  Triassic  sands, 
both  sections  might  be  referred  to  the  grey  diluvium  of  La 
in  the  absence  of  corroborative  evidence. 
I  extensive  brick-  and  tile-yard  to  the  south  of  the  railway, 
Mine,  1  recognized  a  large  pit  of  marls,  red,  with  greenish  mot- 
id  passing  upwards  into  a  sandy  clay  used  for  the  manufacture 
sks  and  tiles,  and  just  the  same  in  character  as  the  upper 
f  Somerset  in  the  brick-pits  of  Taunton  and  Wellington, 
irl  seemed  to  rest  on  the  Palaeozoic  rocks  of  the  valley  of  the 
erdillon,  which  are  Carboniferous,  according  to  Knipe. 
I  this  point  northward  the  ground  descends  to  extensive 
alluvid  tracts  concealing  much  of  the  Triassic  area  to  the 
f  the  railway. 

road  to  Bayeux,  to  the  north  of  Saon,  appears  to  be  covered 
ivium,  apparently  in  part  resulting  from  the  redeposit  of 
I  gravels  and  marls,  and  containing  fragments  of  flint  towards 

[iinford,  of  Exeter,  to  whom  I  am  much  indebted  for  verbal 
ition,  copied  out  and  sent  me  all  the  extracts  bearing  on  my 
from  a  correspondence  he  had  kept  up  with  a  friend  at  Caen, 
iiese  I  select  the  following  notes : — 
}Osit  of  May  gravel  near  Evrecy,  where  it  is  capped  by  lias," 


Digitized  by 


Google 


260  W.  A.  E.  T78SHEB  ON  THE  TRIASSIC 

"  This  gravel  resembles  in  every  particular  the  beds  between  Tam- 
worth  and  Lichfield  (Warwick)  laid  down  by  Murchison  as  Dolomitic 
Conglomerate.''  "  We  have  no  gravel-beds  near  Caen,  nor  even  near 
May." 

**  M.  de  Caumont  says  the  Evrecy  beds  belong  to  the  upper  part 
of  the  New  Bed  Sandstone,  and  have  great  development  in  the 
Cotentin." 

I  have  traversed  the  country  on  foot  from  Caen  to  Evrecy,  thence 
to  May,  and  back  to  Caen  without  finding  any  indication  of  Trias. 
Evrecy  is  on  the  Oolites. 

The  locality  specified  as  ^^  near  "  it  may  be  some  miles  off,  Knipe's 
map  being  worthless,  except  as  a  general  index  of  the  lie  of  the 
ro(^.  The  note  is  important  as  bearing  on  the  probable  termina- 
tion of  the  Trias  eastward,  and  as  confirmatory  of  the  idea  that  the 
sands  to  the  north  of  Campigny  were  derived  from  Triassic  sands 
underlying  pebble  gravels  near  Evrecy,  and  overlying  marls  towards 
La  Mine. 

The  foregoing  quotations  and  observations  lead  to  the  following 
inferences : — 

Pirst.  That  the  Trias  of  Normandy  is  much  more  variable  than 
its  equivalent  in  Devon  and  Somerset,  owing  to  the  greater  variety 
of  Palseozoic  rocks  furnishing  its  materials.  Por  instance,  Silurian 
and  Cambrian  quartzites  would  aflFord  material  for  gravels  and 
conglomerates;  the  further  comminution  of  the  same  strata  with 
their  associated  slates  and  schists  and  Devonian  grits  &c.  woiild 
produce  the  sandstones  and  sands,  becoming  more  or  less  calcareous, 
and  locally  exhibiting  the  characters  of  a  limestone,  according  to  the 
local  prevalence  of  Palaeozoic  limestones,  as,  for  instance,  the  Cam- 
brian limestones  of  St.  Clair,  St.  Jean  de  Daie,  Meauffe,  Bahais, 
Cavigny,  Airel,  &c.,  all  lying  to  the  south  of  Carentan.  The  further 
comminution  of  schists,  slates,  shales,  and  limestones  would  favour 
the  deposition  of  marls. 

Secondly.  The  general  sequence  of  deposits  appears  to  be  pebble- 
beds  and  conglomerates,  passing  into  and  resting  on  sandstones, 
generally  overlying  marls,  the  latter  being  locally  developed  on 
different  horizons,  or,  in  other  words,  the  constituents  of  the  Trias 
being  interchangeable. 

Thirdly.  The  relations  of  the  deposits  bear  some  analogy  to  the 
marls  and  dolomitic  conglomerates  of  the  Mendip  area  on  the  one 
hand,  and  to  the  feeble  traces  of  Upper  Keuper  Sandstone  in  the 
vale  of  Taunton  and  elsewhere  on  the  other ;  but  they  exhibit  more 
successional  arrangement  than  the  former,  and  an  excess  of  the  con- 
ditions which  led  to  the  deposition  of  the  latter. 

I  have  hitherto  confined  myself  to  the  descriptive  portion  of  the 
second  proposition ;  it  now  remains  to  show  the  additional  grounds 
which  justify  the  statement  that  only  part  of  the  Upper  Keuper 
division  is  represented  in  Normandy.  These  are  based  on  the 
thickness  of  the  deposits,  not  shown  in  actual  figures^  but  proved 
by  the  nature  of  the  district ;  thus  : — 
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t.  The  Norman  Secondary  area,  as  far  as  embraced  in  this 
does  not  exceed,  as  a  rule,  100  feet  aboye  the  se^  ♦. 
►ndiy.  Infraliassic  outliers  occur  at  VidecosviUe,  OctcviUe 
elle,  and  St.  Germain-de-Toumebut,  in  the  north  part  of.  the 
nd  at  Dezert,  Er^vands,  and  near  Littry  in  the  south ;  so  that 
rias  everywhere  at  the  surface  between  these  outliers  and  the 
districts,  owiug  to  the  gently  undulating  character  of  the  sur- 
some  cases  and  its  plateau-Hke  contour  in  others,  and  to  the 
lip  of  the  Secondary  rocks,  the  uppermost  beds  of  the  formation 
Xeuper)  would  alone  be  represented  at  and  near  the  surface, 
dly.  M.  Bonissent,  commenting  on  the  presence  of  a  quartz 
'  Cambrian  age  on  the  boundary  of  the  communes  of  Gour- 
)  and  Amfrcville,  says,  **•  Its  presence  in  these  places  leads  us 
k  that  the  Gulf  of  the  Cotentin,  in  which  the  Keuper  deposits 
id  down,  is  of  no  very  great  thickness  in  all  points  where  it 
ble."  This  remark  applies  to  the  whole  area,  as  "  the 
■>  formations  which  formed  the  base  of  the  newer  sediments 
;  little  insulated  patches,  which  the  more  recent  formations 
:>t  entirely  ooyered,  for  example,  in  the  environs  of  Monte - 
Yalognes,  lieusaint,  Kauville  la  Place,  Magneville  "  t ;  add 
)  the  quartz-porphyry  of  St.  Colombo,  the  Cambrian  limestones 
igny  and  La  MeauSe,  the  Silurian  inliers  of  Colomby  and 
lanville  J,  and  the  palaBOzoic  patches  near  Littry. 
Lug,  therefore,  due  allowance  for  depressions  in  their  bed,  the 
;  rocks  of  Normandy  can  scarcely  exceed  200  feet  in  maxi- 
lickness,  whilst  their  mean  thickness  is  probably  less  than 
3t.  I  am  therefore  forced  to  regard  them  as  a  part  only  of 
per  Keuper,  which  in  the  Devon  and  Somerset  area  south  of 
adips  appears  to  present  a  mean  thickness  of  about  700  feet ; 
even  if  the  rocks  of  Normandy  attuned  300  feet,  that  thick- 
►uld  not  represent  the  whole  of  the  Upper  Keuper  division. 

TJiird  Proposition. 
IS  reasoning  is  conclusive,  it  follows  that  the  present  extent 
aandy  was  not  submerged  until  after  the  deposition  of  the 
sediments  of  the  Upper  Keuper,  and  in  no  case  could  it  have 
ider  water  during  the  formation  of  the  pebble-beds  of  Devon 
onstitute  the  base  of  the  Lower  Keuper  sandstones ;  so  that 
re  strong  grounds  for  entertaining  the  conclusion  set  forth 
:hird  proposition,  ^^  that  fragments  from  the  Palaeozoic  rocks 
dandy  (in  its  present  extent)  were  never  incorporated  in  the 
\  sediments  of  Devon." 

Fourth  Proposition, 
w  come  to  the  concluding  proposition,  that  the  foreign 
its  in  the  South-Devon  Trifis  were  derived  from  rocks  in  the 
I  aroa,  the  existence  of  which  is  proved  by  the  nature  of  the 
►ic  areas  of  Normandy,  Devon,  and  Cornwall.  I  shall  first 
L  briefly  the  varieties  of  Paleeozoic  and  igneous  rocks  of 

ifisent,  op.  cit,  p.  6.  t  /6.  p.  264.  %  Jtb,  p.- 192. 
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La  Manche,  commencing  wiiih  the  igneons.  According  to  M.  Bo- 
nissent*,  granite  and  associated  granitoid  rocks  (syenite,  diorite 
pegmatite,  amphibolite,  fraidonite,  harmophonite,  petrosilex,  pro 
togine,  protogenic,  syenitic,  dioritic,  and  petrosiliceons  porphyriee 
syenitic  granite,  and  serpentine)  form  a  great  part  of  the  ooas 
from  Sciotot  (near  Pienx)  on  the  west  to  St.  Vaast  on  the  east. 

The  patches  of  porphyry  in  the  tract  limited  on  the  sonth  b; 
Contances  and  St.  Lo,  and  on  the  north  by  a  line  from  Vasteville  b; 
Thiol  to  St.  Vaast  and  Morsalines,  are  cited  t  as  examples  of  M.  Du 
fresnoy's  opinion,  that  they  represent  "  the  vents  of  a  great  interio 
mass  of  porphyry,  whose  emptive  force  had  been  sufficient  to  distnr 
and  iissure  the  rocks  of  older  date,  but  too  feeble  to  open  a  larg 
outlet  for  widespread  ejection." 

Speaking  of  tiie  granitic  and  porphyritio  rocks  of  La  Manch( 
M.  Bonissent  t  says : — "  These  different  groups  are  but  very  sma 
portions  of  the  great  mass  of  which  they  ought  to  form  part,  judgin 
from  the  different  isolated  veins  with  no  apparent  connexion  wit 
the  principal  groups.  As  also  the  islands  and  rocks  between  th 
Channel  Mands  and  the  most  westerly  point  of  England  are  forme 
of  granite,  and  as  the  same  rocks  almost  exclusively  form  the  coai 
from  Brest  to  St.  Male,  and,  in  England,  have  in  several  place 
pierced  the  primitive  formation,  it  is  easy  to  conceive  that  all  the« 
veins,  rocks,  and  groups  are  connected  with  one  and  the  san 
granitic  formation,  in  part  hidden  beneath  the  sea." 

Taldte. 

The  north  coast  bounding  Cherbourg  Bay,  from  BretteviUe  \ 
Omonville,  a  distance  of  nearly  twenty  miles,  is  composed  < 
talcites.  At  Airel,  in  the  district  of  St.  Lo,  talcites  were  recof 
nizdd  at  a  depth  of  nearly  33  feet  beneath  the  Cambrian  from  tl 
surface. 

Mica-schists  occur  in  the  neighbourhood  of  Contances,  all 
gneiss,  which  is  likewise  found  near  Cherboui^,  Pieux^  &c,§ 

Cambrian, 

The  Cambrian  rocks  of  La  Manche  are  divided  into  two  stages- 
the  Upper  consisting  of  anagenites,  conglomerates,  and  varioi 
grits  (arkoses),  the  Lower  of  phyllades  and  grauwackes  ||. 

Arkoses  and  anagenites  are  well  developed  in  the  north  of  ti 
Cotentin,  from  Morsalines,  on  the  north-eastern  confines  of  tl 
Secondary  area,  to  Cape  la  HoguelT.  In  the  latter  locality  phj 
lades  and  grauwackes  are  but  sparingly  distributed.  In  one  sp 
in  the  commune  of  Eculleville  they  are  accompanied  by  a  reddis! 
brown  crystalline  limestone  ♦*. 

The  schistose  character  of  the  talcose  rocks  nearly  always  di 
appears  in  the  arkoses  and  anagenites  ft* 

By  the  road  to  St.  Vaaat,  at  the  entry  of  Valognes,  phyllades  a] 


4 


*  Op.  cit.  p.  31  Ao.  t  P.  47.  1  P.  12. 
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Mrackes  mnoh  altered  were  noticed  under  redeposited  Keuper 
;  they  underlie  the  arkoses  of  Montaign  la  Brisette  ♦. 
e  Cambrian  rocks  almost  entirely  environ  the  Secondary  area 
e  north,  sonth-west,  and  south. 

Silurian. 
e  Silurian  grits  of  the  north  of  La  Manohe  do  not  all  belong 
e  same  horizon;  thus  the  grits  of  Cherbourg,  which  rest 
iformably  on  talcite  at  Mont  Roule,  of  ToUevast,  Sottevast, 
aint, .  Montebourg,  &c.,  which  contain  ScoUihus  linearis,  are 
ded  as  equivalent  to  the  English  Stiper  Stones.  Those  of 
ers  d'Allonne  (south  of  Pieux)  are  considered  as  contem- 
eous  with  slaty  schists  with  Calymene  Tristani^  equivalent  to 
iand^o  Flags.  The  grits  of  Val  de  Cie,  Vretot,  and  Besne- 
being  of  the  same  age  as  the  Ghr^  de  May,  are  equivalent  to 
aradoct. 
B  succeesion  in  ascending  order  is  as  follows  X : — 

Loealities. 
holithua4iHeari$  grits,  sometiineB  azoic,  1  TLr««f>»iw*.,»»  PK^..k^.,.»  a- 
sometimeB  wifli  Linfftda ;|Montebourg,  Cherbourg,  Ac. 

^^m^  !^  .^^.  "^^  ^^'y"^  j  Cherbourg.  SiouyiUe,  &c. 
baptolite  Bchigts  without  Cktrdiola  ....    Vretot,  Val  de  Cie,  SiouyiUe, 

Besneyille,  &c. 

Iritfl  with  May  fauna  St.  Sauveur  le  Vioomte. 

Icfaists  with   GraptolUea  colontu  and  ^  Varenguebeo,yr6tot,  St.  Sauveur 
Cardiola  ifUerrupta  J         le  Vioomte,  Siouville,  &c. 

Rufosse,  nearly  seven  miles  to  the  west  of  the  east  coast  at  St. 
,  Silurian  grits  rest  unconformably  upon  the  Cambrian,  as  also 
Q  hillock  of  Blemond  in  Octeville  la  Yenelle,  where  the  Silurian 
resented  by  very  compact  dark-brown  quartzite  §.  At  Crasville 
ced  a  quarry  of  quartzite  splitting  up  in  small  pieces. 
3  Silurian  rocks  of  Montebourg  ||  occupy  a  tract  of  greater  ele- 
L  than  the  liassic  and  Triassic  district  surrounding  them.  It 
ises  the  communes  of  Huberville,  Tourville,  Lestre,  St.  Floxel 
iville,  and  Octeville  la  Venelle.  At  Tourville  the  rock  is 
schistose,  and  in  places  constitutes  great  beds  dipping  in  a 
-westerly  direction.  It  occupies  a  part  of  the  commune  of 
iville,  and  is  prolonged  thence  to  the  isles  of  St.  Marcouf, 
Lg  by  the  rook  of  Bavesknie,  where  it  assumes  an  excessively 
ict  and  crystalline  texture,  exhibiting  a  kind  of  semifusion 
he  injection  of  a  vein  of  quartz  chalcedony.  At  Montebourg 
ock  is  sometimes  conglomeratic  in  the  lower  portion,  con- 
g  pebbles  of  quartzite  and  decomposed  felspathic  rocks  as  well 
liments  of  talcite.  Possils  are  very  rare  in  this  locality.  Inde- 
xable species  of  Orikis  have  been  recognized  on  the  north- 
u  limits  of  the  mass. 

tr  the  cross-roads  to  Aumeville,   Ozeville,  Quin^ville,  and 
)bourg,  I  observed  a  quarry  of  psde  grey  and  whitish  Silurian 

127.  t  P.  185.         t  Pp.  206,  206.        {  P.  196.         |  P.  197. 
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quartzite,  capped  by  a  drift  containing  bonlders  and  occasional 
pebbles  of  the  same  rock.  Near  St.  Cyr,  by  the  highroad  -from 
Valognes  to  Montebourg,  I  visited  a  quarry  of  violet,  red,  and  grey 
Silurian  quartzite,  capped  in  part  by  drift. 

In  the  grits  of  St.  Sauveur  le  Vicomte,  Kauville  le  Place,  Besne- 
viUe  and  Etandin,  fossils  of  the  May  typo  have  been  recognized. 
At  Besneville,  Hamalonotus^  Orthis  redux,  CceUuter^  Palaasttr^ 
and  Avicula  matutina;  at  St.  Sauveur  le  Vicomle,  HomaUmotus 
and  Orihis  rediuv;  at  Yarenguebec,  CleidophoruB\  at  Etandin, 
Orthis  redux  ♦.     These  rocks  bound  the  Trias  south  of  Valognes. 

Traces  of  the  same  formation  have  been  recogoized  in  the  com- 
mune of  Moon  t,  on  the  southern  borders  of  the  Triassic  area,  near 
the  limits  of  Calvados  and  La  Manche. 

I  visited  the  quarries  of  May  (south  of  Caen),  on  the  west  side  of 
the  village.  The  quartzite  varies  in  colour  ftom  reddish  and  pale 
greenish  to  white.  Here  and  there  vertical  red  markings  in  the 
grey  quartzite  show  a  perfect  resemblance  to  many  of  the  charac- 
teristic Budleigh  pebbles. 

The  beds  dip  towards  north  30°  east.  Some  of  them  are  very 
thick,  one  being  observed  of  from  7  to  8  feet.  A  sandy  bomb  about 
6  feet  in  diameter  was  noticed  in  one  part  of  the  quarry  face. 
During  a  couple  of  hours'  search  I  procured  some  specimens  of 
Orthis  redux  and  thoracic  plates  of  Trilobites. 


Devonian, 

The  lower  part  of  the  Devonian  only  is  represented  in  La  Manchot; 
its  constituents  occur  in  the  following  descending  order : — 

1.  Schists  with  thin  beds  of  soft  grit  containing  much  mica,  sometimes  alter- 

nating with  limestones. 

2.  Greyish   or   blackish  limestones,  with  alternating  blackish  schists,  often 

micaceous. 

3.  Grits  of  various  colours,  especially  greenish,  alternating  with  schists  of  Hic 

same  hues  §. 

This  triad  grouping  reminds  one  of  the  Devonian  flanking  the 
South-Devon  Trias  as  given  by  Mr.  H.  B.  Woodward  ||: — 1.  Thin 
band  of  shales  on  limestones ;  2.  Slates ;  3.  Bed  Sandstones :  in 
descending  order. 

The  Lower  Devonian  grits  of  La  Manche  are  not  so  pure  as  those 
of  the  Silurian  formation.  It  happens,  however,  that  some  of  these 
grits,  through  the  effects  of  metamorphism,  have  acquired  a  very 
close  texture,  and  thus  present  the  appearance  of  quartzites.  The 
Devonian  area  lies  between  Pieux  and  Valognes  on  the  north,  and 
Lessay  and  Le  Plessis  on  the  south ;  it  is  bounded  by  the  sea  on  the 
west,  and  by  the  Triassic  districts  on  the  east.     Beyond  these  limits 

*  Bonissent,  op.  cU.  p.  200. 

t  P.  209.  A  Dand  of  Silurian  is  shown  on  Knipe*s  map  bounding  the 
Secondary  area  from  Moon  to  Carapigny,  t  p.  224. 

§  Pp.  226,  227.  I  Geol.  Mag.  for  Oct.  1877,  No.  160. 
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e  small  ontlier  has  been  found;  it  occurs  at  SiouviUe  (north 
z)  at  about  ten  miles  from  the  main  mass  ;  from  which  M. 
nt  inferred*  *'  that  the  Devonian  rocks  occupy  elsewhere  a 
art  of  the  space  between  the  Anglo-Norman  Isles  and  the 
ast  of  La  Manche." 

L  the  neighbourhood  of  Yalognes  to  GoUevillo  the  Devonian 
)t  extend  far  beyond  the  limits  of  the  sea  of  the  Mames 
K  Approaching  the  town  of  Yalognes,  grey  grit  alternates 
hists,  and  contains  Orthis^  little  Spirifers,  aud  LepUxna  Mvtr^ 
On  the  north-west  of  Cape  Rozel  a  greyish  quartzose  grit 
ing  Orthis,  Spirifer,  and  Produetus  has  been  separated  from 
in  mass  of  the  Devonian  by  fraidonite  and  red  porphyry, 
lave  been  injected  into  the  Cambrian  and  Devonian  rocks  J. 
x>mmune  of  SurtainviUe  brownish,  greenish,  and  grey  grit«, 
les  banded  with  red  and  ycUow,  contain  Orthis  and  little 
s.  At  SurtainviUe  whitish  grit  mottled  yellowish,  contain- 
Uxna  MurchtsofU,  rests  on  the  greenish  variety  §. 
following  list  of  fossils  obtained  from  the  Devonian  rocks  of 
che  is  given  by  M.  Bonissent  || : — 


B? 

t  oallitelis,  GreiL 
laciniata,  Vem, 
otuB  Gerrillei,  Vem, 
besii,  Bou. 
ismanni,  Ron, 
neniarti,  Ban, 
bii,  Vem. 
Curieri,  Stein. 

flabeUiformis,  Barr. 
ia  britannica,  Bau, 
Eitites  oalamiteus,  Munst, 
hii,  Fern, 
is,fp. 

nia  intermedia,  If  Arch. 
a,sp. 

nana  Baohalieri. 
I. 

tilu8  Morohiaoni,  Bon. 
tentina^  IX  Orb. 
ion  Saemanni,  Bou, 
Tillii,  Vem. 
lealaris,  Bott. 
ierei,  Vem. 
ideas,  Vem. 

sp. 

litis,  8I>. 

I  Gervillii,  Vern. 
ia,Bp. 
ipinoBa,  PhUl, 

s,  Goldf'  

ipinosa,  Fhill,  (and  indeter-      

B  species).  


Modlola,  sp. 

Naoula,  sp.  n. 

Sanguinolaria  soleniformis,  Goldf. 

Leda,  sp.  n. 

Bedonia  (allied  to  B.  Deehayesiaiia), 

Grammysia  hamiltonensis,  Vem. 

Conooardium  clathratum,  BOrh, 

Orbicula,  sp. 

Terebratula  concentrica,  Buck. 

Esquerra,  Vem, 

hispanica,  Vem. 

unoata,  Ikf* 

Archiad,  Vem. 

—  reticularis,  lAnn. 

eucharis,  Barr, 

Wilfloni,  Bou. 

subwilsoni,  If  Orb. 

prominula,  Bim. 

— ^  Queraneeri,  Vcrn, 

Pareti,  Vem. 

upsilon,  Bon, 

—  porrecta,  Bon, 

Blaokii,  Bou. 

strigioeps,  Bom. 

Pentamerus  galcatus,  DiUm. 
Spirifer  Bousseau,  Bou. 

subspeciosus,  Veni. 

beteroclitus,  Defr. 

Davousti,  Vern. 

Pellico,  Vem. 

Bellouini,  Bou. 
Dutemplei,  Bou, 
macropterus,  Goldf. 


*  Bonissent,  p.  255. 
(  Bonissent,  p.  227. 
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Orthis  Beftumontii,  Vem,  Enoriniies. 

striatula,  Schloth.  PradocrinuB  Bajlii,  Verm, 

orbicularis,  Vem,  Tentaculites,  sp. 

Qervillii,  Barr.  CaryophylliteB,  sp. 

Trigeri,  Vem.  HeLioutes  interstinota,  M.-Skko. 

hipparionyx,  Schn,  Alveolites,  sp. 

eifelenfiis,  Vem,  Fayosites  Goldfussi,  J/ Orb, 

Mouieri,  Bou,  polymorphus,  Gold/, 

Chonetes  Boulangeri,  Rou.  Oalamopora,  sp. 

lUiynchonelia,  sp.  OTathophyllum  celtioum,  UOrh, 

Stropbomena,  sp.  Bouobardi,  M.-Edw. 

Proauctus,  sp.  oaespitosum,  Ooldf, 

Atrypa.  sp.  turbixiatuin,  Go14f, 

Leptsena  Murchisoni,  Vem,  Madrepora,  sp. 

subplaua,  Vem,  AuLopora  cucullina,  Mhh, 

laticosta,  Conrad.  Betepora,  sp. 

Sedgwickii,  Vem,  Fenestella,  sp. 

PbiUipsii,  Barr.  Pleurodictyum  problematiotim,  Gcldf^ 

depressa,  Sow,  Twitb  round  calices). 

Bouei,  Barr.  (with  sharp  serpuliform  calices). 

Galceola  (sandalina).  oonstantinopolitanum,  Bom, 

Pentremites. 

Carlxmiferous, 

The  representatiye  of  the  Carboniferous  Limestone  occurs  in  a 
small  space,  not  five  miles  in  length  by  about  two  thirds  of  a  mile  in 
breadth,  on  the  south- west  coast,  at  nearlj  twenty  miles  distance 
from  the  unproductive  Coal-measure  strata  of  the  little  basins  of 
Le  Plossis  and  Littry,  bounding  the  Triassic  districts  on  the  south  *« 
With  them  my  brief  notice  of  the  Norman  Palseozoic  rocks  closes. 

Returning  to  our  own  side  of  the  Channel,  we  find  the  Cornish 
peninsula  composed  of  a  granitic  backbone,  represented  superficially 
by  four  principal  masses,  surrounded,  except  in  the  case  of  the  Lands- 
End  mass,  on  all  sides  by  Devonian  rocks  more  or  less  metamor- 
phosed, and  constantly  intersected  by  greenstones  and  elvans.  We 
find  the  Lizard  district  mainly  composed  of  serpentine  and  diallage 
rocks  partially  flanked  by  hornblendic  slates ;  whilst  between  Chapel 
Head  and  Nare  Point,  in  the  districts  of  Veryan  and  Gorran,  a  rock 
of  pre-Devonian  age  occurs. 

Again,  in  South  Devon  we  have  the  same  granitic  centre,  and 
from  it  southwards  pass  from  Culm-measure  rocks  to  Devonian,  locally 
intersected  by  numerous  patches  of  greenstone ;  whilst  the  remark- 
able metamorphosis  of  the  rocks  forming  the  most  southerly  part  of 
Devon,  from  Start  Point  to  Bolt  Head,  seems  to  indicate  the  proxi- 
mity of  extensive  igneous  districts  now  hidden  beneath  the  sea. 

Taking  both  countries  together,  we  have  in  their  most  southerly 
projections  the  indications  of  conditions  approaching  those  exhibited 
in  La  Manche.  Would  not  the  area  occupied  by  the  English  Channel 
be  exx)ected  to  furnish  the  transition  between  these  extreme  points  ? 
Would  not  such  a  transitional  area  display  gpreat  centres  of  ancient 
igneous  activity — the  extension  of  the  Silurian  and  older  formations 

*  BoniBsent,  p.  260. 
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21.  On  the  OooTTEBBNCB  of  Pebbles  tuith  Upper  Ludlow  Fossils  in 
the  Lower  Carboiofeboub  Cokolomerates  of  North  Wales. 
By  Aubret  Strahak,  Esq.,M.A.,  P.G.8.,  H.M.  Geological  Survey, 
and  Alfred  0.  Walker,  Esq.,  P.L.8.  (Read  February  5, 
1879.) 

[By  permiflsion  of  the  Birector-General  of  the  Geological  Sur?ey  of 
Great  Britain.] 

Nearly  forty  years  ago  Mr.  Bowman  drew  attention  to  "  a  small 
patch  of  Silurians  west  of  Abergele/'  in  which  he  described  the 
following  subdivisions  in  descending  order* : — 

/.  A  conglomerate  of  pebbles  of  ereenish  micaceous  sandstone  in  a  light 

loamy  earth  resting  on  a  similar  sandstone. 
e.  Thick  red  marl  with  numerous  pebbles  of  red  sandstone,  micaceous,  with 

many  biyalves. 
d,  A  hara  compact  conglomerate  of  green  sandstone  and  quartzoso  rock. 
c.  Compact  rod  limestone. 
b.  Fine  blue  loamy  day. 
a.  Clay-slate. 

Ho  makes  the  observation  that  the  red-sandstone  pebbles  in 
bed  6  resemble  Ludlow  rock,  and  names  four  Ludlow  species  as 
occurring  in  them. 

Our  attention  was  directed  to  these  beds  by  numerous  excavations 
made  in  them  at  the  time  of  the  recent  activity  in  the  iron  trade. 
The  only  good  exposure  is  in  Ffemant  Dingle,  a  deep  ravine  running 
from  the  Pen-y-Cefn  lane  southward  past  Cefh-y-Fran,  about  one 
mile  south  of  Llysfaen. 

The  southern  or  lower  end  of  this  dingle  is  occupied  by  Wenlock 
shale,  a  pale  blue  slaty  day,  with  occasional  sandy  beds.  The  beds 
are  much  jointed,  and  sometimes  cleaved  so  as  to  weather  into 
pencil-like  fragments.  At  the  south  end  of  the  dingle  they  are 
nearly  horizontal,  but  dip  gently  to  the  north  higher  up,  near  Cefn- 
y-Fran. 

At  this  point  the  Wenlock  shale  is  unconformably  overlain  by 
hard,  mottled,  red  and  green  brecciated  limestone,  containing  beds 
of  green  sandstone  pebbles  in  a  sandy  matrix.  The  limestone  and 
the  conglomerates  dip  to  the  N.N.E.  at  28^. 

This  limestone  constitutes  bed  c  of  Mr.  Bowman's  section.  It  is 
exceedingly  hard,  with  a  hackly  fracture,  of  a  green  colour  mottled 
with  rod.  It  contains  perfectly  angular  fragments  of  Wenlock  shale, 
and  rounded  pebbles  of  a  greenish  sandstone ;  there  is  also  so  large 
a  proportion  of  quartzose  and  argillaceous  impurity  in  it  as  to  give 

*  Geological  Traniactions^  vol.  yi.  part  1. 


Digitized  by 


Google 


FBOM  THE  LOWER  CABBONIIEROVS  OP  KOBTH  TVALES. 


269 


a  porous  sandy  mass  when 
lc  is  remoTod  by  weather- 
Ve  have  been  unable  to  de- 
ly  organic  remains  in  it, 
ith  ^e  aid  of  the  micro- 
In  all  these  respects  it 
ts  with  the  Carboniferous 
one  proper,  which  is  free 
rit,  and  is  almost  entirely 
ip  of  fragments  of  Corals, 
ites,  and  Eoraminifera. 
trecciated  limestone  is  lo- 
lown  as  the  Bastard  Lime- 


a 

f 


unconformable  position  of 
istard  Limestone  on  the 
*k  shale  is  shown  in  a  quarry 

west  side  of  the  dingle, 
a  pit  150  yards  further  to 
st.  The  shale  dips  to  the 
t  from  6°  to  7^.  Its  bedding 
ire  cut  off  towards  the  north 
Bastard  Limestone,  which 

the  N.N.E.  at  from  26° 

A  little  local  breccia,  oon- 
of  small  fragments  of  Wen- 
ale  in  a  red  clay  or  brown 
about  from  8  to  12  inches 
^parates  the  limestone  from 
r&ce  of  the  Wenlock  shale, 
mestone  is  also  exposed 
Mwt  of  Twynan-uchaf  and 
)m-y-PistyU,  and  has  been 

in  haematite  trials  near 
,  and  in  the  slope  of  the 
low  Cefh-uchaf  and  Cefn- 
)11.  It  is  represented  at 
e  House,  near  Colwyn,  by  a 

sandy  bod,  slightly  calca- 
but  in  a  much  weathered 
on.  The  Bastard  Limestone 
»  a  position  at  the  base  of 
ds  about  to  be  described 
considerable  area, 
preat  thickness  of  shales, 
)nes,  and  conglomerates 
s  the  limestone.    The  fol- 

details  of  the  lower  por- 
r  these  beds  were  obtained 
mant  Dingle^  in  ascending 
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Bastard  Limestono,  containing  two  beds  of  green  sandrtone    ft,  in. 

pebbles  in  a  iandy  matrix    10    0 

Conglomerate  of  red  and  green  sandstone  pebbles  in  a  mottled 

r^  and  green  sandy  matrix,  the  pebbles  yarying  in  size  from 

that  of  a  walnut  to  that  of  a  flattened  crioket-l»ll  12    0 

Bastard  Limestone    1    6 

Finegravel 0    8 

Red  shale   3    0 

Bastard  Limestone    1     0 

Hard  red  sandstone  crammed  with  ereen  and  red  sandstone 

pebbles    , 

Bastard  Limestone    

Soft,  red,  micaceous  sandstone  wil 
Thick  deep-red  clay,  crammed  v 

pebbles,  micaceous,  flattish,  ai 

across  by  2  or  3  inches  thick  .. 
Soft  red  sandstone  with  green  blot 
Deep-red  marl,  weathering  into  < 

some  beds  at  the  base  oi  the  Ke 
Coarse  conglomerate  of  purple  sai 

Soft  bright-red  sandstone 

Thick  deep-red  clay,  crammed  wil 

man)   

The  last-named  bed,  with  a  fe^i 
of  the  dingle,  and  continues  over 
the  north  to  near  the  foot  of  the 
more  than  1000  yards ;  its  thick 
It  is  everywhere  crowded  with  p< 
liver-coloured  when  fine-grained 
when  coarse-grained.  They  are 
disclose  casts  of  numerous  fossils. 
X  8  inches  x  3J  inches  to  an 
X  li  inch.  They  are  dissimilar 
district,  and  are  invariably  watei 
shape,  but  occasionally  subangula 
tified  and  pervaded  by  ourrent-b 
ice- action.  Throughout  this  vas 
rock  than  the  fine  and  coarse-gra 

Overlying  this  thick  bed,  and  occupying  t 
under  the  Carboniferous  Limestone,  are  some  ( 
and  yellow  sandstone  pebbles  in  a  red  and  gi 
ciated  with  mottled  red  and  green  shales, 
differ  slightly  from  the  last  described  in  b< 
fissile,  but  the  majority  are  similar  except 
contain  the  same  fossils.  No  hard  and  fast  IJ 
rating  the  red  conglomerates  of  Ffemant  £rc 
and  the  difference  is  probably  due  partly 
derived  from  a  variegated  rock,  partly  to  i 
Some  of  the  pebbles  in  the  upper  beds  are  pi 
red. 

The  red  and  green  shales  and  conglomerates  are  succeeded  by  I 
Carboniferous  limestone,  the  lowest  beds  of  which  contain  Enc 
nites,  Prodxicti,  Athyris,  and  Poraminifera  in  abundance.  The  jui 
tion  is  visible  in  a  farmyard  near  Bryniau  Coobion,  where  re 


Digitized  by 


Google 


7B0M  THS  LOWBB  CABB0NmER0t7S  OF  KOBTH  WALES.  271 

limestone,  rather  impure,  rests  on  green  and  purple  shales, 
sharp  line  of  demarcation,  but  without  signs  of  erosion  or 
)rmity.  OccasionaUy  the  lower  beds  of  the  limestone  are 
atified  with  shales  so  as  to  form  a  passage*.  There  is 
a  perfect  conformity  in  dip. 

ibution  and  Thickness. — ^The  accompanying  section  (p.  269)  is 
ix>  a  true  scale  of  6  inches  to  the  mile,  the  horizontal  distances 
ights  taken  from  the  Ordnance  25-inch  maps,  supplemented  by 
[  measurements.  The  dip  of  the  Bastard  Limestone  in  the 
is  28^;  this  diminishes  towards  the  top  of  the  dingle  to 
^o  dip  is  then  to  be  got  till  we  reach  the  Carboniferous 
one,  which  dips  at  9°  to  10°.  From  these  data  we  get  an 
it  thickness  of  a  thousand  feet  for  the  conglomerates.  It  is 
le  that  this  far  exceeds  the  reality,  through  the  inequality  of 
face  of  Wenlock  shale  and  through  the  possibility  of  a  roll  in 
lestone.  Making  allowance  for  this,  their  thickness  cannot 
3h  less  than  600  feet.  At  Penlwys  (Pile  House),  where  we 
een  able  to  make  a  direct  measurement  in  the  hill-side,  we 
3  thickness  to  be  130  feet,  and  west  of  Colwyn  Bay  they  have 
1  out  to  nothing,  the  rate  of  attenuation  being  about  1  in  34. 
irds  the  conglomerates  thin  out  equally  rapidly,  and  finally 
Tlapped  by  the  Carboniferous  Limestone  at  a  distance  of  three 
rom  Ffemant.  The  conglomerates  become  finer  as  the  beds 
)  thinner,  and  tend  to  pass  into  shales  and  sandstones,  afibrd- 
dence  that  the  thinning  and  thickening  of  the  beds  is  due  to 
>riginal  Unequal  distribution,  rather  than  to  their  partial 
I  by  denudation  before  the  deposition  of  the  Carboniferous 
one. 

position  and  appearance  of  the  beds  in  Ffemant  Dingle  favour 
fa  of  their  having  been  deposited  against  a  bank  or  sloping 
*  of  Wenlock  shale,  probably  one  side  of  a  broad  hollow  cut 
'  denudation  in  the  surface  of  these  rocks.  The  irregular 
ation  of  the  conglomerates  is  probably  due  to  such  inequa- 
a  the  surface  on  which  they  were  deposited, 
lay  be  mentioned  that  a  fine  section  is  exposed  in  the  valley 
Clwj^dog,  near  Kuthin,  showing  Carboniferous  Limestone  rest- 
iformably  on  red  micaceous  shales  with  thin  sandy  beds,  and 
I  against  similar  beds  by  a  fault  ranging  north  and  south 
h  Berth.  In  the  bed  of  the  river  at  Berth  brecciated  and 
meratic  limestone,  dipping  N.E.  at  5°,  forms  the  base  of  the 
'j ;  it  rests  on  Wenlock  shale  dipping  8.W.  at  30°.  Conglo- 
B  beds  occur  in  the  series  in  the  side  of  the  highroad  to 
I,  half  a  mile  west  of  liantwrog.  The  pebbles  are  similar  to 
)f  Ffernant. 

fin  of  the  Pebbles, — In  the  Bastard  Limestone  there  occur  a 

igments  of  Wenlock  shale,  all  angular  and  evidently  of  local 

With  the  exception  of  these,  the  pebbles  are  all  waterwom 

jneraliy  completely  rounded.     A  few  of  the  less  fissile  and 

'.  G.  H.  Morton  states  that  beds  of  limestone  and  conglomerate  are 
fttified  near  Denbigh.  -    * 
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it,  while  they  invariahly  show  the  most  coBiidete  unconformity  with 
the  Silnrian  beds  below. 


DiflCTJSSIOK. 

Mr.  Db  Rakcb  expressed  his  agreement  with  t^e  paper  aft^ 
having  walked  over  the  ground.  He  also  thought  that  the  source 
of  the  pebbles  had  probably  been  the  Lake-district  or  old  destroyed 
lands  under  the  Irish  Sea.  He  had  been  informed  by  Mr.  Morton 
that,  in  examining  the  caves  in  the  Carboniferous  Limestone  near 
Abergele,  east  of  the  direction  of  the  author's  section,  a  number  of 
these  fragments  had  been  foxmd,  showing  underground  drainage 
from  the  outcrop  of  the  basement  beds  to  the  sea. 

Prof,  HuGHBs  bore  testimony  to  the  accuracy  of  the  observations 
of  the  authors,  but  thought  caution  was  needeid  in  accepting  some 
of  their  conclusions.  A  bed  might  be  stained  in  a  conglomerate  of  a 
colour  which  it  never  bore  in  situ.  Pebbles  from  grey  roeks  in  the 
red  basement  conglomerates  of  the  Carboniferous  rocks  in  the  Eden 
valley  were  stain^  red.  He  also  thought  that  the  general  character 
of  the  pebbles  did  not  agree  with  the  Ludlow  of  the  Lake-district 
All  the  fossils  were  Ludlow,  but  also  occurred  low  down  in  tiie 
Denbigh  Flags. 

Mr.  A.  0.  Walkeb  said  that  the  conglomerates  above  these  beds 
were  of  greenish  or  whitish  pebbles,  and  so  not  in  the  least  stained 
themselves.  He  thought  that  the  pebbles  in  the  caves  mentioned 
by  Mr.  De  Ranee  occurred  in  the  drift. 

Mr.  RuTLET  said  that  an  exposure  of  Upper  Ludlow  rock  in  the 
Long  Sleddale  valley  of  the  Lake-district  had  a  lithological  character 
identical  with  that  of  the  specimens  brought  by  the  authon. 

The  pBssiDBirr  asked  if  there  was  any  physical  evidence  as  to  ihe 
direction  whence  the  pebbles  had  drifted. 

Mr.  Strahan  said  that  probably  the  hardest  portions  of  the  rock 
survived  in  the  existing  pebbles,  which,  however,  were  softer  than 
the  Wenlock  shale.  There  was  no  other  rock  of  similar  character 
in  the  district.  He  also  thought  the  general  position  of  the  beds 
favoured  the  idea  of  denudation  they  had  suggested  ;  but  there  was 
no  certain  physical  evidence  as  to  the  direction  whence  the  fragments 
had  proceeded. 


Digitized  by 


Google 


Digitized  by 


Google 


276  0.  W.  SBDatJBSOLB  ON  THfe  BBITI8H 

with  the  true  size  of  the  polyzoarium,  which,  as  a  rule,  is  much 
greater  than  previous  writers  have  suspected ;  (2)  not  allowing  for 
the  natural  difference  in  the  structure,  both  at  various  periods  and 
parts  of  its  growth ;  (3)  the  uncertainty  as  to  the  typical  form. 

With  regard  to  size  I  have  traced  the  folded-up  expansion  of 
Fenestella  plebeia^  M'Coy,  along  lines  of  bedding,  which  showed  that 
it  attained  a  circumference  of  at  least  two  feet,  and  probably  more. 
It  will  be  convenient  to  describe  the  growth  as  having  three  clearly 
marked  stages,  viz.  the  young,  the  mature,  and  the  aged  form, 
each  of  which  differs  much  from  the  others  in  outward  appearance. 
The  young  or  early  condition  of  the  polyzoon  was  foliaceous  in 
shape,  often  cordate,  some,  as  Fenestella  nodulosa^  Fhill.,  having  a 
distinct  stem. 

The  mature  form  was  a  circular  or  oval  expansion,  more  or  less 
depressed  in  the  centre,  the  extremities  terminating  in  semicircular 
lobes,  slightly  folded  or  plaited.  The  flabelliform  shape,  so  often 
mentioned  by  writers  on  the  subject,  is  not  a  ti-ue  or  perfect  form, 
but  a  segment  taken  from  the  outer  expansion  of  the  polyzoarium. 
In  the  aged  stage  (and  in  this  we  may  take  Fenestella  plebeian  M^Coy,  as 
the  type)  the  interstices  and  dissepiments  become  so  much  thickened 
as  to  resemble  Polypora  in  size  and  character,  the  latest  phase  being 
from  the  straight  interstice  to  zigzag,  caused  by  an  increased  growth 
between  the  angle  of  the  interstice  and  dissepiment.  The  fene- 
strules  in  consequence  became  hexagonal.  I  have  little  doubt  that 
this  last  stage  of  Fenestella  plebeiay  M*Coy,  is  the  FenesteUa  arctica, 
Salter  *,  from  the  Carboniferous  Limestone  of  the  Arctic  regions. 

It  is  to  be  noted  that  these  successive  stages  of  growth  were  each 
marked  by  peculiar  features  in  the  polyzoarium  which  deserve 
mention. 

The  basal  portion  at  all  times  differed  considerably  from  the 
upper  portion.  In  the  early  growth  the  fenestrules  were  large  and 
irregular ;  in  the  later  both  smaller  and  r^ular.  The  thickening 
at  the  base  was  a  gradual  and  continuous  process,  which  went  on 
until  the  pore-cells  became  obliterated  and  tJie  real  base  became  a 
solid  calcareous  mass. 

Now  in  bringing  this  information  to  bear  upon  the  drawings 
and  description  of  Fenestella  given  by  Phillips  and  Prof.  M*Coy, 
and  particularly  the  Folyzoa  named  by  the  latter,  and  now  in  the 
Woodwardian  Museum,  which  I  have  been  permitted  to  examine 
by  the  courtesy  of  Prof.  M*Kenny  Hughes,  I  find,  as  a  matter  of 
fact,  that  in  some  instances  the  young,  the  mature,  and  aged  con- 
dition of  the  same  polyzoon  have  been  described  as  distinct  species, 
a  similar  distinction  being  sometimes  conferred  upon  the  base  and 
the  upper  growth  of  the  polyzoary. 

These  variations  in  fossil  polyzoal  growth  have  not  been  unnoticed 
by  careful  observers.  Writing  recently  of  an  allied  form,  Pdypora 
biarmicay  Keys.,  li.  Etheridge,  jun.,  says  of  it  that  "  it  is  a  most 
interesting  one,  from  the  peculiar  change  the  polyzoarium  appears 
to  undergo  with  age  and  increased  growth.  The  obverse  and  re- 
*  Belcher'f  •  Arctic  Voyage,*  1855,  vol.  u.  p.  385,  t.  86.  f .  8. 
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ffer  80  materially  in  appearance  that  they  might  easily  be 
D  for  distinct  species,  were  it  not  for  their  constant  occurrence 
*  in  close  proximity,  and  also  that  some  of  the  fragments 
ractured  as  to  show  the  gradual  passage  from  the  broad  flat 
le  of  the  obverse  to  the  narrower  and  more  convex  stems  of 

is  here  said  to  hold  good  respecting  Polypora  btarmica  I 
[)e  true,  not  only  of  the  Penestellidae  in  particular,  but  of  the 
bed  forms  of  Polyzoa  in  general.  Unfortunately  for  the 
f  palseontology  these  facts  have  not  been  allowed  to  have 
le  weight  in  the  description  of  the  various  species ;  and  the 
as  been  a  needless  multiplication  of  ill-defin^  and  uncertain 
erj  perplexing  to  the  student  and  of  doubtful  bene^t  to  the 

ng  in  mind  the  differences  which  I  have  pointed  out  in  the 
)r  of  the  individual  polyzoon,  it  is  no  wonder  that  the  early 
rs  fell  into  this  error  when  the  determination  was  often 
om  fragments  only,  and  these  imperfect. 

important  even  than  this  was  that  they  failed  to  see  the 
iracter  of  the  genus.  HK]!oy  believed  that  it  would  be  found 
'irypaf.  Although  some  species  of  Fenestella  pointed  in  the 
BCtion  it  was  not  discerned.  At  this  time  the  character  of 
us  was  a  poriferous  face,  bare  and  smooth,  the  cell-pores 
th  the  interstice  and  the  latter  having  a  faint  keel.     In  1874 

Young  and  Young  announced  the  discovery  of  a  new 
fcrouB  polyzoon^  having  the  outline  of  a  Fenestella,  but 

many  new  features  that  they  felt  themselves  justified  in 
\  for  it  a  new  genus,  Actinostoma,  calling  the  species,  to 
i  specific  character,  fenegtraium, 

is  species  the  true  cell-pore  stood  well  up  above  the  inter- 
rounded  nipple-shaped  projection  terminating  in  an  opening 
th  furnished  with  eight  denticles  set  around  the  margin, 
his  was  a  smaller  and  more  superficial  opening,  which  may 
sn  the  base  of  some  polyzoal  appendage.  On  the  prominent 
re  elongated  prominences  with  smaller  ones  at  regular  in- 

apparently  they  had  been   hollow,  and  may  have  been 

This  highly  ornamental  variety,  presenting  a  strange  con- 
the  majority  of  the  Fenestellidae,  was  really  the  more  perfect 
I  Fenestella  nodulosa,  Phill.  §,  although  not  recognized  as 

the  time  by  the  original  discoverers.  Still  it  is  due  to 
Young  to  state  that  to  them  we  are  indebted  for  the  first 
into  the  true  type  of  the  genus  Fenestella.  8iuce  then  it 
m  ascertained  that  when  Actinostoma  fenestratum.  Young, 
n  worn  down  by  attrition  or  the  action  of  water  it  becomes 
re  know  as  Fenestella  nodulosa,  Phill.  It  is  a  common 
ace  for  a  frond  to  have  upon  it  the  characters  of  both  Fene^ 

*  Quart.  Joum.  Geol.  Soc.  toI.  xxxiy.  p.  622. 
t  M'Ooy'a  Syn.  Carb.  Fosa.  Ireland,  p.  200. 

iQubft.  Joum.  Geol.  Soo.  ▼ol.  xxx.  p.  681. 
Oeol.  YorkB.  pL  1.  figs.  31,  32,  33. 
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Stella  noduloBa,  Phill.,  and  Actinostoma  fenestrcUum,  Young,  the 
difference  being  due  to  preservation  and  to  no  other  canse. 

An  important  question  next  arises,  Is  Fenestdla  nodulosa,  PhilL, 
peculiar  in  respect  to  these  details,  or  are  the  features  observable  in 
Actinostoma  common  to  all  the  FenestelUe  ?  I  think  we  have  evidence 
in  favour  of  the  latter  view.  In  several  species  I  have  noticed  the 
prominent  ceU-pores ;  and  in  one  instance  I  have  traced  the  rayed 
cell-mouth  as  in  Actinostoma  as  belonging  to  FenesttUa  plebeia^ 
M'Coy,  also  as  having  the  prominences  on  the  keel. 

In  another  species,  Fenestdla  polyporata,  which  Phillips  figures 
without  a  keel,  I  have  found  it  having  a  prominent  keel  with  strong 
spear-shaped  projections  upon  it. 

It  is  evident,  therefore,  that  Fenestella  nodulosa,  Phill.,  is  not 
alone  in  possessing  the  characters  given  to  Actinostoma. 

There  is  an  additional  reason  for  thinking  that  this  ornamenta- 
tion was  common  to  all  the  Penestellidse,  since  the  worn-down  form 
of  Fenestella  nodulosa,  Phill.,  in  no  respects  differs  from  the  other 
members  of  the  family  in  a  similar  condition.  It  seems  only  fair, 
then,  to  believe  that  the  bare  and  smoothed  condition  of  most  of  the 
FenestellidsB  is  due  to  attrition  in  the  Carboniferous  sea,  which  has 
destroyed  aU  the  prominences  and  delicate  surface-markings,  and 
that  only  in  rare  and  exceptional  cases  have  they  escaped  this 
treatment. 

It  may  be  interesting  here  to  notice  that  in  an  enlarged  drawing 
of  the  poriferous  face  of  Fenestella  tenuic4p8,  Hall  ♦,  the  interior  of 
the  oell-mouth,  instead  of  being  blank,  is  filled  with  a  circular 
arrangement  of  fine  points,  evidently  intended  for  organic  structure. 
If  so,  then  it  may  be  that  we  have  here  a  foreshadowing  of  the 
denticulate  cell-aperture  of  Actinostoma. 

1  propose  to  arrange  the  various  described  forms  o{  Fenestdla  under 
the  following  species. 

Fekbsislla  plsbsia,  M'Coy. 

Fenestella  antiqua^  Lonsd.,  M*Coy*s  Syn.  Carb.  Foss.  Ireland, 
p.  200 

F.  carinata,  M*Coy,  Syn.  Carb.  Foss.  Ireland,  pi.  28.  fig.  12. 

F.flustriformis,  Phill.,  Geol.  Yorks.  pi.  1.  figs.  11,  12. 

F.  irregularis,  Phill.,  Geol.  Yorks.  pi.  1.  figs.  21,  22. 

Fformosa^WCoy,  Syn.  Carb.  Foss.  Ireland,  pi.  29.  fig.  2. 

F.  txtherculO'Carinata,  R.  Ether.,  jun.,  Mem.  Geol.  Surv.  Scotl. 
sheet  23,  p.  101. 

F.  widulata,  Phill.,  Geol.  Yorks.  pi.  1.  figs.  16, 17,  18. 

This,  which  is  the  common  species  of  the  group,  is  individually 
more  numerous  than  any  other.  In  size  of  structure  it  occupies  s 
position  between  Fenestella  nodulosa,  Phill.,  and  Fenestella  poly- 
porata,  Phill.  Its  polyzoarium,  in  adult  specimens,  was  from 
18  inches  to  2  feet  in  circumference.     Phillips  found  and  figured 

»  HaU'B  Palftont.  N.  York.  1852,  pi.  40  D.  fig.  2. 
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FxKBSTBLLA  CRA8SA,  M'Coy,  Sjii.  Carb.  F088.  Ireland,  pL  29.  fig.  1. 

FenesUUa  laxa,  Phill.,  Geol.  Yorkg.  pi.  1.  figs.  26-30. 

In  point  of  size  of  interstice  «fec.  this  is  the  largest  of  the  British 
species.  Both  Phillips  and  Prof.  M'Coy  have  described  it,  the 
former  imperfectly,  the  latter  with  care  and  accuracy.  Prof.  M'CJoy 
says  that  his  species  is  allied  to  that  of  Phillips,  but  possesses  dis- 
tinct features ;  in  other  words,  his  specimen  was  not  so  much  worn 
down  as  that  of  Phillips.  Prof.  M'Coy's  is  by  far  the  fullest  and  best 
description  of  this  species,  and  I  prox)ose  to  retain  the  name  given 
to  it  by  him. 

Eekestblla.  poltpobata,  Phill.,  Geol.  Yorks.  pi.  1.  figs.  19,  20. 

Fenestella  muUiporata^  M'Coy,  Syn.  Carb.  Foss.  Ireland,  pi.  28. 
fig.  9. 

This  species  in  size  is  intermediate  between  FenateUa  erassa^ 
M'Coy,  and  FmesUlla  plebeia,  M*Coy.  Both  Phillips  and  M*Coy 
describe  the  denuded  form  of  the  species.  M'Coy  based  the  difierence 
between  the  two  species  upon  the  absence  of  keel  in  Fene^lla 
polyporata^  Phill.,  and  its  presence  in  FenestdJa  fnuUiporata,  M'Coy, 
which  means  that  F,  polyporata  had  been  rather  more  denuded  than 
F,  muUiporata.  The  almost  perfect  remains  of  an  individual  of 
this  species  which  I  have  recently  discovered  have  the  cell-pores 
prominent  and  projecting,  and  the  keel  with  spiny  processes  at 
intervals.  As  Phillips  has  fairly  drawn  the  denuded  form,  it  is  only 
right  that  the  name  which  he  gave  to  it  should  be  retained. 

Fehestella  kodtjlosa,  PhilL,  Geol.  Yorks.  pi.  1.  figs.  31,  32,  33. 

FeMstella  frutex,  M'Coy,  Syn.  Carb.  Foss.  Ireland,  pi.  28.  fig.  10. 
F.  biceUulata,  K.  Eth.,  jun.,  Mem.  Geol.  Surv.  Scotland,  sheet  23, 
p.  101. 

ActinosUma  feneatratum,  Young,  Q.  J.  G.  8.  vol.  xxx.  p.  681. 

In  size  of  iDterstice  this  interesting  species  occupies  a  midway 
position  between  FenesUUa  memhranacea,  Phill.,  and  FenesUlla 
plebeia,  M^Coy.  It  is  not  so  common  as  the  latter.  It  is  very 
regular  in  its  mode  of  growth,  and  is  altogether  an  object  of  con- 
siderable beauty.  Its  early  growth  much  resembles  a  tiny  shrub, 
as  mentioned  by  Prof.  M'Coy.  In  this  stage  it  has  a  distinct  stem 
or  footstalk  with  parallel  interstices  having  dissepiments  describing 
a  series  of  semicircles  around  the  base.  This  is  the  FenesUUa  frtniex^ 
M'Coy.  The  mature  but  wom-down  form  is  the  FtneMtila  nodu- 
losa,  Phill.  As  we  approach  the  more  perfect  condition  of  the 
polyzoon  we  have  the  FentsteUa  biceUuIata,  R.  Eth.,  jun.,  with 
spiny  projections  on  the  kceL  In  Aeiinostoma  fenestratum.  Young, 
as  before  remarked,  we  have  possibly  its  full  development  and  the 
true  type  of  the  species.  It  is  characterized  by  round  and  promi- 
nent pore-cells  with  circular  mouths  set  with  eight  denticles,  and  a 
keel  studded  with  spiny  processes.  Examples  of  this  variety  I  have 
found  in  all  stages  of  mutilation ;  step  by  step  have  the  various 
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details  been  removed  until  it  is  plainly  the  Fenestella  nodulosa,  Phil  I. 
The  connexion  between  the  two  forms  can  scarcely  be  more  closely 
established,  eyery  link  in  the  chain  is  complete. 

It  is  qnite  true  that  the  early  workers  among  the  Polyzoa  failei 
to  see  the  tme  generic  form  of  Fenestella.  The  circumstance  that 
we  have  it  now  clearly  established  in  these  ornate  forms  of  the 
F^iestellidaB  scarcely  warrants  the  creation  of  a  new  genus  for  their 
reception.  It  is  admitted  that  the  group  has  hitherto  been  only 
imperfectly  described,  and  that  the  genus  needs  revision.  This  I 
hope  to  accomplish  shortly.  When  this  is  done,  the  retention  of 
Aetinostcma  will  be  unnecessary.  I  see  no  objection  to  the  retention 
of  FhiUipe's  name  for  this  species,  FenesteUa  noduhsa,  even  with  the 
additional  details  to  be  giyen  to  it. 

FkVEBTEIXA  XEMBRAITACEA,  PhiU. 

FerusUUa  Unuifila,  Phill.,  Geol.  Yorks.  pi.  1.  figs.  23,  24,  25. 

F,  hemispheric,  M'Coy,  8yn.  Carb.  Foss.  Irel.  pi.  29.  fig.  4. 

FflabMata,  Phill.,  Geol.  Yorks.  pi.  1.  figs.  7-10. 

Hemitrypa  hibernica,  M'Coy,  Syn.  Carb.  Foss.  Ireland,  p.  205, 
pL  29.  fig.  7. 

The  aboye  are  the  most  minute  and  delicate  of  the  British  forms. 
In  size  and  specific  characters  they  are  all,  within  reasonable  limits, 
identical. 

FenesteUa  memhranacea,  Phill.,  differs  in  shape  from  all  the  other 
CaBJboniferous  yarieties.  The  commencement  of  its  growth  was  a 
hollow  cone  with  anchoring  rootlets  ;  the  cone  rapidly  widened  and 
expanded  outwards,  forming  folded  and  lobed  fronds  around  the 
ori^nal  cone.  The  cone  is  FenesteUa  mevnhranacea,  Phill. ;  the 
upper  and  expanded  part  of  the  polyzoarium  is  known  as  Fenestella 
flaheUatay  Phill.,  and  FenesteUa  tenuifila,  Phill.  Sometimes  the 
conical  base  commenced  its  outward  extension  somewhat  earlier, 
causing  it  to  assume  a  somewhat  globose  shape ;  in  this  state  it  is 
the  FenesteUa  hemispheriea,  M^Coy.  It  is  only  right  that  I  should 
state  that  W.  H.  Baily  regards  Fenestella  memhranacea,  Phill.,  as 
identical  with  F,  hemispheriea,  M'Coy  *. 

Now  as  to  these  synonyms :  looking  to  the  complete  agreement 
which  exists  as  to  pore-cells,  interstices,  and  dissepiments  between 
FenesteUa  membranacea^  F.  tenuijlla,  and  F.flahellata  there  need  be 
no  doubt  or  hesitation  in  allowing  the  "spreading  corallum"  in 
Prof.  M'Coy's  description  of  Fenestella  flabellata  to  resume  its  right 
place  on  the  "  elongate  conical  polyzoarium  "  of  Phillips's  Fenestella 
memhranaeea.  In  so  doing  we  not  only  make  it  a  **  thing  of  beauty,*' 
but,  what  is  still  more  important,  restore  it  to  its  true  life-form. 

I  will  now  allude  to  the  genus  Hemitrypa,  M'Coy.  As  such 
its  claims  are  not  now  for  the  first  time  called  in  question.  It  is 
described  as  haying  "  an  internal  network  coyored  with  an  external 
sheath,"  while  of  Hemitrypa  hibemica  f  we  are  told  that  "  the  in- 

♦  Bail/s  Palffiozoio  Foss.  p.  107. 

t  WCofn  Syn.  Garb.  Foss.  Ireland,  p.  205. 
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*  «  temal  network  is  keeled  and  poriferous,  as  in  FenesUUoy  indee< 
«    ,  resembles  Ferustdla  membranaceaj'    To  complete  the  evidence  as  i 

the  connexion  of  Hemitrypa  with  FenesUUa^  W.  H.  Baily  says  o 
Fenestella  membranacea,  Phill.,  that  "it  exhibits  impressions  cor 
responding  with  the  condition  of  the  fossil  named  Hemitrypa  hiber 

n  nica,  M'Coy."     Lonsdale,  an  early  worker  among  the  Polyaoa,  ha 

something  to  the  point.  WntmgjialS44,  of  Hemitrypa  sexangitla* 
from  Van  Piemen's  Land,  he  says  of  it  "  that  it  is  not  merely  *  lik< 
some  Ftnestella^*  bnt  it  possesses  all  the  essential  characters  of  tha 

^  genus,  and  is  believed  to  be  a  fi-agment  of -P<m«*<eMa/(w»Mia,  Lonsd."t 

*  Then  he  goes  on  to  say,  "  Of  the  true  nature  of  the  external  net 

work  no  opinion  is  ventured.  That  it  was  a  parasite,  little  doubt  i 
entertained;  and    the   interesting   agreement  between  the  spao 

:  occupied  by  the  double  row  of  meshes  and  that  of  the  parallc 

branches  of  the  FenesUlla  arises  apparently  from  the  latter  bavin] 

f  afforded  suitable  base-lines  for  attachment."    There  can  be  no  doub 

that  the  interior  portion  of  Hemitrypa  hibemica  is  a  true  FenesteUa 

*  J  nor  need  we  be  in  any  doubt  as  to  the  species.     Only  one,  FenesieU 
'   .  membranacea^  Phill.,  has  a  conical  base.     The  difficulty  has  alway 

been  the  external  sheath.    It  is  important  to  mention  that  the  sam 

form  is  parasitic  on  brachiopods  and  crinoids,  as  well  as  FenesUUi 

:\    "i  Its    connexion   therefore  vrith  Fenestella  is    accidental  and   nc 

structural.     It  is  without  doubt   a  small  coral  common  to  th 

V  limestone,  very  similar  to  Flustra  pdlmatay  M*Coyt,  the  empt 

V  \  calicos  of  which  cover  over  and  conceal  the  Fenestella  beneatl 
'.  .*'  Hemitrypa^  as  we  have  seen,  has  Fenestella  membranacea^  Phill.,  fc 

^     ^  the  groundwork  and  a  microscopic  coral  or  polyzoon  for  the  supei 

[''■  ,S  structure. 

J  Prof.  M'Coy  has  a  note  to  the  effect  that  "  Hemitrypa  hihemic4 

V  ;;  M'Coy,  is  possibly  only  the  perfect  state  of  Fenestella  "§.  We  ha\ 
t  -^  seen  that  Actinostoma,  and  not  Hemitrypa^  furnishes  the  true  tyj 
'*'  '  \  of  the  genus  Fenestella, 

,    -  '*  It  is  perhaps  best  to  retain  the  name  of  Fenestella  membranaa 

t '     ]^  given  to  this  species  by  Phillips ;  otherwise,  from  its  unique  form, 

"^  might  well  be  distinguished  as  Fenestella  carbonaria. 

•'      .*  The  remainder  of  the  Carboniferous  species  of  Fenestella  (six  i 

.   ^  number)  are  of  doubtful  character.    Of  Fenestella  intertextaj  Portl. 

.       K  it  is  enough  to  say  that  it  has  none  of  the  characteristio  marks  ( 

,  the  genus.     It  is  not  a  Fenestella.    On  the  other  hand,  Oorgonx 

^  regularise  Portl.lT,  from  the  Silurian,  is  a  true  Fenestella;  and  tl 

J  description,  which  is  exceedingly  true  of  Fenestella  growth,  is  i 

.  J  follows: — "Grows  from  a  central  attachment  into  a  circular  flai 

\  t^ned  expansion.     The  stems  are  slightly  branched,  wiry,  rath< 

'  distant,  and  united  by  regular  dissepiments." 

'/,  *  Darwin's  2nd  Voy.  Beagle,  pt  2,  p.  167. 

i   '  t  Darwin's  2nd.  Vov.  Beagle,  pt.  2,  p.  168. 

'  '     ?  1  M'Coy's  Syn.  Carb.  Fobs.  Ireland,  pi.  26.  flg.  14. 

^        ■'  §  McCoy's  Syn.  Oarb.  Foss.  Ireland,  p.  205. 

II  Geol.  Londonderry,  p.  324,  pi.  xxii  A.  fig.  3. 

^  t  Ibid,  p.  323,  pL  xx.  fig.  6, 
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Fenestdla  arctica^  var.  scotiea^  Ether.,  Jan.,  k  a  recent  addition  to 
the  list  *.  It  is  unfortunate  that  in  neither  the  species  nor  variety 
▼as  the  poriferous  £nce  in  a  condition  to  admit  of  description.  In 
the  absence  of  all  reliable  specific  details  they  must  be  regarded  as 
donbtfol.  I  have  previously  given  my  reasons  for  believing  that 
fenixUUa  aretica,  Salt.t,  is  the  last  stage  oiFenestella  pUheia,  M'Coy. 
In  this  view  I  am  confirmed  by  the  examination  of  some  specimens 
from  the  shalee  of  High  Blantyre. 

Here  occurs  a  species  which  on  the  reverse  answers  ftilly  the 
description  of  Fenestella  aretica,  Salt.  On  lifting  this  reverse  from 
the  shale  by  the  process  made  known  by  Mr.  John  Young,  P.G.S., 
the  obverse  is  seen  to  have  the  true  characters  of  Fenestella  phbeia, 
M'Coy,  and  with  scarcely  a  trace  of  the  zigzag  markings  which  on 
the  reverse  serve  the  purpose  of  a  bracket  under  the  dissepiment  to 
support  the  increase  of  growth  in  the  polyzoarium. 

FmesUUa  Morrisii,  M'Coy  J,  in  the  Woodwardian  Museum,  is  in 
a  condition  that  defies  specific  definition.  It  is  often  found  in  the 
Carboniferous  strata  that  water  has  removed  the  whole  or  part  of 
the  organic  remains.  In  the  case  of  Fenestella  the  first  portions  to 
disappear  are  the  thin  dissepiments,  leaving  an  irregular  number  of 
pores  between  the  remaining  dissepiments.  Both  Fenestella  Mor* 
risH^  M'Coy,  and  Fenestella  quadradedmalis^  M'Coy  §,  I  believe, 
have  originated  in  this  way.  This  is  partly  borne  out  by  what 
Prof  M*Coy  says  of  Fenestella  Morrisii^  "  dissepiments  thin,  often 
disappeared." 

The  interstices  and  dissepiments  of  Fenestella  quadradecimalis, 
M'Coy,  are  also  described  as  thin,  evidently  water-worn.  The  ex- 
planation of  these  forms  probably  is  that  Fenestella  Morrisii^  M'Coy, 
is  a  fragment  of  Fenestella  plebeia,  M'Coy,  from  which  alternate  dis- 
sepiments have  been  removed.  In  Fenestella  quadradecimalis,  M*Coy, 
the  same  thing  has  occurred  to  Fenestella  poJyporata,  Phill.,  giving 
twice  the  usual  number  of  pores  between  the  dissepiments.  This 
loss  of  dissepiments  in  Fenestella  is  a  very  ordinary  occurrence,  and, 
in  the  case  of  fragments,  likely  to  mislead,  as  the  means  of  correc- 
tion are  not  to  hand.  Hall  figures  a  Fenestella  (prisea)  with  the 
dissepiments  absent  ||.  There  still  remain  unnoticed  Fenestella 
oculata^  M'Coy,  Fenestella  ejuncida,  M*Coy,  and  Fenestella  varicosa, 
H'Coy.  They  are  mostly  unknown  to  the  most  diligent  workers 
among  the  Polyzoa.  Small  pieces  may  be  found  having  more 
or  less  divergent  features;  but  it  is  a  question  whether  these  are 
distinct  species  or  mere  variations  in  growth,  such  as  often  occur 
on  lai^  fronds,  and  in  so  marked  a  manner  that,  by  the  same  rule, 
two,  three,  or  even  four  supposed  species  might  t)e  made  out  of  a 
portion  only  of  the  polyzoarium.  It  is  significantly  said  of  Fenes- 
UUa  octdata  by  Prof.  M'Coy  that  it  "  occurs  only  in  fragments.** 

»  Ann.  &  Mag.  Nat.  Hist.  ser.  4,  voL  ix.  p.  31. 

t  Belcher's  Arctic  Voyage,  1855.  vol.  ii.  p.  385.  t.  36.  Hg.  8. 

X  Sjm.  Carb.  Foss.  Ireland,  pi.  28.  fig.  14. 

I  Ibid.  pi.  28.  fig.  13. 

I  Hall's  Palwout,  New  York,  toI.  ii,  pi.  jix,  fig.  46, 
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Fragments  of  Fenestella  are  not  always  to  be  relied  upon  for  tb 
purposes  of  classification.  It  is  clear  from  what  has  been  said  tht 
if  fragments  of  Polyzoa  had  been  less  relied  upon  by  desoriben 
much  of  what  has  been  written  in  this  paper  would  have  been  un 
necessary. 

DiscirssioN, 

Mr.  De  Range  bore  witness  to  the  great  industry  of  the  authc 
in  working  out  this  question,  and  to  the  value  and  excellence  < 
preservation  of  the  specimens  derived  from  the  Halkin-Mountai 
quarries. 
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23.  On  a  new  Gbotjp  of  Prb-Cakbuian  Rocks  (the  Abvonian)  in 
Pembrokebhirb,  By  Henry  Hicks,  M.D.,  F.G.8.  With  an 
Appendix,  by  T.  Davies,  Esq.,  F.G.S.    (Read  February  5, 1879.) 

DtTBEse  my  researches  in  Pembrokeshire  last  year,  I  was  fortunate 
enough  to  discover  some  new  areas  of  Pre-Cambrian  rooks,  and, 
moreover,  to  make  out  that  the  rocks  which  chiefly  occupied  those 
areas  were  generally  unlike  those  which  I  had  previously  described 
nnder  the  names  Dimetian  and  Pebidian. 

Indeed  it  soon  became  evident  that  the  majority  were  of  a  kind  such 
as  had  not  previously  been  recognized,  at  least  to  any  extent,  in  the 

Fig.  1. — Sketch  Map  of  St.  DavicTs  Head  and  the  neighbouring  parts 
of  Pembrokeshire.     (Scale  about  6  miles  to  1  inch.) 
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\i^  formed,  the  metamorphio 

Mietamorphism  and  softening 

)W  the  particles  to  arrange 

'initios.     In  generiU,  as  well 

V  i8  so  like  the  **  Halleflinta" 

•])08e  for  the  present,  in  the 

.  to  give  that  name  to  all  the 

Though  the  group  may  bo 

so  halleflintas,  we  yet  find 

es,  evidently  old  lava-flows, 

highly  acid   group  on   the 

h  has  entered  into  the  com- 

'ly  derived  either  directly  as 

breaking  up  and  denudation 

•urse,  with  a  certain  propor- 

i  line  with  the  former,  though 
lickness  of  Lingula-flags  and 
Ti  dropped  between  by  faults, 
ith  an  average  width  through- 
A  estem  edge  the  Lower  Cam- 
-,  and  between  these  and  the 
M^ds  probably  of  Pebidian  age. 
^ilurian  rocks  abutting  against 
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British  Isles.  They  were  marked  on  the  Geological  Survey  Maps  as 
intrusive  felstones ;  hut  a  very  cursory  examination  proved  that  they 
were  not  of  that  nature,  and  that  they  were  in  reality  hedded  sedi- 
mentary rocks  which  had  undergone  metamorphic  change.  The  first 
area  which  I  propose  to  describe  lies  about  five  miles  to  the  N.W.  of 
Haverfordwest.  It  has  a  general  E.N.E.  strike,  is  narrow  towards 
the  west,  and  widens  out  eastward  and  there  throws  out  two  arms 
which  at  their  extremities  are  distant  about  two  miles.  The 
actual  width  exposed  at  its  greatest  breadth  is  rather  over  a  mile ; 
and  as  the  beds  appear  everywhere  nearly  vertical  and  not  repeated, 
wo  have  probably  a  vertical  thickness  of  strata  shown  of  not  much 
less  than  a  mile  in  extent.  The  ridge  formed  by  these  rocks  is  for 
the  most  part  barren  and  wild-looking,  and  the  highest  point,  called 
Plumstone  mountain,  attains  to  a  height  of  nearly  600  feet.  Lower 
Cambrian  rocks  rest  upon  it  along  the  N.W.  edge  for  about  two 
thirds  of  the  distance,  and  faulted  Lingula-flags  along  the  remainder. 
The  southern  and  eastern  sides  are  also  in  contact  with  faulted 
Lingula-flags  for  the  most  part,  though  at  some  places  Lower  Silurian 
rocks  have  been  brought  down  against  it.  lioch  Castle,  an  old 
fortress,  and  a  very  conspicuous  object  on  the  road-side  between 
Haverfordwest  and  St.  David's,  stands  almost  on  the  western  ex- 
tremity of  the  ridge  ;  and  as  the  rocks  are  very  well  exposed  at  this 
point,  the  spot  is  a  very  favourable  one  for  their  examination.  In 
colour  they  are  mostly  of  a  dull  yellowish-grey  tint,  though  some  of 
the  beds  are  light  and  very  quartzose  in  appearance,  others  dark 
and  cherty-looking.  The  lighter  ones  also  are  frequenUy  banded  in 
deeper  tints.  Some,  again,  appear  at  first  sight  as  if  porphyritic  from 
grains  of  quartz  ;  but  these,  it  will  be  seen,  are  identical  in  character 
with  the  others  when  examined  under  the  microscope.  The  texture 
usually  is  hard  and  flinty,  and  they  break  frequently  with  an  im- 
perfect conchoidal  fracture.  Others  have  a  more  homy  fracture. 
I  have  had  several  microscopical  sections  made  of  those  rocks ;  and 
Mr.  T.  Davies,  F.G.S.,  of  the  British  Museum,  has  kindly  given 
descriptions  of  these  in  the  Appendix  (Nos.  1,  2,  &  3).  Speaking 
generally,  the  rock  may  be  described  as  a  "  microcrystalline  mass 
of  quartz-grains  with  some  interstitial  light-grey  substance,  having 
but  little  action  on  polari  zed  light."  But  the  chief  peculiarity  consists 
in  the  manner  in  which  the  quartz  is  separated  away  into  nests,  so 
as  to  give  that  curious  porphyritic  appearance  already  mentioned. 
The  mode  of  behaviour  of  the  quartz  also  here  is  particularly  in- 
teresting and  instructive  in  regard  to  the  changes  which  many 
crystalline  rocks  have  undergone,  especially  the  gneisses.  In  some 
cases  the  quartz  is  seen  in  distinct  fragments,  but  yet  coalescing, 
as  if  attracted  together  by  some  natural  affinity  from  the  surrounding 
material.  In  the  next  place  the  grains  are  so  compressed  together 
(and  yet  distinctly  fragmentary)  that  all  other  material  is  removed, 
and  nests  of  pure  quartz  grains  only  are  seen,  having  a  very  cryB- 
tallino  appearance.  By  this  selective  process  also  the  darker  material 
is  brought  together  and  made  to  fold  round  the  nests,  so  that  a 
banded  or  imperfect  flow-structure  is  given  to  the  rock.     All  this 
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to  the  road-side,  and  offer  very 
favourable  opportunities  for  their 
examination  and  for  the  collection 
of  specimens. 

Another  area  of  these  rocks  oe- 
curs  to  the  N.W.  of  those  just  de- 
scribed, here  also  running  in  a  di- 
rection from  NJil.  to  S.W.,  and 
parallel  to  and  apparently  flanking 
towards  the  S.£.  the  Dimetian 
axis  of  Brawdy  and  Hayscastle. 
The  detached  mass  on  the  coast, 
in  a  line  with  this  ridge,  is  also 
more  of  the  nature  of  these  rocks 
than  of  the  Pebidian  or  Dimetian. 

It  will  be  seen  also  that  they 
form  a  considerable  proportion  of 
the  so-called  Dimetian  axis  at  St. 
David's. 

In  my  last  paper  on  the  Dime- 
tian and  Pebidian  rocks  of  St. 
David's*,  I  called  attention  to  the 
fact  that  the  series  1  and  2  in  the 
general  section  there  described 
were  lithologically  very  unlike 
the  series  4,  5,  6,  and  7,  which 
I  stated  formed  the  bulk  and  ty- 
pical portions  of  the  Dimetian. 
The  series  1  and  2  were  called 
generally  quartz-porphyries  and 
quartz-fekites,  and  were  then  sup- 
posed to  have  either  a  volcanic  or 
intrusive  origin.  They  were  also 
excluded  in  the  calculation  of  the 
thickness  of  the  Dimetian  on  ac- 
count of  their  doubtful  character 
and  dissimilarity  to  the  rocks  of 
that  group.  But  as  at  that  time 
there  was  no  evidence  to  show  that 
these  were  distinct  from  the  Di- 
metian in  any  other  way  than  in 
their  mode  of  origin,  and  as,  more- 
over, it  was  clearly  seen  they  could 
not  be  allied  to  the  Pebidian  (since 
the  latter  everywhere  rested  upon 
them  unconformably),  I  felt  justi- 
fied in  keeping  them  with  the  Di- 
metian. 

♦  Quart  Joum.  G^eol.  See.  vol.  xxzir. 
p.  153. 
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liscovery  of  new  areas,  however,  has  now  made  it  clear  that 
iiartz-felsites  are  more  characteristic  of  the  Arvonian  group, 
lally  in  association  with  the  halleflintas ;  and  that  at  St. 
y  as  elsewhere,  they  are  for  the  most  part  old  rhyolitio  lavas 
atifying  rocks  of  the  tme  halleflinta  type. 
1  of  the  ground  to  the  N.£.  of  8t.  David's  is  ohscured  hy 
>g8,  and  mossy  ground,  and  hence  some  difficulty  has  heen 
aced  in  unravelling  it  satisfactorily.  I  have,  however,  hy 
y  tracing  all  lines  of  streams,  the  materials  derived  from  deep 
IS  well  as  all  quarries  that  could  he  found,  now  proved  con- 
y  that  at  least  two  thirds  of  the  central  axis  will  have  to  be 
bed  with  the  Arvonian — or,  in  other  words,  that  nearly  all 
red  patch,  coloured  as  syenite  and  felstone  in  the  Geological 
Map,  to  the  N  Jl.  of  St.  David's  will  have  to  be  assigned 
)  formation,  the  lower  portion  only,  that  of  which  I  have 
given  sections,  being  Dimetian. 

discovery  of  the  new  areas  already  referred  to,  viz.  of  Eoch 
efiPgam,  and  of  a  new  type  or  group  of  rocks  there,  has  cleared 
)h.  of  the  difficulty  which  we  had  to  deal  with  in  the  rocks  of 
dd's  and  in  North  Wales ;  and  I  venture  to  hope  that  it  has 
IS  the  clue  by  which  many  other  areas  hitherto  doubtful  may 
iveUed. 

junction  of  the  Arvonian  with  the  Dimetian  may  be  seen 
David's,  about  a  quarter  of  a  mile  to  the  south  of  the  Cathedral 
ar  Bock  House.     The  Dimetian  is  well  exposed  at  Bryn-y- 
where  it  stands  out  as  a  prominent  ridge.     A  little  to  the 
\f  this  there  is  a  slight  depression  in  the  BU^ace  of  the  ground ; 
is  I  consider  to  mark  a  line  of  fault,  for  immediately  beyond 
e  Arvonian  rocks  are  seen  striking  up  towards  the  ridge.     The 
beds,  as  seen  on  the  road-side  near  the  Deanery,  show  some- 
»f  a  brecciated  appearance ;  but  when  the  rock  is  submitted  to 
oopical  examination  this  character  is  less  evident,  and  it  may 
y  be  a  form  of  brecciation  in  situ.    Both  this  rock  and  the 
iately  succeeding  one,  according  to  Mr.  Davies's  descriptions 
i  and  5),  come  sufficiently  near  the  halleflinta  type  to  associate 
together.    The  difference  in  any  case  between  them  and  the 
Lan  is  most  marked;  and  the  abrupt  junction  between  the  one 
le  other  at  this  point  has  led  me  to  place  here  the  line  of 
cation.     Succeeding  these,  as  we  trace  the  line  to  the  N.E., 
le  quartz-felsites  and  porphyries  mentioned  in  my  former 
and  which  are  well  exposed  near  the  church   and  board- 
s.     No.  6  in  Appendix  also  comes  from  this  point.     Nearly 
te  this,  on  the  east  side  of  the  ridge,  between  Trepewet  and 
%  true  halleflintas  are  found,  in  some  cases  showing  a  brec- 
appearance,  but  in  others  the  compact  variety  found  at  Boch 
reffgam.    These  show,  under  the  microscope,  the  characteristic 
of  quartz,  and  one  of  the  brecciated  ones  is  described  by  Mr. 
B  in  No.  7.     In  association  with  these  are  found  the  quartz- 
yries  of  the  Church-school  quarry  type ;  and  resting  uncon- 
kbly  upon  the  whole  are  the  great  agglomerates  of  Clegyr 
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Hill,  the  base  beds  of  the  Pebidian,  which  are  made  up  chiefly  of 
masses  of  Bimetian  rocks,  of  quartz-felsites,  spherolitic  felstones, 
and  halleflintas,  and  all  in  the  condition  in  which  they  are  now 
found  composing  the  underlying  ridges.  From  this  evidence  it  is 
tolerably  clear  that  the  position  of  the  Arvonian  or  halleflinta  group 
is  intermediate  between  the  Dimetian  and  the  Pebidian,  and  that 
there  is,  at  least  in  this  area,  verj^  dear  proof  of  unconformity, 
and  hence  of  a  lapse  of  time  having  intervened. 

From  this  point  to  near  Llanhowell  there  are  but  few  exposures ; 
but  it  is  clear  from  the  rocks  that  I  have  been  able  to  examine  that 
they  are  much  of  the  same  character  as  those  nearer  St.  David's, 
an  alternating  series  of  true  hiilleflintas,  breccias,  and  quartz-felsites 
usually  striking  across  the  axis.  Near  Caervoriog  Bridge,  the  Pebi- 
dian agglomerate  is  made  up  in  some  cases  almost  entirely  of  masses 
of  hiUleflintas.  At  and  about  Llanhowell  the  rock  is  of  a  lighter 
appearance  than  further  south,  and  a  section  has  been  examined 
(No.  8,  Appendix). 

Beyond  this,  and  extending  as  far  as  the  great  E.  and  W.  fault, 
halleflintas  and  breccias,  with  some  quartz-felsites,  are  again  the  pre- 
vailing rocks  {vide  No.  9,  Appendix). 

All  along  the  flanks  of  this  axis  on  either  side  and  dipping  away 
from  it  are  found  either  Pebidian  or  Lower  Cambrian  rocks,  the 
former  everywhere  along  the  N.W.  and  nearly  along  the  whole 
of  the  S.E.  side.  The  N.  end  is  cut  off  by  the  E.  and  W.  fault, 
and  Upper  Cambrian  and  Lower  Silurian  rocks  have  here  been 
brought  against  it.  Two  other  masses  of  Arvonian  rocks  are  found 
in  a  line  to  the  east  of  the  north  end  of  the  ridge ;  and  these  in  their 
lithological  characters  are  almost  identical  with  those  described  from 
the  axis. 

The  prevailing  characters  in  the  three  formations  of  Pre-Cambrian 
rocks  now  made  out  in  Pembrokeshire  may  be  briefly  defined  as 
under: — 

(a.  Micaceous,  talcose,  and  chloride  schists,  with  slaty  and 
massiTe  green  bands  containing  epidote,  serpentine, 
&c. 
b.  Tuffs,  indurated  ashy  shales,  breccias,  silTery  schists, 
poroellanitee,  conglomerates,  and  agglomerates. 
Arvonian...     Breccias,  halleflintas,  and  quartx-felsites. 
Dimetian     /  Q"*"*^^"®  rocks,  granitoid  gneiss,  and  compact  granitoid 
"'\         rocks  with  bands  of  crystalline  limestone. 

Speaking  generally,  it  may  be  said  that  the  state  of  alteration  or 
metamorphism  exhibited  by  the  rocks  in  each  of  these  formations  is 
in  proportion  to  their  age,  the  Dimetian  being  the  most  highly 
altered,  and  the  Pebidian  the  least  so. 

This,  however,  will  not  apply  to  ever}'  member  in  each  group ;  for 
some  materials,  as  is  well  known,  tend  to  change  more  readily  than 
others.  For  instance,  deposits  which  are  of  chemical  origin,  or 
even  partially  so,  naturally  assume  a  more  crystalline  appearance 
than  those  entirely  made  up  of  detrital  materials.  Again,  sediments 
largely  made  up  of  volcanic  materials  readily  put  on  a  metamorphic 
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;  and  this  is  increased  also  by  the  frequent  presence  of  crystals 
^ments  of  crystals  derived  directly  from  volcanos,  and  some- 
also  from  the  denudation  of  igneous  rocks.  Then,  again, 
nade  up  of  large  fragments  and  rough  materials  are,  on  the 

less  easily  attacked  than  those  of  a  more  homogeneous  nature, 
b  of  these  formations,  however,  by  the  majority  of  the  rocks 
jing  them,  show  a  state  of  alteration  peculiarly  characteristic  ; 
cm  this  fact,  as  well  probably  as  from  the  original  nature  of 
iterials  out  of  which  they  were  formed,  the  rocks  of  each  group 
sily  recognized  after  a  very  slight  acquaintance  with  them. 
L  80  curiously  marked  is  this  in  the  various  areas  examined, 
y  lithological  characters  alone  one  was  frequently  instinctively 
►  recognize  their  presence  where  they  were  previously  quite 
»ected.  It  is  evident  also  that  these  are  not  local  peculiarities 
but  of  very  wide  application,  since  the  descriptions  given  by 
Swedish  geologists  of  similar  rocks  in  their  own  country  indi- 
lat  they  are,  approximately  at  least,  of  the  age  of  these  rocks. 
,  rocks  of  a  like  nature  have  been  described  in  America  by 
sors  Hunt,  Hitchcock,  and  others ;  and  these,  again,  appear  to 

somewhat  equivalent  position  in  geological  succession. 


Dix  on  the  MiCBOscoPiCAL  Structure  of  some  Arvonian  Eocks 
from  Pembrokbshirb.     By  Thomas  Davies,  Esq.,  F.G.S. 

Roch  Castle^  Pembrokeshire  (p.  286). — This  rock,  which  presents 
Ltemal  aspect  of  a  hornstone,  when  examined  in  a  prepared 
1  under  the  microscope  is  seen  to  consist  mainly  of  a  crypto- 
Llinc  ground-mass  which,  in  numerous  nests  and  fissure-like 
I,  is  developed  into  a  microcrj-stalline  structure.  Examined 
%  high  objective,  this  cryptocrystaUine  mass  is  resolved  into 
which  exhibit,  both  in  ordinary  and  in  polarized  light,  the  cha- 
Lstic  aspect  of  quartz,  and  is  found  to  contain  as  an  interstitial 
lent  a  light-grey,  somewhat  indefinable  constituent,  having 
tie  action  on  polarized  light,  and  which,  from  its  great  resem- 
I  to  the  known  felsitic  substance  of  many  of  the  quartz-felsites, 
tutes  the  felsitic  portion  of  the  rock.  The  nests  and  fissures 
ibling  groups  of  coarser  structure)  present  a  rude  parallelism 
itive  either  of  an  incipient  foliation  or  of  a  stratification. 
I  whole  mass  is  traversed  by  numerous  weU-definod  fissures 

distinct  from  the  fissure-like  groups),  which  are  filled  with 
X  crystalline  quartz,  probably  of  subsequent  origin.  Very 
•ous  acicular  crystals  and  spots  of  an  undeterminable  sub- 

(which,  with  a  high  power,  are  found  to  depolarize  light  and 
ime  a  rich  brown  colour)  are  disseminated  through  the  whole, 
panied  by  an  opaque  black  mineral  resembling  magnetite. 
Roch  Castle  (p.  286). — The  compactness  and  dull  splintery 
re  of  this  rock  recall  still  more  than  the  preceding  the  charac* 
cs  of  a  hornstone.  Its  structure  likewise,  as  exhibited  under  the 
tcope,  bears  a  marked  resemblance,  but  is  characterized  by  some 
Lefined  differences.    In  places  an  exceedingly  fine  dust  in  the 
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crjptocrystalline  baBO  is  enclosed  in  wayy  bands,  which  appear  to  have 
been  disturbed  in  their  parallelism  by  the  subsequent  development 
of  the  microcrystalline  nests.  These  nests  and  also  the  fissnre-like 
groupings  are  distributed  throughout,  and  are  encircled  by  bands 
of  a  fibrous  chalcedony,  the  structure  of  which  is  well  exhibited  with 
polarized  light,  the  foliation  or  stratification  being  more  markedly 
illustrated  than  in  No.  1.  In  one  part  of  the  section  of  this  rock 
undoubted  angular  fragments,  distinct  in  size  and  shape  from  the 
mass,  are  enclosed,  affording  further  evidence  of  its  probable  original 
sedimentar}'  origin.  Similar  minute  needles  and  spots  of  the  opaque 
and  sometimes  translucent  brown  mineral  are-  present  here  as  in 
No.  1. 

3.  Treffgam  Rocks  on  Fishguard  Boad  (p.  287). — Another  rock  of 
the  same  type  as  the  two  preceding,  its  structural  peculiarities  being 
almost  identical  with  No.  2.  The  nests  of  quartz  are,  however, 
somewhat  coarser-grained,  while  the  indications  of  foliation  or  stra- 
tification are  not  so  distinct.  Exceedingly  minute  needles  are  dis- 
tributed throughout,  here  and  there  aggregated  into  dense  groups. 
Under  a  high  objective  these  are  resolved  into  very  distinct  trans- 
parent crystals,  which  depolarize  light.  I  have  not  yet  been  able 
to  satisfy  myself  as  to  their  mineral  nature,  but  believe  them  to 
be  related  to  hornblende.  With  these  are  associated  numerous 
opaque  or  semitranslucent  crystals,  occasionally  presenting  a  hexa- 
gonal section,  and  which  are  probably  magnetite. 

The  macroscopical  and  microscopical  characters  of  these  rocks  are 
80  remarkably  hke  those  of  the  halleflintas  from  Sweden,  that  they 
are  not  to  be  differentiated  by  means  of  the  microscope.  The  same 
variations  in  texture,  the  indefinite  character  of  the  interstitial 
felsitic  constituent,  the  presence  of  the  numerous  acioular  crystals 
(only  seen  to  be  such  by  the  use  of  high  objectives),  are  also  cha- 
racteristic of  their  Swedish  prototypes,  to  which  I  propose  to  refer 
them ;  and  so  far  as  their  present  structure  (as  determined  by  the 
microscope)  can  indicate  their  origin,  it  would  appear  to  have  been  a 
sedimentary  one. 

4.  Bead  south  of  the  Deanery,  St,  David*s  (p.  289). — This  is  a 
greenish-grey  rock  with  blackish-grey  spots,  and  exceedingly  fis- 
sured ;  this  and  its  spotted  character  give  it  the  aspect  of  a  breccia. 
Examined  in  thin  sections  it  presents  a  microcrystalline  ground-mass 
of  quartz  and  felsitic  matter  with  a  thickly  dbtributed  undeterminable 
dark  grey  dust-like  substance,  much  resembling  that  found  in  many 
of  the  so-called  ^^  volcanic  ashes,"  mingled  with  grains  of  a  black 
opaque  mineral  with  the  habit  of  magnetite.  The  spotted  appear- 
ance of  the  rock  is  due  to  the  denser  aggregation  of  this  substance 
in  patches,  associated  with  viridite.  Crystals  or  parts  of  crystals  of 
felspar,  mostly  orthoclase,  are  occasionally  discernible,  while  indis- 
tinct columnar  crystals  of  a  grey  colour,  becoming  black  between 
crossed  Nicols,  are  thickly  distributed  in  parts  of  the  ground-mass. 

6.  Moad  south  of  Deanery,  St.  David's  (p.  289). — Apparently  the 
same  rock  as  No.  4,  but  the  brecciated  aspect  is  here  not  apparent. 
A  thin  section  discloses  a  coarser  microcrystalline  ground-mass 
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loie  numerous  crystals  and  fragments  of  orthoolase  felspar. 
«&  the  felsitic  matter  has  assumed  a  sphemlar  stmcture,  in- 
iy  radial,  and  without  a  peripheral  definition,  but  passing  into 
Lcrocrystalline  ground-mass;  this  is  best  observed  between 
I^iools. 

absence  of  definition  of  the  spherular  limits  of  the  felsitic  radii 
kble  here,  and  also  in  some  other  Arvonian  rocks*,  though  not 
m  in  some  trachytio  examples,  I  am  disposed  to  regard  as 
»e  of  a  subsequent  rearrangement  of  part  of  the  felsitic  con- 
b. 

Tear  Church  Schools,  St.  DavicTa  (p.  289). — Consists  of  an 
'^  microcrystalline  association  of  felspathic  substance  with 
grains.  The  felspathic  ingredient  constitutes  by  far  the  larger 
tion  of  the  ground-mass,  and  has  a  great  tendency  to  develop 
tail  columnar  crystals,  which,  though  possessing  an  indefinite 
,  are  yet  distinctly  discernible.     Here  and  there  appear  a 

or  group  of  crystals  of  orthoclase  (as  evidenced  by  the 
id  twins)  distributed  porphyritically.  A  similar  radial-sphe- 
rrangement  of  part  of  the  felsitic  substance  to  that  in  No.  5 
m,  but,  though  more  distinctly  developed,  is  much  less  fre- 

Yiridite  in  patches  pervades  the  whole  rock. 
load  east  of  Trepewet,  St.  David's  (p.  289). — A  compact  rock 
very  splintery  fractore,  and  resembling  homstone. 
er  an  inch  objective  the  ground-mass  of  this  rock  is  seen  to 
^edingly  fine-grained,  much  of  it  having  no  action  on  polarized 
ut  it  is  variegated  by  patches  having  a  microcrystalline  struc- 
nd  a  strongly  depolarizing  action.     Numerous  angular  and 
ular  grains  of  quartz  are  cQspersed  throughout. 
I  rock  has  a  considerable  resemblance  to  the  hiOlefiintas ;  and 
iclined  to  refer  it  to  that  type,  but  I  have  not  yet  met  with  a 
h  example  presenting  so  decided  an  illustration  of  detrital 

Jatihowel  Quarry,  in  field  north  of  Church  (p.  290). — ^A  light 
Lsh-grey  rock,  very  compact,  with  some  disseminated  mica, 
'oscopical  examination  reveals  that  it  consists  almost  exdu- 
>f  felspar  and  quartz.    The  felspar  constituent  of  the  ground- 
I  largely  in  the  form  of  minute  slender  prisms,  its  orthoolase 

being  here  and  there  evidenced  by  the  Carlsbad  twinning ; 

that  of  the  larger  porph}Titic  crystals  is  a  plagioclase,  as 
ed  by  the  faintly  coloured  striae  observable  between  crossed 
;  this  felspar  appears  to  be  much  altered.  The  remainder  of 
spathic  constituent  is  more  indefinite,  and  with  the  slender 

and  the  quartz-grains  forms  the  fine-grained  ground-mass. 
)t  the  quartz  appears  as  large,  more  or  less  rounded  crystalline 
similar  to  those  familiar  to  us  in  the  quartz-felsites.  Numer- 
ivices  are  occupied  by  a  colourless,  diverging,  fibrous  mineral, 
is  probably  an  epidote. 

art.  Journ.  Geol.  Sec.  toL  zxxir.  p.  164.    These  are  Nob.  1  &  2  described 
nd  then  supposed  to  belone  to  the  Dimetiaii,  but  now  associated  with 
onian  on  the  grounds  mentioned  in  the  present  paper. — H.  H. 
.G.S.  No.  138.  X 
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9.  NearBryn^S^.ofTreglemats(p.290). — ^Appears macroBOopiG 
to  be  a  quartz-felsite  of  a  greenish-grey  colour;  it  is  madi  fiesoi 

Exhibits  in  thin  section  nnmerons  fragments  of  preexisting  r< 
which  have  been  caught  np  in  a  qnart^felsite,  the  confused  flu] 
structure  of  which  characterizes  a  certain  type  of  these  ro 
Among  the  fragments  thus  enclosed  are  those  of  a  rook  like  Nc 
of  some  halleflintas  like  Nos.  1  &  3,  with  numerous  crystals 
fragments  of  orthodase  and  plagiodase,  also  angular  quartz 
grains  of  magnetite.  Crystalline  quartz  occupies  numerous  fiss 
and  nests  in  the  mass. 

(For  Discussion  on  this  paper,  see  p.  325.) 
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24.  On  <^PBX-CA]CBBiAir(Di]CBTiAK,ABTOin[AK,  ami  Pebidiav)  Bocks 
in  Caebbabtohbhibb  and  Akolbsbt.  By  Hbbbt  Hicks,  M.D., 
F.G.S.  Wkh  an  Appendix,  by  Prof.  T.  G.  Boiwet,  M.A., 
F.R.S.,  Sec.G.8.     (Bead  February  5,  1879.) 

Introdfiction. 

Whbb  exploring  the  districts  in  North  Wales  described  in  my 
paper  conminnicated  to  the  Geological  Society  in  December  1877*, 
I  visited  seyeral  other  areas,  and  observed,  in  some  of  these,  facts 
tending  to  show  that  the  Pre-Cambrian  rocks  had  a  far  wider  dis- 
tribation  there  than  was  then  supposed ;  and  in  a  note  to  one  of  my 
papers  1 1  ventured  to  suggest  the  position  which  some  of  these,  viz. 
those  in  Anglesey  and  South-west  Caernarvonshire,  were  likely  to 
occupy.  With  the  hope  of  being  able  to  arrive  at  a  satisfactory 
conclusion  as  to  the  age  and  position  of  these,  and  also  as  to  the 
true  nature  of  some  of  the  other  great  masses  which  were  marked 
on  the  Geological  Survey  maps  as  intrusive  in  Silurian  rocks,  but 
which  I  had  previously  suspected  to  be  of  Pre-Cambrian  age,  I 
visited  North  Wales  dgain  last  August,  and  was  fortunate  in  being 
accompanied  during  most  of  the  time  by  such  experienced  geologists 
as  Professor  Torell  of  Stockholm,  Mr.  Tawney,  F.G.S.,  of  Cambridge, 
Professor  T.M'Kenny  Hughes,  of  Cambridge,  and  Dr.  Sterry  Hunt,  of 
MontreaL  Some  of  the  facts  to  be  brought  forward  in  this  paper 
were  communicated  to  the  British  Association  at  the  late  meeting 
in  Dublin  ;  but  as  the  results  at  that  time  had  not  been  fully  worked 
up,  and  some  even  were  obtained  subsequent  to  that  meeting,  I 
have  thought  it  advisable  to  bring  this  paper  before  the  Society, 
as  embodying  not  only  the  results  then  given,  but  many  additional 
facts  and  observations.  As  I  propose  also  to  commence  the  descrip- 
tion with  the  immediately  adjoining  area  to  that  treated  of  in  my 
paper  last  year,  it  will  appropriately  appear  as  a  continuation  of  thai 
paper. 

GflynUifon  and  Craig-y-Dinas, 

Abng  the  west  side  of  the  areas  of  Mod  TiyfaftP  and  Pen-y-Groe^ 
described  in  my  former  paper,  there  is  in  the  Geological  Survey 
map  an  extensive  area  coloured  as  altered  Cambrian.  It  extenls 
westward  as  far  as  Glynllifon,  and  the  line  to  the  south  is  marked 
as  occurring  at  Craig-y-Dinas.  On  examining  these  rocks  at  various 
poiuts,  I  could  see  nothing  to  indicate  that  they  were  altered  Cam- 
brian beds ;  and  on  carefully  tracing  the  line  of  junction  between 
them  and  tiie  unaltered  Cambrian  rocks,  I  found  distinct  evidence 
that  the  latter  rested  unconformably  upon  them,  and  hence  the 

*  Qoaii.  JotmL  C(eoL  Soc.  vol.  xzxIt.  p.  147.  t  Op.  cU.  p.  163. 
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i  beds  were  undoubtedly  Pre-Cambrian.  The  majority  ( 
>cks  ia  this  area  are  breccias  and  felspathio  schistose  rocb 
here  are  also  some  porcellaoitic  and  compact  and  schista 
tic  rocks.  I  look  upon  them  as  belonging  to  the  Pebidii 
ition  and  probably  unconformable  to  the  central  ridge  previous 
ibed.  In  my  description  of  that  ridge  *  I  associated  the  roc! 
osing  it  with  the  Pebidians  also,  as  we  were  then  unaware  of 

group  as  distinct  from  the  others.  It  seems  likely  na 
ver,   that  the  more   central  or  highly   altered   portion   w 

to  be  associated  with  the  Arvonian,  and  that  only  the  lea 
9d  beds  along  the  flanks  can  be  grouped  with  the  Pebidiai 
iie  accompanying  map  (p.  297)  the  three  Pre-Cambrian  gron 
idicated ;  and  places  where  each  may  be  examined  will  be  mc 
id  in  the  description  given  of  the  separate  areas. 

Caernarvon  to  Bangor, 

propose  to  refer  very  briefly  to  this  area,  as  it  was  partial 
ribed  by  Professor  Hughes  in  his  paper  t  read  before  the  Soci 
ecember  1877;  and  it  has  subsequently  been  examined  by  P 
)r  Bonney,  in  whose  paper  it  will  be  fully  referred  to.  As 
Its,  however,  obtained  by  me  when  examining  the  rocks  in  t 
in  August  last  seem  to  bear  out  the  interpretation  which  1 1 
iously  given  to  it,  I  feel  it  necessary  to  lay  a  few  of  the  fa 
re  the  Society.  In  the  former  paper  I  stated  that  "  repress 
res  of  the  two  great  unconformable  series,  Dimetian  and  Pebidia 
irred  in  Caernarvonshire.  "  With  the  former  of  these  I  wo 
ciate  the  so-called  syenitic  ridge  (granitoid  rocks)  of  Ca 
ron ;  and  with  the  latter  the  altered  beds  which  rest  directly 
syenite  ridge  towards  Bangor."  These  expressions  were  u 
r  a  careful  examination  of  portions  of  the  area  in  1877 ;  bi 
it  necessary  to  devote  more  time  to  the  district  before  ventui 
express  myself  more  strongly  on  these  points.  The  resi 
nned  in  our  explorations  last  year  have  folly  borne  out 
rioiis  views;  and  it  is  also  a  great  source  of  satisfaction 
I  that  the  careful  labours  of  Professor  Bonney,  both  in 
i  and  with  the  microscope,  tend  also  in  every  way  to  coni 
BC  views. 

ihe  new  facts  which  I  need  to  refer  to  chiefly  bear  upon  the  vt 
character  of  the  rocks  as  we  proceed  from  Caernarvon  to  Ban| 
Caernarvon  the  true  Dimetian  type  is  found.  About  four  in 
:he  north  of  this,  on  the  road  to  Menai  Bridge,  a  sudden  cha 
es  place,  and  a  greenish-grey  compact  rock  is  seen  having  n 
the  character  of  some  of  the  Arvonian  or  halleflinta  rodu 
David's  than  of  the  Dimetian.  The  microscopical  examinal 
this  rock  is  given  by  Professor  Bonney  in  the  Appendix,  Nc 
elieve  it  will  be  found  that  a  stratigraphical  break  on  a  fi 
urs  near  here,  and  that  rocks  belonging  to  two  distinct  formati( 
netian  and  Arvonian,  are  thereby  brought  into  contact.  Tl 
'  Quart  Joupn.  Gkol.  Soc.  toI.  xxxiy.  p.  147.  t  Ibid.  p.  131 
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are  sucoeeded  by  quartz-felsiteft  of  the  true  Arvo&ian  type  (with 
probably  some  bands  of  halleflintas),  which  may  be  traced  con- 
tinuously to  near  Bangor,  where  the  Pebidian  beds,  I  beUeTe,  rest 
upon  them  unconformably. 

According  to  this  view  the  three  formations  made  out  in  Pem- 
brokeshire are  found  closely  associated  also  in  Caemarvonshire;  and 
the  evidence,  as  there,  seems  to  point  to  their  being  unconformable 
here  also  to  one  another. 

How  far  these  unconformities  may  be  considered  as  evidence  of 
important  changes  or  simply  as  local  accidents,  it  is  of  course  im- 
possible to  say  ;  but  it  seems  as  if  a  considerable  lapse  of  time  was 
indicated,  and  that  other  formations  may  possibly  have  even  inter- 
vened, from  the  different  state  of  metamorphism  in  which  they  are 
found,  and  the  different  direction  usually  of  the  strike  in  the  beds 
in  each  formation,  which,  if  constant,  would  certainly  mean  dif- 
ferent periods  of  upheaval 

Lleyn  Promontory. 

In  the  Lleyn  Promontory,  or  that  part  of  Caernarvonshire  which 
gradually  tapers  towards  the  S.W.,  with  an  imaginary  base-line 
drawn  from  Clynnog-fawr  on  the  one  side  to  Criccieth  on  the  other, 
numerous  masses  of  so-called  intrusive  rocks  are  marked  on  the 
Geological  Survey  maps.  That  some  of  these  are,  as  supposed,  intrusive 
masses,  which  have  altered  to  some  extent  the  surround^g  rocks, 
there  can  be  no  doubt;  but  that  by  far  the  larger  proportion 
are  not  so,  and  do  not  in  any  way  alter  the  beds  in  contact  with 
them  is  equally  certain.  That  many  of  these  also  are  of  Pre- 
Cambrian  age  I  think  I  shall  be  able  to  prove,  though,  in  the  ab- 
sence generally  of  true  Lower  Cambrian  rocks  in  this  area,  the  evi- 
dence has  to  be  based  frequently  on  the  general  character  of  the 
rocks  themselves  and  the  behaviour  of  the  beds  in  contact  with 
them.  I  may  say  also  that  as  no  contemporaneous  lavas  of  Lower 
Cambrian  or  even  Upper  Cambrian  age  have  been  recognized  in 
Caernarvonshire,  this  fact  will  be  considered  as  of  importance  in 
attempting  the  correlation  of  the  rocks,  though  not  as  absolute  proof 
alone.  In  the  term  Upper  Cambrian  I  include  the  rocks  now  gene- 
rally recognized  as  Lingula-flags  and  Tremadoc  rocks  only. 

The  rock  of  Mynydd-y-Cennin  is  described  by  Professor  Eamsay 
as  "  a  quartz-porphjrry  similar  to  that  of  Llyn  Padam  near  Llan- 
beris,  and  probably  having  a  like  origin  ;**  this  is  therefore  un- 
doubtedly an  exposed  portion  in  continuation  of  the  liyn-Padam 
and  Moel-Tryfaen  ridge,  and,  like  it,  of  Pre-Cambrian  age.  The 
Lower  Cambrian  rocks  have  here  been  faulted  down ;  but  they  are  still 
surrounded,  partially  at  least,  by  beds  of  Upper  Cambrian  age,  and 
which  are  not  in  the  slightest  degree  altered  at  the  junction.  The 
mass  to  the  north  of  Clynnog-fawr  is  of  the  same  character,  and  also 
surrounded  by  Upper  Cambrian  rocks,  and  on  the  one  side  by  even 
Lower  Cambrian  beds  also  unaltered  in  contact.  The  masses 
further  south,  and  forming  the  mountains  of  fiwlch-mawr,  Gryn-goch, 
Pen-llechog,  and  the  beautiful  and  very  conspicuous  £ifl  (or  Eivals) 
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;e  of  monntaiiis,  are  in  some  respects  xinlike  the  roo]^  already 
ribed,  but  yet  dearly  of  that  type  and  age,  with  the  exception 
)me  dykes  which  haye  been  intnided  amongst  them.  The  main 
see  are  of  a  highly  felspathic  type,  chiefly  old  rhyolitic  lavas  and 
das,  which  have  undergone  subsequent  change.  The  rocks 
II.,  described  by  Professor  Bonney  in  the  Appendix,  are  from 
Eifl  range.  In  the  spur  of  the  £ifl  to  the  south-east  felspathic 
das  and  schistose  felspathic  rocks  occur.  Near  the  centre  horny- 
ing  quartz-felsites  of  the  Llyn-Padam  and  Mod-Tryfaen  type, 
ring  a  bedded  appearance  (perhaps  only  a  parallelism  of  joint- 
,  are  seen  interbedded  with  rocks  of  the  halleflinta  type. 
Uier  westward  quartz-feldtes  again  prevail.  The  detadied 
i  on  the  coast  is  a  kind  of  flne-grained  granite,  and  is  supposed 
Professor  Bonney  (Appendix,  No.  HE.)  to  be  of  igneous  origin, 
er  Cambrian  rocks,  chiefly  of  Tremadoc  age,  are  faulted  against 
9  masses,  and  are  in  no  cases  altered  except  near  the  dykes  of 
isive  rocks  (gabbros,  &c.).  Lower  Tremadoc  fossils  (Neseuretus, 
were  found  in  beds  at  Pont-rhyd-Goch,  a  mile  north  of  Four 
ses. 

lie  rocks  forming  Nevin  and  Boduan  mountains,  as  well  as  some 
les  near  Pwllheli,  and  to  the  north  and  south  of  Llanflhangel 
lellaeth,  are  of  the  same  type  as  those  described  from  the  £ifl 
;e  (vide  Appendix,  No.  IV.,  from  Boduan  mountain).  They  are 
le  main  lava-flows,  breccias,  or  halleflintas,  and  show  no  cha- 
irs indicative  of  intrusive  rocks.  They  are  highly  metamor- 
ed,  and  are  traversed  by  many  intrusive  dykes ;  but  the  flow- 
sture  is  frequently  quite  apparent  in  the  field,  and  a  bedded 
orance  commonly  shown.  The  surrounding  sedimentary  rocks 
ilso  quite  unaltered  in  contact  with  them.     These,  therefore,  we 

I  think,  without  fear,  also  place  with  the  Pre-Cambrian 
B,  and  in  their  general  characters  they  seem  allied  to  the  Ar- 
an. Some  few  of  the  less  altered  brecciated  rocks  found  here 
there  in  near  association  with  the  quartz-felsites  may  belong  to 
Pebidian  group.  The  rocks.  No.  Y.  in  the  Appendix,  are  from 
nass  to  the  east  of  Nanhoron ;  and  though  in  the  field  they  look 
>8t  as  if  bedded  and  intermediato  in  character  between  Dimetian 
Arvonian  rocks,  yet  on  microscopical  examination  this   view 

not  seem  to  be  borne  out,  and  Professor  Bonney  thinks  they 
>f  intnjsive  types. 

is  satisfactory  to  find,  however,  that  undoubted  Dimetian  rocks 
r  not  far  south  of  this  point,  and  that  the  great  mass,  called  on 
^logical  Survey  maps  Ehos  Hirwain  syenite,  is  of  this  nature. 

in  the  field  and  under  the  microscope  the  Dimetian  character 
is  rock  is  undoubted ;  and  there  can  be  no  difficulty  in  reoog- 
ig  at  once  that  we  have  here  an  old  ridge  of  these  rocks  such  as 
2nd  at  Caernarvon  to  the  north  and  St.  David's  to  the  south, 
osition  here  also  is  most  instructive,  as  bearing  out  our  views 
essed  with  regard  to  some  of  the  other  areas. 

crossing  the  ridge  from  east  to  west,  starting  from  Sam 
llfe3rm,  after  passing  some  masses  of  intrusive  gabbros  with 
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Silurian  beds  altered  in  contact,  the  trae  Dimetian  type  is  seen  near 
Ty-mawr  and  for  some  distance  across  (vide  Appendix,  No.  VL). 
Eastward  of  this,  and  as  we  approach  the  so-called  sdtered  Cambrians, 
rocks  of  a  more  f elsitic  character  come  in  abruptly,  and  it  is  pro- 
bable that  these  are  of  Arvonian  age.  Both  groups  are  largely  pe- 
netrated by  intrusive  gabbros,  but  not  to  the  extent  marked  in  the 
Survey  maps,  especially  not  so  much  so  to  the  north  of  the  main 
road  across.  The  Dimetian  axis  here  seems  to  run  in  a  direction 
almost  due  N.  and  S.  Its  eastern  edge  is  a  line  of  fSault  or  faults, 
and  along  its  western  edge  newer  Pre-Cambrian  rocks  rest  upon  it. 
This  condition  of  faulting  along  one  side  of  these  old  rocks,  with 
the  entire  loss  of  the  succeeding  groups,  is  such  a  frequent  occur- 
rence that  it  seems  necessary  to  refer  specially  to  the  physical  con- 
ditions or  probable  causes  which  produced  this  effect.  One  thing 
which  has  become  particularly  evident  during  our  researches  is  the 
fact  that  aU  bits  of  Pre-Cambrian  rocks  which  have  been  included 
in  succeeding  sediments  must  have  been  not  only  in  an  indurated 
condition  when  broken  off  from  the  parent  rocks,  but,  moreover,  that 
they  had  even  then  undergone  metamorphism,  and  the  more  slaty 
ones  a  species  of  cleavage.  The  lowest  Cambrian  rocks  found 
are  made  up  of  bits  and  pebbles  of  these  rocks ;  and  so  like  are  they 
frequently  to  the  solid  rocks  below,  that  there  can  be  no  doubt 
that  they  were  the  beach-pebbles  when  t^ose  old  rocks  formed 
coast-lines.  Now  these  old  rocks  must  have  undergone  gradual 
depression  to  receive  the  subsequent  sediments ;  and  as  this  depres- 
sion could  not  take  place  in  rigid  or  metamorphosed  rocks  without 
producing  fractures,  we  have  at  once  one  cause  for  some  of  the 
faults,  and  reasons  for  coast-lines  continuing  ior  a  considerable 
period  in  some  cases,  whilst  the  surrounding  areas  were  becoming 
depressed  to  a  great  depth.  The  greatest  faults,  however,  and 
those  which  we  have  most  frequently  to  deal  with,  are  those  which 
occurred  after  the  succeeding  Cambrian  and  Silurian  sediments 
were  deposited.  During  the  great  contractions  of  the  crust  in 
Palseozoic  time,  especially  towards  its  dose,  the  rigid  Pre-Cambiian 
crust  could  not  fold,  enormous  fractures  would  tc^e  place  instead, 
and  the  overlying  rocks  would  be  thrown  down.  In  some  cases, 
as  found  here  and  at  other  places,  the  Pre-Cambrian  would  be 
brought  to  the  surfsice  along  one  edge  of  the  fracture,  and  its  other 
edge  would  be  depressed  to  a  great  depth.  The  fault  in  Bamsey 
Island,  at  St.  David's,  has  a  downthrow  of  over  16,000  feet ;  and 
I  think  the  one  here  can  hardly  be  less — that  is,  if  the  usual  sedi- 
ments found  in  other  areas  in  Caernarvonshire  were  ever  deposited 
here,  and  there  seems  no  reason  to  suppose  that  they  were  not. 

According  to  this  view  beds  belonging  to  many  different  horizons 
in  geological  succession  would  now  appear  on  tiie  surface  faulted 
against  the  Pre-Cambrian  rocks;  and  this  it  is  that  occuis 
wherever  they  can  be  examined.  I  have  found  beds  occupying 
every  position  from  the  Lowest  Cambrian  to  the  Bala  beds  in  direct 
contact  with  the  Pre-Cambrian  rocks  as  ihe  result  of  faults.  The 
constant  recognition  of  these  facts  has  been  of  great  value  in  at- 
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this  time  with  much  success.  It  seemed  but  natural  now  also,  after 
what  we  had  seen  in  the  other  areas,  that  we  should,  in  the  first 
place,  attempt  to  disooyer  some  base-line  or  axis  from  which  to  start ; 
and  we  were  fortunate  in  discovering  such  a  line  near  Ty-Croes, 
a  railway-station  on  the  Holyhead  line.  A  little  to  the  west  of  this 
point,  in  the  Geological  Surrey  maps,  a  large  patch  is  coloured  as 
granite  running  in  a  direction  nearly  N.E.  and  S.W.,  and  with  a 
width  in  some  places  of  between  two  and  three  miles.  On  examining 
this  we  soon  found  that  we  had  here  an  almost  identical  rock  with  that 
found  at  Twt  Hill,  Caernarvon,  at  Bhos  Hirwain,  and  at  St.  David's, 
and  that  we  hod  in  reality  come  upon  what  would  in  all  likelihood 
prove  to  be  another  Dimetian  axis.  This  was  very  satisfactory ;  and 
the  microscopical  examination  of  the  rocks  forming  this  ridge  sub- 
sequently made  has  fully  borne  out  the  conclusions  then  arrived  at 
in  the  field  (vide  Appenix,  No.  VII.). 

We  were  fortunate  also  in  finding  on  the  roadside,  and  in  a  quarry 
near  some  cottages  about  half  a  mile  W.N.W.  of  Ty-Croee,  the 
actual  junction  between  the  Dimetian  (or  granitoid)  rocks  and  the 
adjoining  ones.  These  last  appeared  brecciated  at  this  point  and 
seemed  to  contain  fragments  of  the  granitoid  rocks.  Tracing  these 
backwards  towards  l^-Croes,  this  brecciated  character  was  soon 
lost,  and  compact  greenish-grey  rocks  of  the  halleflinta  type  appeared 
to  rest  upon  them  in  natural  succession.  To  the  east  of  T^-Croes 
micaceous  and  ohloritic  schists  again  lie  upon  the  halleflinta  group, 
and  dip  away  from  the  latter  towards  the  8.E.  So  that  in  thSs 
neighbourhood,  and  within  a  small  compass,  we  meet  with  rocks 
belonging  to  three  distinct  formations,  and  in  the  order  of  suc- 
cession indicated  already  in  other  areas.  The  granitoid  gneiss  and 
more  compact  granitoid  rocks  compose  the  Dimetian  axis.  Flank- 
ing this  aJong  the  eastern  edge  are  found  the  breccias  and  hiOle- 
flintas  of  the  Arvonian ;  and  beyond  and  resting  probably  uncon- 
formably  upon  these  the  micaceous  and  chloritic  schists  of  the 
Pebidian.  Professor  Bonney,  who  subsequentiy  examined  this  neigh- 
bourhood^ has  kindly  furnished  me  with  notes  upon  it,  which  are  of 
great  importemce  as  confirmatory  of  our  conclusions,  and  also  as 
adding  new  and  valuable  supplementary  information.  They  refer 
chiefly  to  the  area  west  and  south  of  the  point  indicated  above, 
where  I  consider  the  junction  of  the  Dimetian  with  the  Arvonian 
occurs,  and  arc  important  in  showing  the  presence  of  bands  of  chloritic 
schistose  rocks  associated  with  the  granitoid  rocks  here,  similar  in  a 
marked  degree  to  those  described  by  me  in  the  Dimetian  at  St.  David's. 
The  following  are  the  notes  by  Professor  Bonney  : — 

"  In  a  shallow  cutting  just  south  of  Ty-Croes  station  (on  railway) 
is  a  hard  greyish  bedded  rock,  like  a  fine  felspathic  grit  or  mudstone 
much  altered.  Walked  along  highroad  towards  Uanfaelog,  passing 
over  schist.  At  Fdinbont  the  rock  is  a  greenish  grey,  rather  cal- 
careous, micaceous  schist,  of  the  general  type  so  common  in  Anglesey, 
the  foliation-planes  striking  N.E.  and  8.W.  with  dip  to  S.E.  Came 
on  to  the  first  of  the  two  '  granite '  promontories  of  map.  The 
rock  not  a  granite,  but  a  granitoid  rock  like  that  of  Twt  Hill  (Ap- 
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c.  No.  YIL)  A  litUa  north  of  PoDbryn  is  a  quarry  on  road 
dch  we  were  directed  as  the  ^^  hardest  rook  in  theee  parts  ")  in  a 
reenish-grey  sohistose  rock  (vide  Appendix,  No.  YIIL).  This 
laSy  in  parts,  a  peculiar  brecciated  or  fragmental  aspect,  the 
ents  in  one  or  two  places  becoming  quite  distinct  by  weather- 
id  being  angular.  It  is  the  sort  of  rock  I  should  expect  would 
>duced  by  the  metamorphism  of  a  rather  basic  volcanic  ash. 
ng  the  creek  we  found,  in  a  pit  between  the  main  and  cross- 
lear  the  churdi  (nearest  to  the  cross-road),  another  schist  with 
itions  of  included  fragments  and  some  appearance  of  a  fault. 
LO  road-cutting  a  few  yards  off  the  granitoid  group  of  the 
r  type  appeared.  We  then  followed  the  main  road  (running 
W.  of  Llanfaelog  church)  over  a  second  '  granite '  promontory ; 
granite '  here  is  rather  darker,  having  more  of  some  green 
il  {vide  Appendix,  No.  IX.).  It  is  obviously  not  true  granite, 
t  times  has  an  appearance  as  if  it  were  made  up  of  rolled 
lents,  such  as  we  might  suppose  a  coarse  quartz-felspar  grit, 
Y  altered,  would  assume. 

'owards  tiie  middle  of  the  mass  it  is  distinctly  a  porphyritic  gneiss 
pink  felspar  crystals.  Just  beyond  '  Siop '  is  a  shallow  valley 
stream  running  through  it.  Turned  into  field.  On  the  slope 
ive  pale-coloured  gneissose  rock,  and  near  the  bed  of  the  valley 
rse  purplish  quartzose  grit,  with  a  well-bedded  finer  grit  above ; 
0°  W.N.W.,  the  nearest  exposures  of  grit  and  gneiss  being 
jrards  apart.  Walked  along  valley  to  railway,  then  turned  back 
it,  entering  a  cutting.  Here  we  find  a  dull  bluish  or  greenish 
b  {vide  Appendix,  No.  X.),  overlying  a  porphyritic  gneiss  with 
f(dspar  crystals  (Appendix,  No.  XI.),  like  that  mentioned  above, 
^eiss  begins  about  twenty  yards  from  the  opening  of  cutting, 
here  seems  to  be  a  slight  fault  at  junction ;  but  as  there  are 
sose  bands  on  the  one  side  and  schistose  bands  on  the  other,  it 
ar  the  fault  is  unimportant  (if  it  exist)  and  there  is  a  true 
»nce.  We  walked  rapidly  back  along  the  railway,  passing 
iy  through  granitoid  gneiss,  and  noting  the  schistose  band  that 
•ates  the  two  *  granite '  promontories.*' 

e  western  edge  of  this  axis  seems  to  be  a  line  of  fault ;  for 
ian  beds  are  brought  down  against  it  almost  continuously  along 
lide.  Beyond  the  Silurian  area  the  metamorphic  rocks  again 
',  here  chiefly  in  the  character  of  micaceous,  quartzose,  and 
itic  schists  with  bosses  of  serpentine.  The  beds  here  generally  lie 
ither  low  angles,  and  are  frequently  much  contorted.  The 
e  of  these  rocks  are  so  well  described,  and  their  behaviour  iUus- 

d,  by  Professor  Bamsay  in  his  excellent  memoir  *,  that  it  seems 
I  unnecessary  here  to  do  more  than  refer  the  reader  for  any 
ler  information  required  to  that  work.     It  would  be  quite  be- 

the  scope  of  the  present  paper  to  attempt  to  dcBcribe  minutely 

I  rocks  in  the  various  districts  in  Anglesey.     My  wish  only  is 

[>int  out  certain  places  where  characteristic  beds  in  each  group 

be  found.     The  rocks  in  the  last  district  referred  to,  as  well  as 

*  Mem.  Q«oI.  Surrey,  toL  iii. 
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most  of  those  io  the  neighbourhood  of  Holyhead  and  along  the  north- 
west coast,  seem  to  me  closely  allied  to  rooks  of  the  Pebidian  forma- 
tion in  other  areas ;  and  I  propose,  therefore,  to  associate  them  with 
that  group,  though  possibly  some,  such  as  the  rocks  of  Holyhead 
mountain,  may  prove  to  be  of  different  age  and  probably  older 
(Dimetian  ?).  The  remaining  area  is  described  as  '^  a  belt  of  meta- 
morphic  TookB,  from  two  to  four  miles  wide,  that  strikes  north-east 
from  Newborough  Sands  across  the  island  to  Beaumaris  and  Llan- 
dona."  The  prevailing  rocks  in  this  area,  as  seen,  at  least,  on  the 
road  from  Menai  Bridge  to  Beaumaris,  may  be  described  as  green  or 
greenish  grey,  with  a  schistose  foliation.  Interstratified  with  these 
are  also  some  hard  green  bands  frequently  containing  veins  of  epi- 
dote.  Some  micaceous  schists  and  purplish  rooks  are  also  described 
as  occurring  in  this  area. 

The  rocks  collectively,  as  seen  here,  are  peculiarly  like  those  in  the 
Pebidian  group  at  St.  David's,  and  there  can,  I  think,  be  little  doubt 
of  their  position.     Vide  Appendix,  No.  XII. 

Ffestiniog  and  Dolgelly. 

In  addition  to  the  Pre-Cambrian  rocks  now  described,  there  are 
in  North  Wales  at  least  two  other  areas  in  which  they  are  found  ; 
but  as  these  are  in  the  county  of  Merioneth,  and  not  intimately 
associated  with  the  districts  imder  consideration,  I  hope  to  be  able 
to  describe  them  more  fully  in  a  future  communication.  One  of 
these  is  in  the  neighbourhood  of  Ffestiniog  and  partly  shown  in 
Map,  the  so-called  Moel-tan-y-Grisiau  syenite,  and  was  examined 
by  me  some  years  since,  but  has  been  more  recently  explored  by 
Mr.  Tawney,  who  has,  I  think,  most  satisfactorily  proved  that  it 
is  mainly  of  Dimetian  age.  The  other  is  in  the  neighbourhood  of 
Dolgelly,  and  was  recendy  mentioned,  in  my  paper  to  the  British 
Association,  as  being  chiefly  of  Pebidian  age. 

Concltmons, 

Collectively,  these  additions  to  the  Pre-Cambrian  areas  hitherto 
known  are  large  and  important,  and  many  of  them  were  not  in  the 
slightest  degree  suspected  until  we  commenced  our  researches 
amongst  them  a  few  years  since.  Of  others,  especially  some  of  the 
rocks  in  Anglesey,  Professors  Sedgwick  and  Phillips  many  years  ago 
expressed  the  opinion  that  they  were  older  than  the  Cambrian  rocks. 
These  views,  however,  did  not  receive  much  support  frt>m  geologisU, 
but  were  for  the  time  crushed  by  the  combined  weight  of  authority 
vested  in  the  Geological  Survey  as  represented  by  its  chiefs,  who  all 
declared  that  these  must  be  altered  Cambrian  and  Silurian  rocks 
only.  Consequently  they  were  so  marked  on  the  geological  maps, 
and  still  remain  so. 
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APPENDIX. 

Notes  on  the  Micbosoopio  Structure  of  some  Bocks  yrom  CAERirARToir- 
SHiRE  and  AwoLBSET.  By  Prof.  T.  G.  Bommr,  M.A.,  F.R.S., 
SecGuS. 

L  Boad-side  near  Port  Dinorwig^  Caernarvonshire  (p.  296). 

This  rock  has  an  ill-defined  grannlar  strncture,  not  unlike  that  of 
a  microcrystalline  quartz-felsite ;  hat  after  carefol  study  I  am  of 
opinion  that  it  is  an  altered  rock,  prohahly  once  a  fine  felspathic 
mud.  A  good  many  minute  grains  of  quartz  can  he  distinguished. 
There  is  a  fair  quantity  of  opacite  in  parts,  rather  earthy-looking, 
and  a  pale  yellowish  mineral  in  filmy  microliths,  perhaps  allied  to 
Termiculite. 

n.  Fr<m  the  Eijl  Eange  (p.  299). 

(a)  From  the  Eifl  range,  south-east  side. — Structure  ciyptocrys- 
talline,  the  felspathic  component  heing  rather  decomposed  and  con- 
taining many  microliths,  prohahly  of  secondary  origin.  Some  opacite, 
a  few  larger  grains  of  quartz  and  (prohahly)  of  decomposed  felspar. 
I  believe  the  rock  to  be  a  quartz-felsite. 

(b)  Eifl  range,  east  side. — Structure  cryptocrystalline ;  possibly 
a  little  glass  even  yet  remains ;  indications  of  flow-structure ;  sever^ 
grains  of  quartz  and  one  or  two  of  felspar.  General  character  similar 
to  the  quartz-felsites  described  on  p.  317,  and  like  them  an  old  rhyo- 
Ute.  As  happens  sometimes  with  them,  the  rock  has  been  consider- 
ably crushed :  the  fractures  are  filled  in  by  a  minutely  crystalline 
mineral,  showing  rather  bright  colours  with  crossed  Nicols. 

m.  On  coast  north-west  of  Eifl  range  (p.  299). 

Structure  crystalline,  but  rather  finely  so,  sometimes  inclining  to 
porphyritic.  Chiefly  consists  of  felspar  and  quartz,  much  of  the 
latter  interstitial  with  the  former  rather  than  in  separate  grains ; 
also  mica,  iron  peroxide  (possibly  some  ilmenite),  and  a  few  micro- 
hths,  possibly  apatite.  The  felspar  is  rather  decomposed ;  but  a 
plagiodase  as  well  as  orthoclase  can  be  recognized.  Part  of  the 
mica  exhibits  the  characteristics  of  biotite;  but  much  of  it  is  replaced 
by  a  green  dichroic  mineral  not  unlike  chlorite,  which,  indeed,  it  pos- 
sibly is ;  but  I  think  most  is  only  one  of  the  green  magnesia-iron 
silicates  which  often  replace  biotite.  I  have  no  doubt  the  rock  is 
igneous,  but  in  its  present  condition,  and  without  chemical  analysis, 
hesitate  whether  to  class  it  with  the  quartziferous  mica-syenites  or 
mica-diorites,  or  the  fine-grained  granites  (the  granite-porphyry 
of  many  petrologists). 

lY.  Bodtian  mountain^  south  side  (p.  299). 
Structure  rather  microcrystalline  than  crystalline;  but  as  the 


Digitized  by 


Google 


306  *r,  o.  bonkeY  ok  trS  Mtcitodoo^ic  stbuctube  oi^ 

felspar,  its  chief  constitaent,  is  much  decomposed,  and  some  of  the 
quartz  seems  of  secondary  formation,  it  is  difficult  to  pronounce. 
The  general  form  of  the  felspar  suggests  that  a  plagiodase  predomi- 
nates over  orthoclase.  A  fair  amount  of  opacite  is  present,  and  one 
or  two  scales  which  may  be  an  iron  mica.  I  have  no  doubt  the  rock 
is  an  igneous  one,  but  hesitate  whether  to  call  it  a  quartz-felsite  or 
quartz-porphyrite. 

V.  Nahhoron  quarries  (p.  299). 

(a)  Structure  generally  rather  like  Til.,  except  that  a  microscopic 
graphic,  sometimes  almost  dendritic*,  structure  is  common.  Felspar 
decomposed,  but  some  Carlsbad  twins  still  recognizable,  so  probably 
mostly  orthoclase.  The  dark  finely  granular  mineral  visible  in  the 
hand  specimen  is  seen,  under  the  microscope,  to  be  chiefly  a  pale  yel- 
lowish mineral,  sometimes  rhomboidal  in  outb'ne,  having  a  rather 
granular  structure  and  fairly  distinct  cleavage,  associated  with  and 
often  rather  clouded  by  opacite.  I  believe  it  to  be  titanite,  and  do  not 
find  either  mica  or  hornblende.  The  rock  is  igneous,  and  is  thus 
a  kind  of  aplite. 

(6)  The  hand  specimen  of  this  rock  has  a  general  resemblance  to 
the  last,  except  that  it  is  more  compact,  and  the  dark  specks  are 
blacker  and  more  sharply  defined ;  under  the  microscope  the  struc- 
ture is  seen  to  be  microcrystalline,  consisting  of  quartz  and  felspar 
with  a  fair  amount  of  iron  peroxide  (haematite  in  part)  in  clustered 
granules.  The  "  dendritic  "  structure  more  abundant  here  than  in 
the  last  specimen  ;  no  titanite  is  certainly  recognizable,  but  neither 
mica  nor  hornblende  are  present.  One  or  two  larger  cr^^stals  of 
felspar  are  orthoclase.    The  rock  is  a  quartz-felsite. 

VI.  Near  Ty-mawr,  Rhos  Eirwain  (p.  300). 

This  rook  exhibits  the  peculiar  structure  characterising  the  grani- 
toid  rocks  as  distinguished  from  the  true  granites  f.  It  chiefly  con- 
sists of  quartz,  felspar,  and  mica ;  the  first  is  so  full  of  minute  enclo- 
sures as  to  look  quite  'grimy.'  The  felspar  also,  besides  being 
rather  decomposed,  often  does  not  appear  to  be  clear.  Orthoclase 
is  present,  some  cross-hatched,  as  described  by  Mr.  Eutley  t ;  also 
some  very  closely  twinned  plagiodase.    There  is  a  fair  quantity  of 

*  See  desoription  of  this  structure,  Geol.  Mag.  dec.  2,  vol.  iv.  p.  608. 

t  The  distinction  of  structure  between  the  granites  and  granitoid  ro(^ 
(tliat  is,  between  those  of  .igneous  origin  and  metamorphie  clastic  rocks)  is  a  sub- 
ject to  which  I  hare  paid  much  attention,  and  on  wbicn  I  hope  in  course  of  time 
to  communicate  some  notes  to  the  Society.  In  the  latter,  for  example,  the 
quartz  differs  from  that  in  true  granite,  sometimes  by  showing  a  more  subaa» 
gnlar  and  fragment-like  outline,  sometimes  by  a  much  more  irregular  boundary. 
The  grains  abo  Tary  more  in  sixe  and  are  more  irregularly  distributed ;  the 
felspar  also  differs  in  form,  exhibiting  correspondins  irregularity.  In  parts  of 
the  slide  a  little  of  an  indefinite  felsitic  matrix  may  Be  seen.  Other  diflerenoes, 
which  cannot  be  briefly  described,  exist ;  but  for  the  present  it  may  be  enough  to 
say  that  my  microscopic  studies  have  strengthened  my  scepticism  as  to  tiie  ex« 
istence  of  "  metamorphie  granite." 

t  Quart.  Joum.  €^1.  l£>c.  vol.  xxxi.  p.  479. 
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rhich  is  nearly  colourless  with  ordinary  light,  but  shows  bright 
and  rather  *  satiny '  texture  with  crossed  Nicols,  and  is  so 
ably  like  my  specimens  of  paragonite,  that  I  think  it  probably 
nend.  The  correspondence  between  this  rock  and  specimens 
wt  Hill  and  Anglesey  is  very  close. 

Vn.   Weft  of  Ty-Croes,  Anglesey  (p.  302). 

sture  similar  to  last,  but  yery  little  mica,  and  that  a  fibrous 
1  associated  with  opacite,  probably  replacing  some  other 
The  quartz  rather  clearer,  many  minute  acicular  micro- 
id  a  few  of  larger  size,  bordered  with  opacite  (?  titanite  or 
).  A  specimen  of  similar  rock  in  my  own  collection  exhibits 
fcure  yet  more  irregular  and  unlike  a  true  granite,  and  con- 
fair  quantity  of  paragonite  with  some  minute  zeolitic  pro- 

Vni.  Penbryn,  near  Llanfaelog,  Anglesey  (p.  303). 
This  rock,  in  the  hand  specimens,  shows  traces  of  a  brecciated 
ire.    This  is  yet  more  distinct  under  the  microscope ;  but  the 
[ual  fragments  seem  to  be  at  most  varieties  of  one  and  the 
pedes  of  rock,  and  there  appears  very  little  matrix  or  dust 

them  ;  their  structure  varies  from  rather  granular  to  fibrous 
se ;  there  are  many  patches  of  a  green  mineral,  probably 
9,  and  grains  or  rods  of  iron  peroxide  ;  also  a  few  of  quartz, 
5h  mineral  many  very  minute  clear  specks  probably  belong, 
crossed  Nicols,  the  rock  is  seen  to  be  largely  composed  of  a 
I,    rather  fibrous,    fairly  bright-coloured  mineral,   possibly 

0  sericite ;  it  seems  to  be  a  cMoritic  micanschist.  The  folia- 
the  different  fragments  is  not  parallel,  so  that  the  brecciation 
subsequent  to  the  metamorphism. 

West  of  Ty-Croes,  on  road  to  Llanfaelog. — A  specimen  col- 
by  Dr.  Hicks  from  same  neighbourhood.     Similar  structure  ; 

1  difference  is  that  the  fragments  are  rather  less  schistose  and 
L  a  little  more  quartz,  and  there  is  a  good  deal  of  chlorite,  not 
ly  in  patches  in  the  fragments,  but  filling  veins  and  cracks 
n  them.    A  part  of  a  quartz-vein  occupies  a  comer  of  the 

IX.  Norih-north-west  of  llanfaelog  church  (p.  303). 

chief  difference  between  this  and  YI.  is  that  the  micaceous 
aent  is  now  represented  by  a  green  slightly  dichroic  mineral, 
ly  allied  to  chlorite,  associated  with  many  small  grains  of  iron 
ie.  In  the  felspar  are  many  specks  and  films  of  some  secon- 
roduct,  not  unlike  prehnite ;  some,  however,  look  more  like 

X.  Bailway-catting  near  Ty-  Croes  (p.  303). 

rock  mainly  consists  of  felspar,  chlorite,  an  iron  peroxide,  and 

The  structure  is  more  granular  than  one  would  have  ex- 

from  the  external  aspect,  the  first  mineral  occurring  in  forma 
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which  suggest  that  when  found  deposited  they  were  slightly  rounde 
grains.  It  is  much  decomposed,  in  many  places  fall  of  minute  mi 
croliths  and  earthy  dust,  hut  the  striation  of  the  plagiodase  grou 
can  here  and  there  he  distinguished.  The  chlorite  occurs  in  film 
or  fihrous-looking  scales,  of  no  very  definite  shape,  hut  more  lik 
mica  than  any  thing  else.  The  third  mineral  is  in  angular  and  dul 
like  grains ;  from  the  outline,  ilmenite  or  hsematite  seem  most  likel] 
It  is  difficult  to  say  what  the  rock  has  formerly  heen,  hut  it  is  sue 
a  rock  as  I  should  expect  would  he  formed  from  the  coarse  detritv 
of  a  dolerite,  suhsequently  metamorphosed. 

XI.  Eailway-cutttng  near  Ty-Croes  (p.  303). 

A  very  characteristic  gneiss  consisting  of  quartz,  fekpar  as  in  YI 
one  or  two  grains  much  resemhling  microcline,  and  associated  chlo 
rite,  opacite,  and  a  colourless  mica  (prohahly  replacing  hiotite) ;  i 
the  felspar  are  a  good  many  irregular  microliths  of  secondary  for 
mation  (?  some  of  them  epidote),  and  a  few  others,  perhaps  apatite 

XII.  Quarry  near  the  Anglesey  Column  (p.  304). 

A  foliated  dense  felted  mass  of  a  dull  greenish,  rather  decidedly  di 
chroic  mineral  (prohahly  a  species  of  chlorite),  and  of  small  greenish 
yellow  epidote  crystals,  with  a  few  angular  fragments  of  quartz  (?] 
and  two  or  three  scales  of  mica  (?  paragonite). 


(For  Discussion,  see  page  325.) 
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he  QuABTz-FELSiTE  and  Associatbd  Rooks  at  the  base  of  the 
[BRiAV  Series  in  North-wesibrn  Caernaryokbhire.  By 
.  T.  G.  BoinrBT,  M.A.,  F.R.S.,  Sec.  G.S.,  Professor  of 
logy  at  University  College,  London,  and  Fellow  of  St. 
q's  College,  Cambridge.     (Head  February  5, 1879.) 

[Plate  XHI.] 

jcet  has  already  been  brought  to  the  notice  of  the  Society 
Lunications  from  Prof.  Hughes  and  Dr.  Hicks,  published  in 
volume  of  the  Quarterly  Journal*.  These  vigorous  and 
sketches  still  leave  many  details,  especially  with  regard  to 
t  masses  of  quartz-felsite  (or  quartz-porphyry)  in  the  vici- 
Bangor,  Caernarvon,  and  Llyn  Padarn,  to  be  filled  in  by 
)server8,  so  that  I  venture  to  hope  the  following  notes  may 
1  as  a  small  contribution  to  the  subject.  I  spent  several 
September  1878  in  working  carefully  over  parts  of  the 
,  and  the  conclusions  formed  in  the  field  have  been  tested 
quent  study  of  a  series  of  slides,  prepared  for  me,  as  usual, 
T,  G.  Cuttcll.  The  result  has  been  that  I  differ  in  several 
from  the  views  recorded  on  the  maps  of  the  Geological 
and  in  the  Memoir  on  the  Geology  of  North  Wales, 
nrhile  expressing  a  very  decided  dififercnce  of  opinion  on 
»oints,  I  gladly  bear  testimony  to  the  general  excellence  of 
9  and  the  value  of  that  Memoir.  It  needs  but  a  few  days' 
North  Wales  to  show  how  arduous  a  task  the  survey  must 
ID.  It  should  also  be  remembered  that  this  was  executed 
be  microscope  was  generally  applied  to  lithological  study. 
3  rendered  clear  much  which  was  previously  uncertain,  and 
Q  to  the  student  a  firm  basis  of  ascertained  facts  wherefrom 
te  his  eye  and  his  perceptions.  It  is  therefore  not  surprising 
officers  of  the  Survey  should  have  been  occasionally  misled 
uperficial  aspect  of  the  rocks,  when  no  more  searching  tests 
applied. 

ay  be  seen  by  a  glance  at  the  Survey  Map,  the  Cambrian 
Btween  the  base  of  the  mountains  of  North  Wales  and  the 
traits  appear  to  rest  upon,  or  be  cut  off  by,  a  great  lenticular 
quartz-felsite  t,  which  extends  in  a  north-east  direction 
le  lower  end  of  Uyn  Padarn.  A  second  and  smaller  massif 
lented  as  extending  from  the  town  of  Caernarvon  to  near 

xrxir.  pp.  137  &  147. 

8  accompanied  by  several  members  of  my  geological  classes,  past  and 

some  01  whom,  especially  Dr.  B.  D.  Roberts,  Mr.  Houghton,  and 

•,  rendered  me  very  valuable  assistance ;  and  on  one  occasion  we  had 

itage  of  being  conaucted  by  Prof.  Hughes.     Since  the  reading  of  the 

lave  briefly  revisited  the  district- 

d  quartz-porphyry  in  the  memoir.    Notwithstanding  the  weighty  au- 

L  favour  of  tms  term,  I  think  the  objections  to  the  word  porphyry  (on 

•f  its  vagueness)  are  so  strong  that  I  prefer  to  use  quartz-ielsite. 

G.  8.  No.  138.  Y 
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Bangor.  If  I  rightly  understand  the  Map ,  these  are  coloured  as 
intrusive ;  but  in  the  Memoir  (pp.  140, 141)  we  read : — "  Below  [the 
purple  slates]  are  other  thinner  bands  of  slate,  grit,  and  conglomerate, 
the  lowest  of  which,  by  liyn  Padarn  and  elsewhere,  passes  into  the 
quartz^porphyry  that  for  thirteen  miles  stretches  along  the  midst  of 
the  Cambrian  strata.  ....  So  closely  does  the  matrix  of  the  altered 
rock  resemble  the  adjoining  typical  porphyry,  in  colour,  texture,  and 
even  in  porphyritic  character,  and  by  such  insensible  gradations  do 
ihey  melt  into  each  other,  that  the  suspicion,  or  rather  the  convic- 
tion, constantly  occurs  to  the  mind  that  the  porphyry  itself  is 
nothing  but  the  result  of  the  alteration  of  the  stratified  mosses.  .  .  . 
This  conclusion  is  further  aided  by  the  capricious  variation  of  the 
strata  adjoining  the  porphjrry.  .  .  .  This  I  can  only  account  for  by 
the  supposition  that  these  beds  have,  as  it  were,  been  partly  eaten 
into  by  heat  and  themselves  converted  into  porphyry." 
The  points  which  I  hope  to  establish  are : — 

(1)  That  the  former  and  a  part  of  the  latter  massifs  are  neither 
intrusive  nor  metamorphic,  in  the  ordinary  sense  of  the  word,  but 
are  parts  of  ancient  lava-fiows,  which,  were  they  of  modem  date, 
we  should  probably  not  hesitate  to  call  rhyolites. 

(2)  That  the  southern  portion  of  the  second  massif  is  quite  dis- 
connected from  the  northern,  and  is  a  group  of  metamorphic  rocks 
of  earlier  date. 

The  former  of  these  propositions  is  the  subject  of  the  present 
paper.  The  latter  is  treated  in  a  separate  communication.  The 
proofs  can,  I  think,  be  given  most  conveniently  by  describing  the 
sections  wliich  I  was  able  to  examine. 

Moelr-Tryfaen  District 

The  section  at  the  adit  in  Moel  Tryfaen  has  been  described  by 
Dr.  Hicks*.  As  our  party  was  no  better  provided  with  lights  than 
his,  1  did  not  think  it  worth  while  to  examine  the  adit,  but  collected 
specimens  carefully  from  the  spoilbank  outside.  The  following 
(besides  the  usual  Cambrian  slates)  are  the  principal  varieties : — 
(1)  rather  gritty  greenish  slate  banded  with  rounded  grains  of  a 
pinkish  or  purplish  felsite  and  light-coloured  felspar ;  (2)  a  rock  of 
mottled  and  sti^eaky  aspect  containing  larger  fragments  of  the  same 
felsite ;  (3)  a  conglomerate  of  the  same ;  (4)  a  number  of  greenish 
slates  and  grits.  The  first  three  closely  resemble  members  of  the 
Cambrian  conglomerate ;  and  the  last  group  (4)  resembles  some  of 
the  rocks  which,  in  the  Bangor  sections,  lie  at  no  great  distance 
beneath  the  Cambrian  conglomerate. 

Dr.  Hicks  saysf,  "we  did  not  succeed  in  touching  the  conglo- 
merate in  the  tunnel."  I  have,  however,  no  doubt  that  the  "  more 
porphyritic-looking  rock,  mostly  dark-coloured  with  spots  of  highly 
vitreous  quarta  in  a  base  of  felsitic  matter,"  <fec.  was  really  the  con- 
glomerate, which,  owing  to  the  imperfect  light  and  other  causes,  to 
be  mentioned  hereafter,  he  failed  to  recognize.     The  outcropping 

*  Quart.  Journ.  Gkol.  Soc.  vol.  xxxiv.  p.  147. 
t  Loc.  cit.  p.  148. 
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\he  conglomerate,  which  he  describes,  on  the  summit  of  the 
bains  pebbles  of  the  same  purplish  quartz-felsite,  generally 
mt  2  to  4  inches  diameter,  but  sometimes  a  foot  or  more, 
with  angular  fragments  of  pnrple  slate.  On  the  western 
at  one  fourth  of  the  fragments  are  felsite ;  the  remainder 
>en  and  purple,  and  a  dull-green  grit  resembling  one  in  the 
flg  series.  The  fragments  of  purple  slate  are  rather  more 
B  on  the  eastern  side.     The  strike  of  the  conglomerate 

to  be  about  E.N.E.  and  W.S.W.  The  cleavage  dipped  at 
agle  to  8.S.W.,  and  the  bedding,  as  it  seemed  to  us,  dipped 
.N.W.,  also  at  a  high  angle ;  but  as  many  of  the  smaller 
had  been  twisted  so  as  to  have  their  longer  axes  to  the 
:  cleavage,  it  was  difficult  to  be  sure  of  this.  1  have  ex- 
nicrosoopically  two  specimens  from  the  adit ;  but  it  will  save 
lescribe  them  with  the  specimens  from  Llyn  Padam.  The 
slsite  was  abundant  in  the  loose  blocks  below  Rhos  Tryfaen ; 
did  not  meet  with  a  good  exposure  of  live  rock,  I  have  not 
d  it  microscopically.     In  general  character,  however,  it  is 

with  those  described  hereafter. 
OBsed  the  massif  again  by  the  road  from  Bethgelert  to  Caer- 

The  felsite  is  well  exposed  left  of  the  road  north  of  Bettws 
Here  it  is  rather  pale  in  colour,  and  shows  traces  of 
.  Subangular  patches  of  a  darker  colour  suggest  at  first 
(laded  fragments ;  but  a  closer  examination  shows  that  they 
ely  due  to  slight  variations  in  structure.  This  somewhat 
or  mottled  aspect  is  not  uncommon  in  modem  trachytic 

Microscopic  examination  shows  that  the  rock  has  a  cr^^to- 
ne  ground-mass  of  rather  variable  character,  the  structure 
>metime6  exceedingly  minute,  containing  crystalline  grains 
»  and  felspar — ^part  is  orthodase,  closely  resembling  sani- 
Tt  plagiodase.  Microlithic  enclosures  are  common  in  the 
some  looking  as  if  they  had  once  been  glassy.  There  are  a 
ins  of  iron  peroxide  and  some  disseminated  opacite.  A  por- 
[jhe  slide  shows  flow-structure  very  clearly.  The  rock  seems 
been  crushed  ;  a  very  minute  gold-coloured  mineral  appears 
racks,  and  is  disseminated  about  the  slide. 

Llyr^Padarn  District, 

xamined  the  quartz-felsite  on  both  sides  of  the  lake,  on  the 
along  the  highroad,  as  well  as  by  the  railway.  The  litho- 
letails  are  given  below,  and  with  them,  in  order  to  save  time, 
included  a  description  of  specimens  from  the  northern  end  of 
md  massif.  The  following  facts,  however,  noted  in  the  field, 
iselves,  I  think,  are  hard  to  reconcile  with  any  theory  of 
»rphism  or  intrusion. 

"he  streaky  structure  so  characteristic  of  lavas  (especially  of 
type),  as  well  as  the  platy  jointing  common  in  igneous  rocks, 
seen  not  seldom  in  the  quartz-felsite  about  liyn  Padam. 
«t  striking  example  is  in  a  quarry  by  the  roadside  north  of 
'  The  ''  pipemo  ^  of  the  Phlegriean  Fields  is  a  marked  example. 

t2 
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Cwm-y-Glo  village.  Here  the  streaky  structure  is  as  distinct  as  in 
a  modern  rhyolite,  and  the  platy  jointing  is  hardly  less  so.  In  parts 
of  the  quarry  it  is  a  true  "fissile  structure"*,  cutting  the  fluidal 
lines  at  various  angles,  sometimes  as  much  as  70^. 

(2)  On  the  western  side  of  liyn  Fadom  there  is  a  hand  of  slate 
intercalated  in  the  felsite.  This  is  a  rather  soft  block  slate,  not 
conspicuously  altered.  We  found  exposures  (probably  of  the  some 
band)  both  by  the  roadside  and  in  the  railway-cutting.  The  former 
is  only  about  3  feet  wide,  and  from  its  appearance  might  be  claimed 
OS  an  included  fragment;  but  I  have  elsewhere  seen  soft  rocks 
similarly  "nipped"  by  interbedded  harder  strata f.  Microscopic 
examination  shows  the  structure  of  the  slate  to  resemble  that  of  the 
ground-moss  of  some  of  the  chiostolite  slates :  the  junction  with  the 
felsite  suggests  that  the  one  rock  has  been  deposited  on  the  other ; 
for  the  moterial  of  the  slate  con  be  traced  filling  a  crock  in  the 
felsite,  the  surface  of  which  seems  as  if  it  hod  been  denuded. 

(3)  Near  liys  Dinorwig,  north-east  of  Llyn  Fodorn  (lower  end), 
the  felsite  is  ossocioted  with  on  agglomerate.  This  was  shown  to 
me  by  Frof.  Hughes,  who  at  the  time  was  not  quite  satisfied  os  to 
its  true  significonce.  On  thot  point,  however,  there  is  no  reason  for 
doubt.  It  is  OS  chorocteristic  as  any  that  ore  seen  in  Chornwood, 
containing  fragments  of  all  sizes,  from  mere  lopilli  to  blocks  fall 
2  feet  in  diometer.  One  or  two,  indeed,  may  possibly  be  the  ends  of 
small  "  strings"  of  lova.  Here  ond  there  o  bond  of  finer  material  is 
interstratified,  as  in  recent  volconic  cones.  I  have  also  examined 
this  under  the  microscope,  and  find  it  made  up  of  rhyolitic  lapilli, 
some  showing  flow-structure  very  well,  with  fragments  of  quartz  and 
felspar  imbedded  in  on  altered  felspothic  dust — in  short,  the  usual 
structure  of  the  matrix  of  such  an  agglomerate.  The  moss  appeors 
to  be  intercoloted  in  the  felsite  neor  to  its  northern  edge ;  but  time 
did  not  allow  me  to  trace  out  its  boundary  with  any  minuteness. 

Froceeding,  then,  to  the  examination  of  a  series  of  specimens,  we 
find  that  the  rock  in  the  neighbourhood  of  Llyn  Fadam  is  a  compact 
felsite  of  a  dull  grey  colour,  sometimes  with  a  reddish  tinge,  por- 
phyritic  with  numerous  quartz  grains  and  small  whitish  crystals  of 
felspar.  As  a  rule,  there  is  nothing  abnormal  in  its  appearance ; 
some  fragments  could  hardly  be  distinguished  from  rhyoHtes  from 
Hungary  or  the  Euganean  hills.  I  have  had  a  series  of  six  slides 
prepored  to  exhibit  the  principal  varieties. 

(1)  Quarry  North  of  Civm-y-Olo. — This  rock,  as  obreody  stated, 
shows  flow-structure  remarkably  well.  Under  the  microscope  it 
resembles  o  gloss  of  slightly  granular  structure,  with  wavy  light- 
brown  bonds,  occosionol  clear  rather  gronuloted  interspaces,  and 
clouds  of  disseminated  opocite  J.  With  crossing  Nicols  the  gronular 
part  is  seen  to  consist  of  minute  crystals.  With  a  high  power  these 
are  shown  to  be  portly  extremely  minute  colourless  belonites,  portly 

*  See  my  paper,  Qaarfc.  Journ.  Geol.  Soc.  toI.  xxxii.  p.  142.  A  glance  showB 
it  is  not  a  true  clearaffe,  as  it  frequently  changes  its  direction. 

t  For  example,  in  thin  bands  of  soft  schists  mtercalated  in  the  granitoid  gneiss 
of  the  St.  Gothard.  }  Plato  XIIT.  fig.  1. 
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of  irregolar  outline,  as  though  either  imperfectly  formed  or  distorted 
hy  tendon.  I  am  not  able  to  assert  positively  that  any  truly  glassy 
l»6e  still  remains,  but  think  this  is  the  case,  and  feel  certain  that  it 
was  once  present.  Subangular  grains  of  quartz,  with  occasional 
partial  inclusion  of  the  base,  and  small  cavities  are  frequent,  also 
felspar  crystals  rather  decomposed,  not  seldom  including  microUths : 
these  are  orthodase  with  a  little  plagioclase. 

(2)  JFhnn  near  a  Tunnel  south  of  Cwm-y-Olo  Station. — CJolour  a 
dull  grey ;  example  of  the  ordinary  type.  This  rock  has  a  general 
nmilaritj  to  the  last,  except  that  the  fluidal  structure  is  less  mark- 
edly parallel  and  less  distinct.  Microliths  are  more  numerous  and 
larger,  and  the  rock  generally  has  a  less  glassy  aspect,  part  of  the 
slide  showing  a  distinctly  cryptocrystalline  structure.  The  rock  is 
traversed  by  cracks,  which  have  been  again  cemented ;  they  were 
doubtless  caused  by  the  pressure  which  produced  the  cleavage  of  the 
district. 

(3)  Railway-cutting  near  the  top  of  the  Mass. — A  pale  pinkish  rock 
lowing  a  rude  cleavage.  A  general  similarity  to  the  last,  but  the 
flnidal  structure  still  less  distinct,  and  the  rock  yet  more  crushed, 
so  Uiat  parts  of  the  slide  resemble  a  breccia  cemented  by  a  filmy 
pale  greenish-yellow  mineral.  The  crystals  of  quartz*  and  felspar 
are  occasionally  crushed  in  situ  and  cemented  again.  This  might 
easily  be  mistaken  for  a  clastic  rock,  but  with  crossing  Nicols  its 
homogeneous  character  is  readily  discovered. 

(4)  Highest  Fehite  seen  on  west  side  of  Llyn  Padam. — This  rock  is 
roughly  cleaved,  and  has  quite  a  schistose  aspect.  Closer  examina- 
tion, however,  shows  that  in  about  ten  yards  it  passes  by  insensible 
diangcs  into  the  last.  This  also  accords  with  its  aspect  under  the 
mi<3twcope,  where  a  sort  of  banded  structure  and  numerous  sub- 
angular  grains  of  quartz  and  felspar  suggest  a  stratified  origin.  But 
a  doser  examinc^tion  with  higher  powers  shows  that  it  is  really  an 
igneous  rock,  which  has  evidently  been  greatly  crushed  in  situ.  The 
fint>iis  cementing  mineral  (with  crossed  Nicols)  shows  rather  brilliant 
golden  and  blue  colours. 

(5)  Two  specimens  from  near  Brithdirf  (one  from  the  cliff  over- 
looking the  Caernarvon  road,  the  other  from  a  quarry  west  of  the 
fiurm).  These,  from  the  northern  massif  are  of  a  purple-rod  colour, 
like  the  rock  near  Rhos  Trj'faen.  The  slides  differ  but  little  one 
from  another,  and  only  as  varieties  from  (2).  There  is  a  little  more 
opacite,  and  the  imbedded  crystals  are  rather  more  numerous.  Ono 
or  two  are  probably  altered  biotite,  and  some  microliths  are  possibly 
apatite. 

(6)  A  specimen  from  the  Boadside  above  the  ^Antelope*  Inn^  near 
the  Menai  Bridge. — ^The  general  character  of  this  is  similar  to  that  of 
the  last,  but  the  slide  is  rather  more  stained  by  ferrite.    The  structure 

*  The  cayities  in  the  quartz  are  a  little  larger  in  this  specimen.  It  also  con- 
tains two  or  three  crystals  of  an  altered  mica,  and  tliere  teems  to  be  a  little 
caleite  in  a  crack. 

t  A  specimen  from  the  same  district  is  described  by  me,  vol.  xxxir.  p.  145. 
Tbt  description  may  also  serre  for  these  specimens. 
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of  the  ground-mass  is  more  glassy,  and  there  eiie  some  indieatjons 
of  flow-brecciation.  I  may  tdso  refer  to  a  specimen  from  liand- 
deiniolen,  described  by  me  in  an  appendix  to  Prof.  Hughes's  paper  *, 
which  belongs  to  the  same  series.  I  was  then  wholly  ignorant  of 
the  relations  of  the  rock  to  the  others  in  the  district,  and  had  formed 
no  opinion  about  them,  as  I  had  never  examined  the  felsite  in  siiu^ 
and  so  venture  to  quote  the  remark  which  I  made  on  the  appear* 
ance  of  the  slide : — '^  The  rock  is  probably  from  an  old  flow  of  rhyo- 
litic  lava." 

Thus,  although  in  one  plaoe  the  top  of  the  quartz-felsite,  where  it 
is  most  affected  by  subsequent  pressure,  does  bear  something  of  a 
schistose  and  fragmentary  character  f,  and  though  doubtless  old  com- 
pact  felsites  are  sometimes  very  difficult  to  distinguish  from  certain 
rocks  of  similar  chemical  composition,  but  of  sedimentary  origin,  I 
think  we  are  justified  in  saying  that  the  evidence  against  the  theory 
of  metamorphism  is  too  strong  to  be  resisted  J.  If,  however,  farther 
proof  be  needed  we  shall  find  it  in  the  overlying  series  of  slaty  and 
conglomeratic  rocks. 

These  then  we  proceed  to  examine,  commencing  with  the  south- 
western side  of  Llyn  Fadam.  Beyond  the  cutting  in  quartz-felaite 
(No.  4),  the  railway  crosses  a  small  bay  of  the  lake,  and  then  passes 
into  fine  green  grits  or  "  bastard  slate,"  beyond  which  we  find  a 
thick  mass  of  interbedded  conglomerate  and  similar  grit,  then 
another  band  of  the  grit,  followed  by  a  band  of  small  rolled  fragr 
ments  of  felsite  about  as  large  as  hemp-seed.  As,  however,  this 
section  has  been  carefully  drawn  by  Mr.  Maw§,  and  more  than  onoe 
described  ||,  I  will  confine  myself  to  microscopic  details,  merely 
stating  that  wo  endeavoured  to  trace  the  junction  of  the  felsite  and 
overlying  rocks  near  the  highroad.  It  is,  however,  much  masked 
by  debris  and  vegetation ;  but  there  is  little  doubt  tiiere  is  a  fault, 
through  which  a  greenstone  dyke  has  subsequently  forced  its  way, 
and  which  has  cut  out  some  of  the  grits  visible  by  the  shore  of  the 
lake.    Near  the  road  the  felsite  and  conglomerate  are  seen  on 

*  Vol.  xxxir.  p.  145.  I  hare  recently  yisited  thU  locality  and  examined  the 
felsite^  which  is  rather  pale  in  colour,  but  not  otherwise  remarkaUe.  I  also 
Tiait«d  Bereral  other  felsite  exposures  in  the  district,  which  present  differenoes 
only  Tarietal,  though  in  some  cases  possibly  interesting. 

t  I  should  perhaps  mention  that,  to  my  mind,  there  is  nothing  to  connect 
this  local  crushing  with  any  theory  of  volcanic  activity.  I  have  observed  in 
Wales  several  cases  of  this  crushing  of  the  exterior  portion  of  a  compact  igneous 
rock,  so  that  it  assumes  a  sedimentary  or  schistose  aspect 

\  These  rocks  have  a  certain  resemblance  to  some  of  the  lavas  from  the 
"Wrekin  district  described  by  Mr.  Allport  (Quart.  Joum.  Geo\.  Soc.  vol.  xxxiii. 
p.  440),  also,  to  a  less  extent,  to  some  of  the  fragments  in  the  Ghamwood  agglo- 
merates. They  differ  considerably  from  the  felsites  in  the  Bala  series  of  NorSem 
Oaemarvonshire. 

§  Geol.  Mag.  voL  v.  pL  6. 

U  Geol.  Mag.  vol  v.  p.  121,  where  some  analyses  of  neighbouring  rocks  are 
given ;  also  Quart.  Joum.  GeoL  Soc.  voL  xxxiv.  pp.  143,  1&,  764 ;  Mem.  GooL 
Survey,  vol.  iii.  p.  142.  I  may  state  that  I  carefully  examined  the  "  uncon- 
formity" asserted  by  Mr.  Maw  to  occur  in  the  railway-cutting  higher  up,  and 
have  no  hesitation  in  agreeing  with  Prof.  Hughes,  and  so  dilering  from  Mr. 
Maw,  in  his  interpretation  of  the  phenomena. 
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apposite  sides  of  the  dyke ;  bat  higher 
up  the  hill,  where  the  dyke  thins,  some 
fekitio-looking  grit  appears  below  the  ^ 

conglomerate.  ^ 

By  the  tramway  on  the  north-eastern  ^ 

side  of  the  lake,  we  pass  in  going  from  g.     x 

Llanberis  three  masses  of  the  conglome-  A» 

rate ;  but  there  is  little  doubt  that  it  is        *  W. 
only  one  and  the  same  group  of  bands        ?  ^ 
repeated  by  folding,  and  that  the  section        I 
is  as  annexed*,  an  anticlinal  and  a        g* 
synclinal  repeating  the  conglomerate  and         S 
OTerlying  slates,  so  that  the  green  grit        ^  ^ 
beneath  it  is  only  visible  once.     On  this        ^  * 
snpposition  the  conglomerate  varies  con-  ? 

siderably  in  thickness  in  a  short  distance ;  | 

but  a  sort  of  '*  rain-spot "  rock  at  the  g.  ^ 

base  of  the  middle  mass  might  very  well  ^  ^ 

represent    part  of   the    southern    and  ^  | 

thicker.      The  actual  junction  of  the  ^  | 

northern  mass  of  conglomerate  and  the        ^  |. 

felsite  is  masked,  but  the  one  can  be  seen        ]?  ^' 

within  about  a  yard  of  the  other.     This        pr  ^ 

last  conglomerate  has,  no  doubt,  a  rather  P  §*• 

'^melted  down "  aspect ;  but,  as  Dr.  Hicks  q  ^ 

has  pointed  outf,  here  as  elsewhere,  this  J  § 

quite     disappears    when  the     rock     is  I*  ^ 

weathered.     Its  superficial  character  is  g  t:^ 

also   evident  on   microscopic   examina-     _  ^   |-  2. 

lion.     I  have  had  slides  prepared  from     ■"■^"  *  ^ 

different  parts  of  the  section  described       ^  «^ 

above,  from  the  finer  variety  noted  in 
the  railway- cutting  on  the  opposite  shore 
and,  as  already  mentioned,  from  Moel 
TryJGwn.     With  considerable  variety  of  Q 

detail  the  general  character  of  these  is  | 

similar,  so  that  a  minute  description  of  « 

each  slide  is  hardly  needed.    They  consist  §- 

of  fragments  of  quartz-felsite,  often  very 
characteristic  of  that  which  we  have  been     "^" 
describing,  slaty  and  gritty  rockt,  sub- 
angular  and  rounded  quartz  grains,  and 
broken  felspar  crystals,   among  which,       ^ 
though  rather  decomposed,  both  ortho-       ^    ^ 
dase    and  plagioclase   may   be   recog-  ^ 


EL    U 


♦  This,  I  find,  is  Prof.  Ramsay's  opinion, 
Mem.  G^l.  Surrey,  toI.  iii.  p.  144. 

t  Quart.  Joum.  Geol.  Soo.  vol.  xxxiv.  p.  151. 

X  Variotics  of  flinty  argillito  and  fine  quart- 
xit«  arc  common  among  the  larger  pebbles, 
together  with  the  quartz-felsiie  pebbles  and 
fragments. 
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nized.  Besides  these  are  fragments,  generally  rather  irregular  in 
form,  of  a  slaggy  aspect  like  a  glass  (devitrified),  rendered  more  or 
less  opaque  by  opacite,  which  I  have  no  doubt  are  of  volcanic  origin. 
The  matrix  in  which  the  above  are  imbedded  is  sometimes  rather 
streaky,  composed  probably  of  minute  fragments  of  felspar  crystals 
and  felspathio  mud,  now  considerably  altered,  and  sometimes  inter- 
spersed with  opacite  and  filmy  patches  of  viridite.  The  quartz 
grains  are  sometimes  crushed  by  the  pressure  which  the  rock  has 
undergone,  and  the  fragments  of  included  rock  are  often  rather 
flattened  and  distorted.  Some,  however,  are  distinctly  rounded ;  and 
all  have  probably  been  transported  by  water,  though  many  are  still 
fairly  angular.  ^ 

In  one  of  the  specimens  from  the  thickest  part  of  the  conglomerate, 
on  the  east  side  of  the  lake,  I  observed  a  part  of  a  pebble  which 
struck  me  as  bearing  a  great  resemblance  to  the  peculiar  rock  of 
Twt  HiU,  Caernarvon*.  This  I  have  examined  microscopically,  and 
feel  no  doubt  of  the  identity.  This  identification  is  of  great  inter^t, 
OS  it  shows  that  some  area  of  this  granitoid  rock  was  undergoing 
denudation,  and  was  approximately  in  its  present  mineral  condition, 
when  the  Cambrian  conglomerate  was  being  formed. 

The  matrix  and  some  of  the  included  fragments  of  the  slides  from 
the  conglomerate  between  the  greenstone  dyke  and  the  quartz-felsito 
are  rather  more  altered  than  the  rest ;  but  the  changes  are  more  of 
the  nature  of  those  brought  about  by  water  and  pressure  at  moderate 
temperatures  than  any  ttiing  like  "  melting  down."  At  any  rate  the 
clastic  character  of  the  rock  is  still  perfectly  distinct. 

Bangor  District. 

Proceeding  now  to  the  eastern  edge  of  the  northern  mass  of  quartz- 
felsite,  and  commencing  near  Brithdir  Eannf)  we  find  exposed  in 
the  road  and  elsewhere  a  grit  composed  of  wdl-wom  fragments  of 
quartz-felspar  and  quartz-felsite.  It  is  generally  of  a  mottled 
purplish-red  colour  (very  like  the  neighbouring  quartz-felsite)  with 
grains  about  -|^  inch  in  diameter,  but  becomes  in  places  conglome- 
ratic, with  subangular  pebbles  up  to  1  inch  diameter.  It  weathers 
a  reddish-buff  colour,  and  one  knoll  in  a  field  close  to  the  road  has 
a  certain  superficial  resemblance  to  the  rock  of  Twt  Hill.  The  rock 
clearly  derived  its  materials  from  the  adjoining  quartz-felsite.  We 
find  a  similar,  but  rather  finer  and  more  quartzose  grit  exposed 
above  the  quartz-felsite  on  the  northern  side  of  the  Bangor-Caer- 
narvon  road  in  the  adjoining  valley,  and  again,  to  the  north,  behind 
Tafii-Newydd  Farm,  and  another  adjoining  the  felsite  exposed  in  the 
road  about  half  a  mile  to  the  N.E.  by  "  Beulah  chapel '%  The  last 
I  have  examined  microscopically,  and  found  it  confirm  the  opiniou 
stated  above  as  to  the  source  of  its  material,  as  it  made  up  of 

*  See  next  paper.    Prof.  Hughes  also  found  a  similar  pebble  in  the  vicinity 
of  Llanddeiniolen,  loc.  oil,  p.  140. 
t  Just  south  of  the  first  letter  "  r  "  in  that  name  on  the  map. 
\  A  similar  jMile  grit  also  overlies  the  felsite  near  Llandddniolen. 
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grains  (angular  and  rounded)  of  quartz,  felspar  (some  plagioclase), 
and  a  rock  resembling  the  qnartz-felsite  with  much  interspers^ 
ferrite. 

Descending  from  Brithdir  in  a  north-^ast  direction  towards  the 
Bangor  road,  we  pass  a  greenish  slaty  rock,  and  on  reaching  the 
bed  of  the  valley  find  shsdlow  excavations  in  a  similar  rock  in  the 
angle  between  the  main  and  the  b3''-road.  This  latter  is  much 
crushed  and  jointed,  as  if  some  intrusive  rock  were  near ;  but  the 
dip  (which  varies)  seems  to  be  E.N.E.,  or  a  little  to  the  east  of 
that,  at  a  high  angle  *.  Bearing  to  the  east  we  find  a  quarry  among 
woods  at  Tair-ffynnon.  The  rock  hero  varies  from  a  slaty  grit  to 
an  agglomerate  or  conglomerate  of  fragments  of  quartz-felsite  and 
slate  in  a  green  matrix.  I  have  examined  slides  of  each  variety. 
They  consist  of  lapilli  or  fragments  of  igneous  rock,  broken  crystals 
of  felspar  and  quartz,  and  bits  of  slaty  rock.  Some  fragments  f, 
especially  in  the  coarser  variety,  have  a  general  resemblance  to  the 
quartz-felsite  of  the  adjoining  massifs  but  most  of  the  igneous  con- 
stituents are  rather  difierent.  There  are  of  these  three  well-marked 
varieties : — (a)  glassy  or  nearly  glassy,  the  base  often  opaque  from 
abundant  opacite,  with  many  acicular  felspar  microliths  and  spots  of 
viridite,  probably  replacing  augite  or  hornblende:}:;  (6)  a  more  glassy 
and  transparent  rock,  with  acicular  microliths  and  larger  felspar 
crystals,  up  to  0*03  in.  diameter,  sometimes  certainly  plagioclaso§; 
(c)  a  fairly  clear  rock,  with  glassy  aspect  and  partial  cryptocrystallino 
structure ;  iron  peroxide  in  larger,  but  less  frequent,  grains.  Most 
of  these  are  probably  lapilli.  The  finer  rock  is  chiefly  composed  of 
fragments;  the  coarser  has  a  good  deal  of  matrix,  cemented  by 
viridite  and  a  very  pale  green  mineral,  which,  with  crossed  Nicola, 
shows  fibrous  structure  and  bright  golden-green  and  orange-red 
colours.  The  materials  of  this  rock  are  largely  derived  from  volcanic 
ejecta,  and  some  apparently  have  not  come  from  far ;  but  I  do  not 
think  it  bears  decbive  evidence  of  contemporaneous  volcanic  action. 

Further  to  the  east,  by  ascending  a  bill  on  the  northern  side  of 
the  road,  we  find  both  inside  and  outside  the  wood  a  great  quantity 
of  a  similar  rock.  Its  microscopic  structure  also  corresponds,  some 
of  tiie  included  fragments  showing  a  very  distinct  flow- structure.  A 
httle  more  to  the  east,  and  nearer  Perfyddgoed  House,  the  rock  be- 
comes BO  compact  that  it  might  be  easily  mistaken  for  a  quartz-felsite 
(greenish  grey).  Microscopic  examination,  however,  shows  it  to  be 
beyond  doubt  a  clastic  rock,  with  muiy  small  subangular  quartz 
grains,  and  minute  rolled  fragments  of  various  compact  rocks,  some 
of  which  are  certainly  of  igneous  origin.  One  is  almost  a  mass  of 
opacite. 

To  the  north-east  we  find  other  fine  felsitic  grits  and  ashy-looking 
ro(^,  and  at  Cae  Seri  a  coarse  conglomeratic  rock,  somewhat  resem- 
bling that  of  Tair-fifynnon,  but  with  more  slaty  fragments  of  a  dull 

*  On  the  oppoeite  side  of  the  fault  a  porpliBh  slate  seems  to  succeed  the  grit 
by  the  Oaemanron  Boad,  and  a  prominent  Knoll  to  the  N.E.  consists  of  slaty 
rock  dipping  a  litUe  N.  of  EJ7.E.  at  an  angle  of  50°. 

t  Plate  fin.  fig.  2.  X  Plate  XIII.  fig.  4.  §  Plate  Xm.  fig.  6. 
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red  colonr.  Microscopio  examination  confirms  this,  grains  of  a  griUy 
slate  and  lapilli  being  abundant.  One  or  two,  however,  differ  from 
those  already  described,  being  full  of  felspar  microHths,  partly 
grouped  so  as  to  have  a  feathery  or  tufted  aspect,  and  in  one  or  two 
cases  indicating  an  approach  to  spherulitio  structure.  Following 
the  road  to  the  north,  we  come  to  a  quarry  at  the  back  of  some 
white  cottages  (?  west  of  Minffordd),  and  find  a  f  elspathic  grit  of  a  dull 
greemsh  colour  speckled  with  white.  Under  the  microscope  it  is 
seen  to  consist  of  rather  decomposed  felspar  crystals  (both  orthoclase 
and  plagioclase  recognized),  varying  generally  from  about  0"*01  to 
0"*03  in  diameter,  mingled  with  finer  dust  and  a  few  small  lapilli 
and  quartz  grains.  There  is  a  considerable  quantity  of  viridite  in 
filmy  patches,  looking  sometimes  as  if  it  had  replaced  a  pyrozenio 
constituent.    Many  fragments  are  little,  if  at  all,  waterwom. 

The  dip  over  this  district  is  often  not  easy  to  obtain  with  accuracy, 
but  it  appears  to  be  generally  not  far  from  N.E.  to  E.N.E.,  and  high. 

Eeturning  now  to  the  main  road  from  Caernarvon  to  Bangor,  which 
runs  near  a  line  of  fault*,  and  following  it  towards  the  laU;er  place,  we 
find,  after  about  half  a  mile,  a  quarry  at  the  back  of  a  cottage.  Here 
we  find  the  following  ascending  succession :— (1)  conglomerate  rather 
like  that  of  Tair-%nnon,  with  roUed  fragments  of  red  quartz-fdsite, 
sometimes  4"  diameter,  angular  frtigments  of  purple  slate,  and  a  few 
green-coloured  2  or  3  inches  diameter ;  (2)  a  fine  grit,  in  the  upper 
part  not  unlike  one  of  those  low  down  in  the  Llimberis  Cambrian 
series ;  (3)  conglomerate,  more  slaty ;  (4)  a  green  slaty  rock,  near  to 
which  were  one  or  two  large  slaty  masses  looking  like  included  frag- 
ments. The  section  is  rather  irregular,  and  is  disturbed  by  a  fault ; 
but  I  believe  the  above  to  be  correct,  and  the  dip  to  be  about  50^  a 
little  east  of  north-east.  Microscopic  examination  of  the  conglomerate 
confirms  the  above  description  and  the  general  correspondence  with 
the  Tair-%nnon  rock.  The  fragments  of  the  quartz-felsite  are  very 
characteristic  t. 

About  a  furlong  further,  behind  another  cottage,  are  ashy-looking 
fine  grits ;  and  some  four  hundred  yards  from  these,  in  a  rock  exposed 
behind  the  "  poor-house,"  are  greenish-grey  slaty  grits  with  a  band  or 
so  contcdning  felsite  fragments  about  as  large  as  peas.  Dip  nearly 
as  above,  but  a  little  steeper.  Microscopic  examination  of  this  shows 
various  slaty  and  gritty  fragments,  lapilli,  some  almost  whoUy  black 
with  opacite,  and  the  qnartz-felsite,  quartz  grains,  &c.  as  usual  ^. 
There  is  one  fragment  of  the  peculiar  rock  observed  at  Cae  Seri. 

We  then  approach  the  town  of  Bangor  and  the  district  which  has 
been  fuUy  described  by  Prof.  Hughes,  so  that  for  the  slaty  beds  and 
green  breccias  which  here  form  the  upper  part  of  the  series  and 
underlie  the  Cambrian  conglomerate  (in  which  the  characteristic 
quartz-felsite  may  frequently  be  recognized,  as  asserted  by  him  and 
Dr.  Hicks)  I  refer  to  his  paper  and  my  note  on  the  microscopic 
structure  of  two  of  the  rocks  appended  thereto. 

♦  The  diBplnoemont  heretibouU  doei  not  seem  large. 

t  Across  the  yalley  on  the  opposite  side  of  the  fault  are  beds  more  of  tho 
Minffordd  type.  {  PUte  XIIL  fig.  a 


Digitized  by 


Google 


OAXBBIAV  SIBIB8  IV  K.W.  0A1BVABT0V8EIBE.  319 

Condttsions, 

We  see,  then,  that  the  rock  in  the  qnartz-felsite  massif  exhibits 
erery  characteriBtic  of  an  igneons  origin ;  we  see  also  that  fragments 
doBely  corresponding  with  it  occur  again  and  again  in  the  0Yerl3ring 
rocks,  and  that  these  rocks,  as  a  mle,  are'comparatively  little  changed — . 
the  eyidenoe  of  alteration  being  illusory,  and  quite  ordinary  slates  or 
grits  in  some  cases  interposing  between  the  quartz-felsite  and  the 
supposed  highly  metamorphosed  rocks.  We  must  then  refuse  to  these 
Caernarvonshire  "  porphyries  "  an  origin  different  from  that  of  other 
igneous  rocks  of  similar  composition,  and  cease  to  quote  them  as  ex- 
amples of  what  extreme  metamorphism  can  effect. 

I  may  repeat  again  that,  allowing  for  slight  mineral  changes 
brought  about  by  the  agencies  to  which  aU  rocks  have  been  exposed 
in  the  long  lapse  of  ages  (such  as  devitrification,  the  formation  of 
viridite,  &c.),  there  is  no  difference  of  any  importance,  so  far  as  I  can 
see,  between  these  quartz-felsites  and  comparatively  modem  rhyo- 
lites ;  and  if  I  could  prove  that  a  base  still  remained  undevitrifiea,  I 
would  give  them  the  latter  name.  That  they  were  rhyolites  in  pre- 
Cambiian  times  I  have  no  doubt. 

Further  examination  will  probably  discover  more  agglomerates, 
and  perhaps  further  subdivide  the  lava-flows,  which  certainly  seem  at 
present  of  exceptional  thickness  and  extent*.  Whether  volcanic 
action  continued  during  the  time  when  the  conglomerates  of  Tair- 
%nnon  &c.  were  formed  is  uncertain.  The  lapilli  in  them  are  in 
some  cases  not  waterwom ;  but  then  they  may  have  been  derived  from 
the  destruction  of  cones  of  scoria,  which,  no  doubt,  rose  among  and 
even  upon  the  neighbouring  lava-flows.  Their  lightness  might  cause 
them  to  float  for  a  while,  and  so  escape  the  rounding  which  has 
befallen  some  of  the  other  materials.  The  uppermost  beds  at 
Bangor  (and  to  these,  perhaps,  we  may  add  the  Minffordd  rock) 
certainly  seem  to  indicate  volcanic  action  t ;  but  the  ejecta  are  very 
different,  and  the  outbursts  were  probably  very  local. 

The  evidence  which  has  been  brought  forward  warrants,  I  think, 
our  proposing  the  following  general  ascending  order  for  the  group 
near  Bangor  between  the  quartz-felsite  and  the  Cambrian  conglome- 
rate :^ — (1)  felsitic  grit  and  fine  conglomerate;  (2)  green  slates  J; 
(3)  conglomerates  with  interbanded  green  grits  passing  into  slaty 
grits — ^Tair-%nnon  to  Perfyddgoed;  (4)  another  group  of  gritty 
and  conglomeratic  beds  ending  with  the  conglomerate  of  Cae  Seri ; 
(5)  Mynffordd  rock  and  upper  green  breccias,  grits,  and  slates. 
Doubtless  there  are  gaps  in  tins  grouping,  and  changes  may  hereafter 

•  The  larger  mas^f  U  about  thirteen  miles  long  and  two  at  greatest  breadth. 
The  smaller  on  the  map  appears  not  quite  two  thirds  the  above  dimensions,  but, 
88  will  be  seen  hereafter,  is  really  much  less.  Examples  of  very  extensive  lava- 
flows,  BO  far  as  I  remember,  are  much  more  common  in  basic  than  in  acid 
rocka. 

t  Quart.  Joum.  Q«ol.  Soc.  vol.  nxiv.  p.  146. 

J  It  is  almost  impossible  to  give  precise  names  to  these  bedded  rocks.  One 
finds  almost  every  \ariety  from  fine  grit  to  fine,  but  imperfectly  cleaved,  slates. 
Our  petrological  nomenclature  always  seems  to  me  a  little  too  restricted  in  re^ 
gard  to  this  group  of  rocks. 


Digitized  by 


Google 


n 


320        BkBE  OV  TH£  OAHBBIAir  8BBIE8  IN  K.W.  CAEBKABY0IT8HIBE. 

be  made ;  but  still,  oomparing  the  two  seotions  described  aboT 
where  the  first  quarry  on  ^e  Bangor  road  in  conglomerate 
probably  near  the  horizon  of  the  Tair-£Pynnon  group,  and  the  Poo 
house  rock  not  very  far  away  from  some  part  of  the  Cae  Seri,  the 
seems  a  strong  probability  that  we  are  not  far  wrong.  The  thic! 
ness  of  the  series  must  be  very  great,  unless  there  is  consideral 
repetition  by  faults  (and  of  this  I  have  seen  no  evidence) ;  it  a 
hardly  be  less  than  3000  feet,  and  is  probably  more. 

It  is  probable  that  the  thickness  of  the  sedimentary  beds  abo 
Llyn  Fadarn  and  Moel  Tryfaen  (where  the  quartz-felsite  must  1 
very  thick)  is  much  less.  The  little  which  we  now  see  of  the  bei 
between  the  felsito  and  the  Cambrian  conglomerate  reminds  us  rath 
of  the  upper  part  of  the  Bangor  group ;  and  though  doubtless  son 
beds  are  cut  out  by  the  boimdary  faalt,  the  impression  which 
formed  on  the  ground  was  that  the  thickness  of  these  was  not  vei 
great*.  If  a  volcanic  district,  such  as  Jorullo,  for  example,  we] 
slowly  subsiding,  the  accumulating  sediments  would  form  so  as  i 
take  a  sort  of  cast  of  the  igneous  features,  and  be  thickest  whci 
they  were  least  prominent  (and  so  thinnest). 

The  quartz-felsite  rocks,  however,  did  not  wholly  disappear  belo 
water  till  after  the  formation  of  the  Cambrian  conglomerate' 
Appearances  suggest  that  there  is  a  marked  physical  break  bctwee 
this  and  the  subjacent  sedimentary  series  (Pebidian  of  Dr.  Hicks' 
/•i  but  though  I  believe  there  is  very  great  unconformity  between  tb 

• ';  'r  latter  and  the  quartz-felsite  in  certain  places,  I  think  it  quite  possibl 

[y!:  that  the  subsidence  may  have  begun,  as  would  be  natural,  after  tli 

I'i'i  last  volcanic  outburst,  and  so  the  whole,  notwithstanding  thcbreal 

't :  may  really  belong  to  one  and  the  same  series — the  Pebidian. 


(For  the  Disct7ssiok  on  this  paper,  see  p.  325.) 


EXPLANATION  OF  PLATE  XIIL 

Fig.  1.  Quarts-feUite  from  quarry  noar  Owm-y-Glo,  showing  flow-structure  tD 

quartz  grains. 
Fig.  2.  Part  of  a  fragment  of  quartz-felsite,  showing  irregular  fluidal  stnictui 

&C.,  from  the  coarser  conglomeratic  rock  of  Tair-flynnon  (the  blan 

part  is  a  crack  in  the  slice). 
Fig.  3.  Fragment  of  quartz-felsite  (a),  showing  fluidal  structure,  with  mmrti 

slaty  rock,  and  decomposed  felspar,  from  rock  at  the  back  of  the  Pooi 

house  near  Bangor. 
Figs.  4  &  5.  Portions  of  the  finer  conglomeratic  rock  of  Tair-ffynnon,  showini 

fragments  of  igneous  rock  (a,  b,  c),  quartz  (i),  &c. 

All  these  are  magnified  50  diameters. 

*  Since  the  aboye  was  written,  I  haxe  Tisited  Llanddeiniolen  and  there  seen 
near  Fachell,  quartz-felsite,  felsitic  grit,  green  slaty  rock  (slight  exposure  onlj 
but  apparently  in  situ)  and  Cambrian  conglomerate  in  close  sequence. 

t  1  have  not  at  present  identified  them  with  certainty  at  any  higher  lexeL 


Digitized  by 


Google 


Quart  Journ  Geol  SocYol  XXXV  PI  XDI 


a 


Foord  lii}i  Hanka.ri  imp 

QUARTZ-FEL51TES  8cc.  of  CAERNARVONSHIRE     r-^^^i^ 


Digitized  by 


Google 


BTAMOBPHIC  BERIE3  BETWEEN  TWT  HILL  AND  PORT  DINORWIG.      321 


On  the  Metahorphic  Sertes  between  Twr  Hill  (Caernarvon)  and 
Port  Dinorwio.  By  Rev.  T.  G.  Bonnet,  M.  A.,  P.R.S.,  Sec.  G.S., 
Professor  of  Geology  at  University  College,  London,  and  Fellow 
of  St.  John's  College,  Cambridge,  and  P.  T.  S.  Houghton,  Esq., 
B  Jl.,  Scholar  of  St  John's  College.     (Kead  February  6, 1879.) 

i  interesting  gronp,  which  on  the  map  of  the  Geological  Survey 
>t  divided  from  the  "  quartz-porphyry,"  has  already  been  briefly 
3ed  by  Prof.  Hughes  and  Dr.  Hicks  ♦.     They  assert  that  the 

is  not  igneous,  and  lithologically  much  resembles  the  Dimetian 
b.  David's.  That  view  is  fully  borne  out  by  our  observations, 
jh,  we  venture  to  think,  prove  conclusively  that  there  is  here  a 
«  of  metamorphic  rocks  much  older  than  the  quartz-felsites 
conglomerates  described  in  the  last  paper  f. 
he  rock  exposed  on  the  summit  of  Twt  Hill  is  at  first  sight 

like  a  coarse  granite,  which,  however,  is  almost  without  a 

frammatic  Section  {reduced  to  one  plane)  of  Pit  to  N.E,  of  summit 
of  Twt  Hill. 


e        D        0        B 

A.  Granitoid  rook.  D.  Fine  conglomerate. 

B.  Same,  becoming  pebbly.  E.  Coarse  conglomerate. 

C.  Coarse  conglomerate.  F.  Finer  conglomerate,  in  parts  mor« 

like  B  and  A. 

iceous  constituent.  We  saw  nothing  absolutely  irreconcilable 
1  an  igneous  origin ;  but  still  there  was  in  the  aspect  of  the 
:  a  something,  hard  to  define,  which  suggested  a  metamorphic 
:in.  This  is  particularly  noticeable  by  the  wall  on  the  southern 
of  the  ridge.  Under  the  microscope  it  is  seen  to  consist  of 
rtz,  felspar  (rather  decomposed),  a  few  granules  and  grains  of 
L  peroxide,  and  a  very  small  quantity  of  a  micaceous  mineral. 
I  quartz  is  so  full  of  minute  enclosures  as  to  have  a  rathei 
brty"   aspect.    A  very  closely  twinned  plagiodase  felspar   is 

Quart.  Journ.  Gcol.  Soc.  ?ol.  xxxiv.  pp.  142-152. 

Accompani^  by  the  party  named  in  the  last  paper,  I  examined  the 
lity  of  lN?t  Hill  last  September,  and  discovered  the  conglomerates  de- 
3ed  below.  Mr.  Houghton,  who  remained  at  Bangor  for  some  time  after- 
is,  was  able  to  return  and  traTcrse  the  ground  between  Caernarvon  and  Fori 
orwig,  and  to  trace  the  boundary  for  some  distance  from  that  place  betwecr 
quartz-felsite  and  the  older  rock,  forwarding  to  me  the  specimens  which  h( 
collected.  Since  the  reading  of  this  paper,  we  have  separately  traversec 
n  most  of  the  ground  described  in  it,  revising  the  work,  and  making  a  fe? 
itional  notes.— T.  G.  B. 
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present  as  well  as  orthoclase.  The  structure  of  the  roi*k,  as  ex- 
plained below,  suggests  that  it  belongs  to  the  graiiitoid  gneiss  grou] 
rather  than  to  the  true  granite  *. 

The  next  exposure  of  rock  which  we  visited  set  our  doubts  ai 
rest.     It  is  in  a  pasture-field,  where,  on  the  S.E.  side  of  the  ridge 
and  perhaps  a  furlong  to  the  N.E.  of  Twt  Hill,  is  an  old  quarry 
This  affords  the  section  shown  in  the  sketch  (p.  321).     The  lowesi 
rock  exposed  is  of  the  same  type  as  that  of  Twt  Hill.    Above  it  comei 
a  bed  with  a  similar  matrix,  contaiiling  ] 
then  a  band  of  coarser  conglomerate,  the  j 
inch  in  length.     To  this  succeeds  a  ban 
then  of  coarser,  and,  lastly,  another  of  fin 
which  has  some  resemblance  to  the  botto 
almost  all  vein-quartz,  and  are  rather  fl 
like  an  impure  jasper.     The  strike  of  tl 
E.N.E.,  and  the  dip  about  60°  on  the  sou 
bands  the  pebbles  appeared  more  rolled  th 
from  the  size  of  hemp-seeds  to  that  of  p 
most  conglomeratic  part  is  a  kind  of  qu 

examination,  as  will  be  presently  shown,  fully  confirms  the  abov< 
evidence  as  to  the  clastic  origin  of  this  rock. 

On  the  N.W.  side  of  Twt  Hill  are  quarries  showing  a  rock  mon 
distinctly  gneissose  than  it  is  at  the  summit,  the  component  mineraL 
having  often  rather  a  banded  arrangment.  One  block,  observed  bj 
Mr.  Houghton,  showed  very  well  an  alternate  banding  of  coarsei 
and  finer  varieties  of  the  rock.  The  rock  also  in  the  higher  part  oi 
the  quarry  became  finer  in  texture  f,  and  contained  considerable 
quantities  of  a  decomposed  green  mineral  like  epidotej;  some 
quarried  blocks  in  a  field  showed  bands  of  grey  grit  interbedded  with 
the  normal  Twt-Hill  type  of  rock. 

On  the  right-hand  side  of  the  new  road  leading  to  Llysmeirion  is 
a  rock  of  the  same  general  character,  but  paler  in  colour  and  more 
metamorphic  in  aspect.  It  seems  to  lie  a  little  below  the  conglo- 
merate, and  to  overlie  those  exposed  in  the  last  pit,  which  are  pari 
of  the  general  mass  of  Twt  Hill.  The  rock  from  the  pit  neai 
Llysmeirion  has  already  been  noticed  §. 

Specimens  from  some  of  the  above  beds  have  been  examined  mi- 
croscopically. Commencing  with  a  section  ||  cut  from  the  finer  pari 
of  one  of  the  conglomerates  (which  is  more  granitoid  in  aspect  thai 
some  of  the  other  bands),  we  find  the  rock  obviously  (as  we  shoulc 

*  A  name  appears  to  be  needed  for  these  granitoid  rocks,  which  in  genera 
aspect  much  resemble  a  granite  poor  in  mica,  are  metamorphic  clastic  rocks 
but  differ  from  ordinary  gneiss  in  being  scarcely,  if  at  all,  foliated,  as  well  ai 
in  the  small  amount  of  mica.  I  venture  to  propose  the  name  "  Ghranitoidite.' 
-T.  G.  B. 

t  A  fine  gritty-looking  rock  may  also  be  seen  on  some  waste  ground  highei 
up  the  hill,  near  a  white  cottage. 

{  Specimens  from  these  quarries  exhibit  considerable  variety  in  the  relative 
amounts  of  quartz,  of  felspar,  and  of  the  green  constituent,  some  of  which  is  mon 
like  a  kind  of  chlorite. 

Quart.  Joum.  Geol.  Soc.  vol.  xxxiv.  p.  145. 
Kindly  lent  to  me  by  J.  B.  Marr,  Esq.  — T.  Q.  B. 
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«e)  of  clastic  origin,  consisting  of  snbangular  grains  of  quartz, 
rather  full  of  very  minute  cavities  (?  empty)  and  specks  of 
te,  and  of  a  quartzite  varying  from  rather  fine  to  moderately 
e,  which  are  imbedded  in  a  minutely  crystalline  matrix.  This, 
I  highly  magnified,  exhibits  a  felted  fibrous  structure,  brightly 
red  with  crossing  Nicols,  probably  formed  by  the  alteration  of 
;her  siliceous  mud  into  microlithic  products  of  more  than  one 
ral ;  there  are  also  two  rather  angular  fragments  of  a  fine- 
ed  quartz-schist,  and  two  or  three  more  of  doubtful  origin,  in 
perhaps,  decomposed  felspar.  There  are  also  some  patches  of 
en  chloritic  mineral  and,  in  parts  of  the  slide,  fair  quantities  of 
ite. 

le  rock  from  the  quarry  by'  the  road  to  Uysmoirion  is  also 
inly  clastic,  and  has  some  similarity  to  the  last ;  but  it  is  more 
ult  to  determine  the  amount  of  alteration.  Some  of  the  quartz 
Ls  (showing  cavities  *  and  included  opacite)  have  a  distinctly 
nental  aspect ;  but  here  and  there  one  is  seen  irregularly  "  fused  " 
le  edge  with  the  matrix,  as  if  formed  by  segregation  from  it. 
matrix  is  earthy  in  aspect,  and  more  granular  in  structure 
the  last,  and  occupies  the  major  part  of  the  slide;  in  it, 
iver,  there  seem  indications  of  fragments,  suggesting  that  it 
be  composed  chiefly  of  grains  of  decomposed  felspar.  The  aspect 
lis  rock  suggests  that  it  was  once  very  probably  a  coarse  quartz- 
ar  grit  f.  The  rock  on  the  southern  side  of  the  Twt-Hill  ridge 
some  resemblance  to  this  variety. 

compact  **  greenstone  "  dyke,  probably  a  diabase  (to  .which  my 
ition  was  called  by  Dr.  Hicks),  is  exposed  in  the  narrow  lane 
ing  from  the  street  to  Twt  Hill.  It  is  about  four  yards  wide, 
strikes  rather  8.  of  8.E. 

bout  half  a  mile  from  the  quarry  on  the  N.E.  face  of  Twt  Hill,  in 
Id  (used  for  football),  is  another  quarry  J.  Here  we  find  an  in- 
Jting  section  exposed,  which  has  been  examined  by  Mr.  Houghton, 
face  of  the  quarry  is  apparently  formed  by  a  bedding- plane ; 
highest  stratum  seen  is  a  rather  coarse  conglomerate,  consisting 
ebbles  |"  to  2"  long,  mostly  round  and  quartzose.  There  are  not 
w  subangular  fragments  of  quartz,  quartzite,  red  jasper,  &c,, 
a  few  flat  little-worn  fragments  of  schistose  rock,  not  unlike 
e  of  the  Anglesey  schists.  Total  thickness  4  feet.  Below  this  is  a 
1  about  the  same  thickness,  pink-coloured  at  the  top,  grey  below, 
listing  of  similar  material  in  a  finer  state  of  division.  Parts  of 
are  a  very  fine  altered  grit  or  quartzite.  Beneath  this  is  8  feet 
tonglomerate,  the  pebbles  being  more  angular  than  in  the  upper 
A  considerable  thickness  of  finer  beds  succeeds.  Dip  45""  to 
8.8.E. 

bout  200  yards  8.  of  Cae-Gwyn  farmhouse  is  another  quarry, 
jring  a  conglomerate  consisting  of  well-rounded  pebbles  (quartz. 

Some  at  least  of  these  are  nearly  full,  as  minute  bubbles  can  be  seen. 
See  Appendix  to  Dr.  Hicks's  paper,  suprd,  p.  306. 

Position  on  map  a  little  8.  of  the  "  u  in  "  Bathing  House."  The  quarry 
Lst  on  the  crest  of  the  ridge ;  I  haye  recently  visited  it  myself. — T.  Q.  B. 
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with  a  few  of  jasper),  the  matrix  heing  a  purplish-brown  quart- 
zose  grit,  apparently  not  more  highly  altered  than  those  at  the 
base  of  the  Cambrian  series.  Strike  difficult  to  obtain,  but  pro- 
bably W.S.W.  About  a  mile  beyond  this,  aloog  the  road,  is  a 
quarry  *  on  the  left  hand,  showing  rock  of  the  normal  Twt-Hill 
type,  but  rather  fine  in  texture ;  and  further  on,  in  a  farmyard, 
^^  Parciau  Isa,"  a  similar  rock.  The  same  may  also  be  seen  off  the 
main  road,  halfway  between  Griffith's  Crossing  (Llanfair-is-gaer  of 
map)  and  Port  Dinorwig. 

Bock  of  the  same  general  type,  granitoid,  and  consisting  mainly 
of  quartz  and  felspar,  with  sometimes  a  slight  approach  to  a  foliated 
structure,  extends  to  ''  £lim  Chappel,"  a  little  beyond  Port  Dinorwig. 
In  this  place,  where  the  railway  crosses  the  main  road,  is  a  good 
exposure  of  the  above  rock.  Mr.  Houghton,  by  following  a  footpath 
leading  from  the  Bangor  road  and  crossing  the  railway  f,  found  some 
decomposed  rock,  probably  of  the  same  character ;  and  then  behind 
the  northernmost  buildings  of  *'  Pen-r-allt "  a  felsite,  and  on  the 
hill  above  that  a  purplish  quartz-felsite  of  the  normal  aspect  (e.g. 
like  that  of  Brithdir).  He  traced  the  felsite  along  this  ridge ;  but 
after  crossing  a  slight  valley,  and  ascending  another  ridge  over- 
looking the  Straits,  found  again  the  Twt-Hill  rock  jr. 

He  observed  in  a  quarry  by  the  road  running  up  from  "  Ferry 
House  "  a  rather  compact  grey  variety  of  the  metamorphicrock,  and 
at  the  N.  W.  end  of  it  a  green  rock.  A  little  green  rodi  intercalated 
in  the  metamorphic  occurs  on  Pen-r-allt  on  the  northern  side.  The 
normal  quartz-felsite  occurs  at  the  corner,  "  Pant  yr  fallan  fach;" 
and  to  the  N.,  behind  Pant  yr  fallan,  is  a  very  pretty  variety. 

Granitoid  or  gneissoid  rock  may  be  traced  for  some  distance  on 
the  left-hand  side  of  the  main  road  to  Caernarvon,  where  it  runs 
parallel  with  the  railway.  This  is  here  faulted  against  dark  shaly 
Carboniferous  rock.  It  may  also  be  seen  at  the  top  of  the  steps 
behind  the  Arvon  inn,  between  a  school  and  chapel  (felsite  is  ex- 
posed on  the  hill-side  about  a  furlong  to  N.E.  along  the  road) ;  and 
rock  of  a  gneissoid  type  occurs  where  the  road  (joined  by  that  coming 
from  the  Ferry  House)  turns  sharp  to  S.E.,  and  by  the  side  of  a 
ravine  in  this  latter  direction.  On  the  left  bank  of  the  same  ravine 
it  is  again  exposed,  near  Tan-y-maes ;  but  on  crossing  the  stream 
we  find  a  rotten  felsite  exposed  near  Tan-y-perthi,  and  a  little 
further  on,  by  a  farmhouse,  we  are  on  a  knoll  of  the  characteristic 
quartz-felsite.  To  the  S.  of  Tan-y-maes,  in  a  field,  is  a  fine  greyish 
bedded  grit  (sometimes  brownish);  some  foui*  yards  or  more  in 
thickness  are  ^exposed,  and  the  dip  is  about  30^  to  S.£.  This 
rock  seems  hardly  more  altered  than  many  Cambrian  grits ;  still, 
as  it  can  be  nearly  matched  from  bands  intercalated  in  some  of  the 
conglomerates,  and  rock  of  the  granitoid  type  is  exposed  in  the 

*  On  map  ^"7"  N.  of  first  "  1"  in  Pengelli. 

t  Running  between  worda  *'  bush"  and  "  inn **  on  map. 

}  The  specimen  is  a  gneissose  rock,  consisting  of  quartz,  felspar,  and  a  dark- 
green  mineral,  seen  also  at  Twt  Hill,  and  on  close  examination  shows  indications 
of  a  firagmontal  structure. 


Digitized  by 


Google 


iSKBJTEa  BSIWEISN  XWT  HILL  Am)  POBT  BINOBWIO.  825 

field,  it  soems  more  probable  that  this  belongs  to  the  oldest 
3,  and  is  not  some  faulted  Cambrian. 

-.  Houghton  has  traced  the  grit  for  some  distance  towards  the 
3ginning  with  this  hill  between  Gareg  goch  and  Tyddyn  bach, 
curs  at  the  S.E.  end  of  the  slight  knoll  on  which  stand  the 
y-maes  cottages,  and  when  traced  round  this  in  a  N.W.  direc- 
becomes  felspathic,  till  it  assumes  the  usual  type  mentioned 

>  *.  On  the  E.  slope  of  a  hill  N.  of  a  lane  leading  towards 
th's  Crossing  from  Pen-Bhos  farm,  the  quartzite  occurs  inter- 
)d  with  a  felspathic  rock ;  and  on  the  S.W.  slope  of  the  same 
i  the  granitoid  rock,  whidi  also  occurs  in  other  places  nearer 
it  railway  station. 

results,  therefore,  that  this  northern  strip  of  "  quartz-por- 
r  '*  consists  of  two  very  different  groups  of  rocks,  divided  roughly 
line  drawn  on  the  map  from  the  left  side  of  the  *'  C  "  in  £lim 
al,  between  the  two  "  n "  's  in  Bosh  Inn,  between  the  "  r  " 
*  alt "  in  Pen-r-alt,  and  the  "  y  "  and  "  g**  in  Tan-y-grisrau, 
probably  continued  across  the  patch  in  the  same  (S.W.)  direc- 
'.  To  the  N.E.  of  this  division  we  have  the  quartz-felsite 
iy  described;  to  the  S.W.  a  group  of  metamorphic  rocks, 
I  vary  in  character  from  quartzose  conglomerates  to  granitoid 
poor  in  mica,  some  of  which  have  considerable  resemblance  to 
Hcalled  granite  of  Ty-Croes,  Anglesey,  and  are  probably  very 
older  than  the  quartz-folsite.  If  there  is  no  faulting,  the 
[lill  group  is  the  highest  of  the  metamorphic  series,  the  dip, 

>  observed,  being  approximately  S.SJB.  As  the  length  of  the  strip 
9ut  4}^  miles,  i  of  the  whole  area,  coloured  red  on  the  map, 
^  to  the  Pre-Cambrian  (Dimetian)  rocks ;  and  the  thickness 
I  series,  if  we  may  suppose  there  is  no  repetition  by  faults,  can 
f  be  much  less  than  5000  feet. 

DiSCOSSIOK. 

)  Pbssidsnt  had  made  microscopical  sections  thirty  years  ago 
3  rocks  of  Caernarvonshire,  in  illustration  of  the  question  of 
•igin  of  slaty  cleavage.  When  he  commenced  his  work,  ridicule 
ilu-own  on  the  application  of  the  microscope  to  the  study  of 
;  but  the  papers  of  the  evening  had  fully  shown  that  this  mode 
dy  was  now  regarded  in  a  very  different  light, 
f.  Hughes  asked  for  better  proof  than  had  been  given  by  Dr. 
that  his  three  scries  are  unconformable  with  one  another, 
lought  that  Dr.  Hicks's  identification  of  some  of  the  patches 

le  exact  boundary  will  require  re-examination  at  Tan-y-Maee,  for  I  find 
specimen  wMch,  in  the  field,  I  had  regarded  as  a  Tariety  of  the  granitoid 
is  really  a  spherulitic  quartx-felsite,  quite  unlike,  howerer,  any  that  I 
it  seen  in  this  district.  It  is  reiparkable  how  similar  the  rocks  of  these 
■oups  now  and  then  are  in  the  field,  though  under  the  microscope  it 
hardly  be  possible  to  imagine  any  two  things  more  different — ^T.  Q-.  B. 
utorope  and  pits  appear  to  be  wanting  in  the  remaining  part  of  this.  A 
ssembling  rotten  felsitic  grit  is  just  exposed  on  the  roaa  between  Bethel 
anddeiniolen  rectory,  and  beyond  Qors  bach  is  true  quartz-felsite. 

J.  G.  S.  No.  138.  z 
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of  rock  as  Pre-Gambrian  waa  premEtiire.  He  thought  that  tl 
was  evidenoe  that  the  three  series  (the  granitoid,  the  felsitic,  and 
Tolcanic)  passed  into  one  another.  The  sequence  of  these  beds  i 
often  very  difficult  to  discover,  on  account  of  the  difficulty  of  mak 
out  which  of  the  divisional  planes  are  due  to  original  bedding  ( 
which  to  joints,  as  well  as  because  of  the  numerous  faults  wl 
traverse  the  district,  which  did  not  seem  to  have  been  taken  i 
account.  He  criticised  the  views  of  Prof.  Bonney  as  to  the  dii 
tion  of  the  dip  of  the  beds  seen  near  Caernarvon. 

Mr.  RuTLET  thought  that  the  presence 
In  some  oases,  fail  to  afford  decisive  evide 
flowed  as  lavas,  since  he  thought  it  possi 
might  also  be  formed  by  a  kind  of  convec 
of  volcanos.  He  expressed  some  doubt  ac 
Df  halleflintas.  He  thought  that  the  ci 
of  such  rocks  might  be  of  secondary  origi 
through  them  of  alkaline  waters,  as  sugg 
Phillips. 

Mr.  Davus  regarded  the  halleflintas  as  quite  distinct  from 
felstones,  as  the  former  contained  a  larger  proportion  of  silica  i 
are  of  very  different  physical  charac^-^- 

Mr.  RuTLBT,  in  reply,  insisted  on 
lisplayed  by  the  rocks  classed  togetl 

Mr.  Tawhbt  doubted  the  advisabi 
bo  include  the  quartzites  near  H 
felsites  and  grits  near  Bangor,  until  \ 
>ut  more  in  detail ;  the  proofs  of  u 
>elow  he  also  regarded  as  dubious. 

Br.  HioKs  had  proposed  the  nan 
renience'  sake.  He  could  vouch  foi 
nany  plaoes,  as  was  proved  by  tl 
)ut  at  other  points  they  might  be  ( 
3e  pointed  out,  in  opposition  to  M 
3avies  and  Prof.  Bonney  agreed  as  to 
rom  the  felstones.  In  reply  to  M 
Lrvonians  were  separated  from  the 
Lians  above  by  great  masses  of  brecc 

Prof.  BoNWET  replied  to  the  remi 
ocks  of  the  granitoid  and  felsitic 
»ne  another.     He  maintained  the 
lill.     He  thought  that  the  occurrei 
ocks  in  question  in  the  overlying 
ind  metamorphic  theories  of  the  or 
[uestion.      In  reply  to  Mr.  Rutley, 
low-structure  might  be  found  in 
hat  the  rocks  in  question  were  cer 
lalleflintas  are  usually  of  sedimeatai 
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27.  On  CoMMinnTT  of  Stbfotxjeb  in  Bocks  of  Dissdiilab  Obioix. 
By  Fbakk  Butlbt,  Esq.,  F.G.S.,  H.M.  Geological  Survey. 
(Bead  January  22, 1879.) 

SncuLATio^rB  upon  the  origin  of  rocks  have  always  been  fraught 
with  more  or  less  grave  difficulties ;  and  although  much  has  from 
time  to  time  been  written  upon  the  subject,  those  writings  are  in 
very  many  instances  open  to  the  objection  that  they  are  merely 
speculations^  and  that  the  data  from  which  they  have  been  educed 
are  often  by  no  means  of  a  comprehensiye  nature.  Within  the  last 
few  years  tJie  microscope  has  afforded  a  large  amount  of  information 
respecting  peculiaritieB  which  were  previously  unknown  in  the  struc- 
ture of  rooks — microscopic  peculiarities  it  is  true,  but  still  amply 
sufficient  to  demonstrate  that  the  cubic  inch  and  the  cubic  mile  of 
rock  are  often  identical  in  mineral  constitution,  and  built  up  in  the 
same  manner. 

Given  a  patent  community  of  origin,  and  often  a  coexisting  com- 
mimity  in  Uie  mineral  constitution  of  rocks,  we  then  see  little  or  no 
reason  to  doubt  the  truth  of  many  of  the  deductions  which  have 
been  made ;  and  the  geological  literature  of  twenty  years  ago  then 
i^pean  to  be  often  quite  as  satisfactory  as  that  of  to-day. 

It  is,  however,  very  common  to  find  that  the  origin  of  certain 
it>^  is  by  no  means  so  evident,  and  the  darkness  which  veils  their 
past  history,  and  the  conditions  under  which  they  were  formed,  is 
not  always  to  be  dissipated  even  by  the  most  patient  and  unbiassed 
research. 

So  fieir  as  the  nomenclature  of  rocks  is  concerned,  it  was  a  wise 
practice  on  the  part  of  the  older  geologists  to  avoid  entering  too 
much  into  detail  in  the  separation  of  rocks  which  were  more  or  less 
eloeely  allied  in  mineral  constitution ;  and,  instead  of  blaming,  we 
ihould  rather  thank  them  for  the  employment  of  such  generally 
oomprehensire  terms  as  greenstone,  aphanite,  &c.,  which  roughly 
indicate  the  fades  of  certain  rocks  without  implying  too  definitely 
a  knowledge  reserved  for  the  students  of  a  later  date. 

That  this  knowledge  is  still  very  imperfect  there  is  no  doubt ;  and 
it  behoves  modem  petrologbts  to  exercise  a  like  cautiousness,  and 
to  beware  lest,  in  discarding  some  of  the  useful  terms  employed  by 
tlieir  predecessors,  they  institute  a  more  complex  classification, 
hemmed  in  by  definitions  sharper  than  any  which  nature  warrants — 
definitions  which  a  future  generation  may  bring  in  evidence  against 
them. 

l^iarp  definitions  are,  however,  to  a  certain  extent  a  necessary 
eril  Without  them  no  satisfactory  classification  can  exist,  and 
without  classification  no  student  can  work  systematically. 

It  may  be  well  to  consider  a  few  petrological  terms  and  definitions, 
ind  to  endeavour  to  ascertain  how  far  they  tend  to  elucidate  the 
ftructare,  the  mineral  constitution,  and  the  origin  of  certain  rocks. 
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For  example,  the  terms  dolcrite,  anamesite,  and  basalt  arc  m 
copted  as  indicative  of  variation  in  the  texture  of  certain  rod 
•which  are  identical  in  mineral  constitution.  We  may  apply  ai 
of  these  terms  to  such  a  rock,  but  we  do  not  imply  any  diffcrcn 
either  in  the  nature  or  in  the  relative  amounts  of  its  mineral  consi 
tuents. 

These  names  simply  indicate  varieties  of  texture  or  crystallii 
development;  and  they  probably  only  denote  differences  in  tl 
temperature  at  which  the  rock  was  erupted,  or  differences  in  tl 
rate  of  cooling  during  the  solidification  of  any  such  mass  of  rock. 

Be  these  differences  great  or  smal 
been  approximately  the  same.  The 
and  the  rapidity  of  cooling  are  si 
questions:  they  are  mere  questions 
mesite,  and  basalt  are  mere  phases  o 

Very  fine-grained  or  cryptocrystal 
the  diorite  group,  &c.  are  designate 
term  under  which  to  cloak  ignoran 
be  regarded  as  a  still  lower  grade  in 
a  basalt. 

The  same  may  be  said,  structurally,  of  the  granitic  rocks,  whi 
range  from  the  coarsely  porphyritic  granites  to  the  fine-grain 
elvans. 

Between  the  extremes  of  development  of  the  constituents  in  8u< 

rocks  there  lies  much  the  same   difference   as   that  which  exis 

between  a  dwarf  and  a  giant.     The  principle  which  governs  tl 

•  development  of  the  large  crystals  is  also  evident  in  the  structure 

the  smaller  ones. 

If,  then,  in  our  classification  c 
magnitude  in  the  development  of 
more  justly  may  they  be  set  asid 
structure  of  clastic  rocks  ?  The 
material,  gravel,  and  fine  sand  mei 
we  find  in  their  cemented  and  co 
merates,  breccias,  grits,  and  sand 
stone  or  grit  is  but  a  conglome 
terms  lapiUi  and  ash,  as  applied  t< 
indicate  degrees  of  comminution. 

Certain  substances,  however,  a 
division  than  others ;  and  in  the  n 
shales  and  slates,  and  in  the  m< 
which  on  levigation  gives  rise  to  ; 
the  Andes,  we  find  probably  t 
power  as  applied  to  the  natural  di 
Before  quitting  the  subject  of  reli 
of  rock  masses,  it  may  be  worthy  ( 
is  one  which  is  conveniently,  thoug 
to  the  naked  eye,  present  no  por 
often  seen,  under  the  microscope,  t 
the  magnified  image  exhibiting  a! 
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eoaisely  porphyiitio  rocks.    Macroporphjrritic  and  mioroporphyritic 
are  conTenient  terms  by  which  to  indicate  such  differences. 

The  next  question  which  seems  worthy  of  consideration  is  the 
importance  which  should  be  attached  to  the  rounded  contours  of  the 
fra^ents  and  crystals  which  enter  into  the  constitution  of  many 
rocks,  attaching  importance  to  the  question  mainly  because  a  just 
solution  of  the  yarious  cases  which  present  themselves  may  serre  to 
throw  considerable  light  on  the  origin  of  the  rocks  in  which  such 
rounded  fragments  and  crystals  occur,  and  because  we  may  thus  be 
enabled  in  time  to  distinguish  the  different  causes  which  have  been 
instrumental  in  obliterating  angularity. 

We  find  fragments  and  crystals  which  have  unquestionably  been 
rounded  by  attrition.  The  attrition  has  in  some  instances  been 
produced  by  the  motion  imparted  to  these  bodies  either  by  running 
water  or  by  the  action  of  wares  on  coasts.  In  other  instances  it  is 
duo  to  the  ejection  of  fragments  and  crystals  from  volcanic  vents, 
operating  both  during  their  upward  journey  and  their  descent. 

Again,  we  find  rounded  crystals  occurring  in  volcanic  rocks, 
notably  in  those  of  a  vitreous  character,  and  we  also  meet  with  them 
occasionally  in  rocks  of  a  totally  different  origin  (e,g,  the  coccolith 
grains  in  certain  limestones  and  the  glauconite  grains  in  some 
sedimentary  rocks ;  the  latter  are,  however,  often  the  internal  casts 
of  Foraminifera). 

In  some  cases  crystals  present  rounded  forms,  due  to  aborted 
development,  as  instanced  by  Prof.  Eenard  in  the  orthoclaso  crystals 
of  the  porphyroids  of  Maims  and  Laifour  in  the  Ardennes.  These 
crystals  have,  externally,  the  aspect  of  water-worn  pebbles ;  but 
when  broken  open  they  are  all  seen  to  be  twinned  on  the  Carlsbad 
type.  This  is  probably  a  much  more  frequent  cause  of  the  rounded 
appearance  ef  crystals  than  is  generally  supposed. 

The  roundish  amygdaloidal  kernels  of  calcspar  which  occur  in 
vesicular  rocks  sufficiently  demonstrate  their  secondary  origin  by 
their  polysynthetic  character ;  but  in  the  case  of  other  minerals 
which  sometimes  occupy  such  cavities,  it  is  not  always  so  easy  to 
denumstraU  that  they  have  been  subsequently  infiltered,  although 
there  can,  as  a  rule,  be  little  doubt  on  the  subject.  The  difficulty 
in  such  demonstration  lies  chiefly  in  showing  that  their  origin  is 
not  concretionary,  since  in  radial  crystallization  and  in  concentric 
zonal  structure  they  often  simulate  concretions  and  Bpherulitio 
bodies.  It  appears,  indeed,  an  open  question  at  times  whether  the 
amygdaloidal  character  of  some  rocks  is  not  rather  duo  to  concre- 
tionary developments  than  to  the  filling  in  of  vesicles. 

If  ijie  amygdaloids  in  such  rocks  consist  of  calcarcoiis  or  other 
readily  soluble  matter,  the  rocks,  when  weathered  or  when  treated 
with  adds,  present  the  character  of  true  vesicular  rocks,  and,  without 
due  precaution,  very  erroneous  conclusions  may  be  formed  concerning 
their  real  nature  and  origin.  Some  of  the  vesicular  schalsteins 
afford  good  examples  of  this  kind ;  and  a  highly  vesicular  character 
is  sometimes  imparted  to  certain  micaceous  eraptivo  rocks  by  tho 
weathering  out  of  tho  cr}'8tals  and  scales  of  mica,  which,  at  first, 
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leave  definitely  shaped  cavitiefi  or  moulds  of  the  departed  orystals ; 
but  these  in  tune  become  farther  weathered  into  more  or  lees  sphe- 
rical cavities,  so  that  at  length  the  rock  resembles  a  scoriaceons  lava. 
The  rock  at  Washfield,  near  Nether  6towey,  is  a  good  example  of 
this. 

We  must  not,  indeed,  always  impute  an  eruptive  origin  to  every 
rock  which  exhibits  traces  of  vesicuLur  structure,  since  vesides  may 
even  be  met  with  in  sediments.  They  are,  however,  very  rarely  seen. 
The  marsh-gas  derived  from  decaying  animal  and  vegetable  matter 
may  account  for  their  presence  in  the  mud  of  ponda,  brooks,  &c. ; 
for,  if  we  stir  such  mud  gently  with  a  stick,  bubbles  of  gas  are  freely 
disengaged,  and  it  is  consequently  evident  that  they  must  exist, 
pent  up  within  the  mud. 

If  the  decomposing  matter  lie  beneath  merely  a  thin  covering  of 
mud  the  gas-bubbles,  as  they  become  naturally  disengaged,  will 
probably  pass  completely  through  it ;  but,  in  other  cases,  where  the 
superstratum  of  mud  is  thick,  the  bubbles  may  only  pass  some  little 
distance  into  the  mud ;  and  if  such  a  deposit  became  quickly  dry 
(as  it  might  do  on  a  muddy  shore  or  in  an  estuary  when  the  tide 
went  out),  it  is  quite  possible  that  the  gas-bubbles  would  form  per- 
manent spherical  cavities.  Under  similar  conditions  raindrops, 
worm-tracks,  and  footprints  have  formed  permanent  records,  and 
like  conditions  ought  to  suffice  for  the  preservation  of  a  vesicular 
structure  in  fine  muddy  sediments  in  which  organisms  have  decom- 
posed. 

That  records  of  this  kind  are  of  rare  occurrence  is  doubtless  due 
to  the  obliterating  disturbance  produced  by  the  returning  tide. 

That  they  are  so  seldom  observed  is  also  due,  in  part,  to  the  infil- 
tration of  mineral  matter  in  solution  after  the  oonsolidation  of  the 
deposits. 

In  rocks  of  this  kind  which  have  undergone  little  or  no  compres- 
sion such  cavities  would  be  spherical ;  but  in  all  old  deposits  which 
have  undergone  the  pressure  of  a  considerable  thickness  of  superin- 
cumbent strata,  we  should  naturally  expect  to  find  them  ovate  or 
lenticular.  The  irregular  form  of  the  vesicles  so  common  in  eruptive 
rocks  must  be  attributed  to  forcible  injection  of  gas  or  vapour,  com- 
pression, or  the  irregular  motion  of  surroimding  matter  in  a  viscid 
condition  or  sometimes  even  in  a  state  of  ebullition.  A  pisolitio 
structure  is  occasionally  met  with  in  fine  pumice  tufis,  and  is  stated  by 
Cotta*  to  be  due  to  the  action  of  raindrops,  being  a  phenomenon 
similar  to  that  which  is  produced  at  the  present  day  when  showeiv 
of  rain  accompany  showers  of  volcanic  ashes.  The  spherical  form  of 
volcanic  bombs  is  due  to  the  rotation  of  masses  of  molten  matter 
during  their  projection  and  fall  through  the  air.  We  have  now 
reviewed  the  principal  causes  which  account  for  the  rounding  of 
crystals  and  fragments  of  mineral  matter  and  for  the  spherical  or 
spheroidal  cavities  and  kernels  which  occur  in  rocks ;  but  there  are 
other  spherical  and  spheroidal  forms  which  have  yet  to  be  considered, 
and  which  are  also  of  considerable  petrological  interest.  In  many 
*  RookB  Olassified  and  Described  (London,  1866),  p.  309. 
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)iis  rocks,  such  as  pitohstones  and  obsidians,  spherules  are  often 
oped  in  great  profosion.  These  appear  to  represent  deviiaifi- 
a  around  certain  points ;  and  similar  bodies  may  sometimes  bo 
Ted  in  window-glass.  Spherules  in  vitreous  rocks  usually  have 
liately  fibrous  or  incipient  crystalline  structure,  often  aecom- 
d  by  a  concentric  zonal  banding  which  is  generally  peripheral, 
at  all  events,  more  strongly  perceptible  towards  the  margin. 
;  starts  the  devitrification  in  these  spots,  and  what  constitutes 
nudei,  are  questions  which  yet  remain  to  be  worked  out ;  but 
me  instances  minute  crystals  or  grains  of  magnetite  &c.  may 
Bn  to  occupy  the  centres  of  these  bodies.  They  are  not  related 
lygdaloidal,  concretionary,  or  perlitio  structures,  and,  if  they 
any  representatives,  they  are  probably  crystallites,  or  rudi- 
ary  phases  of  aborted  crystals,  such  as  those  already  alluded  to. 
me  rocks  they  are  seen  to  run  in  regular  planes  or  bands,  and 
ionally  coalesce  and  form  continuous  belts, 
en,  again,  there  is  perlitie  structure,  upon  which  Prof.  Bonney 
f r.  Allport  have  cJready  written  able  papers,  demonstrating 
[ation  to  spheroidal  structure.  Then  there  is  the  coarse  sphe- 
[  structure  which  is  at  times  associated  with  columnar  structure, 
occasionally  it  seems  to  occur  in  an  independant  manner ;  and, 
)  latter  instances,  it  might  not  be  an  altogether  unprofitable 
ry  to  attempt  to  ascertain  the  relation  which  ordinary  con- 
b1  fractures  bear  to  these  spheroidal  surfaces.  The  microscopic 
es  filled  with  gas  or  vapour,  which  are  frequently  spherical, 
^e  little  cavities  contaming  fluids  and  sometimes  vitreous* 
!r,  and  which  are  seldom  spherical,  do  not  materially  influence 
roader  questions  which  I  now  wish  to  raise,  although,  when 
[it^  they  should  never  be  ignored. 

lally  we  have  concretionary  structure,  commonly  giving  rise  to 
ical,  spheroidal,  or  lenticular  forms  of  most  variable  dimensions, 
Qg  from  minute  oolitic  bodies  up  to  the  large  balls  which  are 
rith  in  slate-quarries  and  the  ironstone  nodules  which  occur  in 
oal-measures. 

lave  by  no  means  enumerated  all  the  varieties  of  structure 
L  come  under  these  different  heads,  since  in  this  paper  I  am 
us  to  deal  with  minutiae  only  when  they  affect  principles. 
9  following  table  is  an  attempt  to  classify  the  component  parts 
ks:— 


llixations  . 


definite    . . .  |  "^?g»«»P^?- 
I  microsoopia 


indefinite.. 


macrocrystalline 
microcrystalline 
cryptocrygtalline 


elaitic  matter 

^houamatter ) 

/interstitial  (oementa  in  dastio  rockB) 


Ground-maMefl  and  in- 
terstitial residues. 
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r  by  infiltration. 


ruyi 

...  I  l^  replacement. 

Iby  Iteration \^^: 


\ 


Faeudomorphi 


C  peephitic  (breooias  and  conglomerates). 

Olastic  matter \  psammitic  (sands). 

[  politic  (muds). 

^  fanimaL 

Organic  remams...  I ^^g^t^^l^ 

After  this  short  resume  of  the  leading  structural  characters  whii 
rocks  present,  it  may  be  well  to  follow  it  up  by  a  consideration 
certain  rocks,  or  groups  of  rocks,  in  which  structural  peculiariti 
may  be  regarded  as  indicative  of  their  origin,  and  others  in  whi< 
structural  characters  are  of  no  value  in  elucidating  the  conditions  < 
their  genesis* 

Bock-fomiiiig  materiah, 

f  Cryttdh  with  sharp  angles. 
„       with  rounded  angles. 
„        with  no  angles  (aborted  crystallization). 
FragmsnU  ofcrystaU  witn  sharp  angles. 

'  „  M  with  rounded  angles. 

Crystalline  grains  of  irregular  and  angular  form,  as 

granites. 
C^stallites, 
Fragments  of  Bocks  with  sharp  angles. 

,,  „       with  rounded  angles. 

Segregations^  Concretions,  &c. 

Solids^  fluidSf  vapours  or  gases  filling,  or  partially  fillir 
cayities  in  minerals  and  rocks  (amy^aloios,  fluid-caTiti 
^     steam-pores,  &o.). 
^  Solids  precipitated  from  infiltered  solutions  and  oonstit 

ting  cements. 
Solids  precipitated  from  solution,  constituting  rock  mass 

entirely  or  partly. 
Solids  secreted  from  solution  and  from  other  sources  ^ 
organic  agency,  forming  the  tests  of  Foraminifera^  Mi 
.     luMS,  &0.,  and  the  bones  of  Tertebrate  animals. 
Amorphous  glassy  matter,  resulting  from  the  rapid  ooolii 
of  fused  mineral  matter. 

^'*^  :::wI;:;°wom}«-»«"^  '^^  unoeniented. 


Common  to  Erup- 
ti?e  and  Clastic 
rocks. 


Peculiar  to  Clastic 
rocks. 


Peculiar  to  Erup- 
tive rooks. 
Peculiar  to  Clastic 
rocks. 


In  the  preceding  table  I  have  treated  all  rocks  under  two  head 
the  Eruptive  and  the  Clastic. 

The  latter  may  be  divided  into : — 

Ordinary  Clastic  rocks  or  ordinary  detrital  sediments,  and  Pyr 
dastic  rocks  or  volcanic  ejectamenta. 

As  examples  of  eruptive  rocks  containing  crystals  with  sharp  ang\ 
mAybe  dted: — Basalts,  in  which  the  augite,  felspars,  nephelic 
magnetite,  &o.  occur  in  well-developed  crystals;  Phonolites,  in  whi 
the  nepheline  and  other  oonstituente  are  commonly  well  crystallize 
Oranites,  in  which  the  felspars,  apatite,  and  often  the  micas  are  m 
with  in  well-formed  crystals. 

As  instances  of  eruptive  rocks  containing  crystals  with  round 
angles  we  may  quote : — BasaUs^  in  which  the  olivine  crystals  ve: 
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eommonly  present  rounded  angles  or  occur  merely  in  rounded  pellets 
or  grains;  Leueitophyrs,  in  which  the  leucito  crystals  sometimes 
give  almost  or  quite  circular  sections ;  Granites^  in  which  the  felspar 
crystals  are  sometimes  rounded ;  Quartz^porphyries^  in  which  the 
quartz  frequently  occurs  in  rounded  grains ;  PorphyriteSy  in  which 
quartz  sometimes  occurs  in  rounded  grains  similar  to  those  in  quartz- 
porphyries  ;  Forphyritic  pitchstones  and  other  vitreous  rocks,  in 
which  the  felspars  and  other  porphyritic  crystals  often  present 
rounded  uigles ;  Volcanic  ejectamenia,  in  which  rounded  crystals  are 
of  common  occurrence. 

Among  Sedimentary  rocks^  Orits  and  Sandstones  commonly  consist 
in  great  part  of  crystals  of  quartz  and  felspar  with  rounded  angles ; 
hut  these  minerals  are  more  often  completely  rounded,  so  that  they 
frequently  show  no  trace  of  crystalline  faces. 

The  porphyroids  sometimes  contain  crystals  which  present  per- 
fectly rounded  contours ;  hut  it  has  heen  shown,  as  already  mentioned, 
that,  in  some  cases  at  all  events,  their  rounded  contours  are  due  to 
aborted  crystallization.  The  Tiree  limestoDe  contains  coccolite, 
rounded  grains  of  augite. 

The  Folkestone  beds  of  the  Lower  Greensand  contain  rounded 
grains  of  glauconite ;  but,  as  already  mentioned,  the  form  of  these 
grains  is,  at  all  events  in  some  instances,  due  to  the  glauconite 
having  been  deposited  in  the  interior  of  Foraminiferal  tests  &c. 

Among  the  metamorphosed  rocks,  garnets  frequently  occur  in 
rounded  forms  which  evince  no  external  trace  of  crystallization. 
l^e  minerals  chondrodite  and  pargasite  also  occur  in  roundish 
grains  in  granular  limestones. 

Whether  a  connexion  exists  between  any  of  these  rounded  forms 
(excluding,  of  course,  those  rounded  by  attrition)  and  the  curvature 
of  the  faces  of  certain  crystals,  is  a  problem  which  may  possibly 
deserve  attention. 


In  the  Cubic  ^siem  we  have 

examples  of 

Ourraturein 

Bounding  in 

Diamond. 

Oamet. 
Leudte. 

In  the  Bkambic  system. 

Ourrature  (?)  in 

Bounding  in 

OUYine. 

OUvine. 
Chondrodite. 

Lt  tie  Hexagonal  system. 

Curvature  in 

Bounding  in 

Dolomite, 

Quart*. 

Chalybite, 

Corundum. 

/» the  Monoclinic  system^ 

Currsture  in 

Bounding  in 

Selenite. 

Augite, 

Orthodoae. 

AV«.  In  this  table  the  word  ourrature  is  uaed  to  signify  the  curvature  of 
definitely  deyeloped  faoea  of  crystals,  accompanied,  of  course,  by  ourrature  of 
the  edges  formed  py  the  junction  of  such  faces ;  while  the  word  rounding  denotes 
abrasion  of  the  surfaces  of  a  crystal,  which  tends  to  obliterate  edges  and  angles 
and  to  reduce  the  crystal  to  a  spherical  or  spheroidal  form. 
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These  are  only  a  few  examples,  and  a  oomparison  of  them  does 
not  certainly  seem  to  promise  any  useful  results. 

The  oocurrenoe  of  fragments  of  crystaU  with  sharp  angles  may 
be  due  either  to  the  h'aoture  and  comparatively  slight  displacement 
of  crystals  developed  in  a  rock,  such  as  the  fractured  and  faulted 
crystals  sometimes  met  with  in  eruptive  rocks  of  various  kinds, 
especially  in  lavas ;  or  to  the  fracture  and  wide  dispersion  of  the 
resulting  fragments  of  crystals,  such  as  one  meets  widi  in  volcanic 
ejectamenta  and  in  sedimentary  rocks.  The  one  case  differa  from 
the  other  only  in  the  fact  that,  in  the  case  of  imbedded  crystals,  the 
dispersion  of  the  fragments  could  not  take  place  to  any  great  extent ; 
while  in  the  other  instance  the  crystals  have  been  entirely  or  par- 
tially isolated  prior  to  fracture,  and  the  fragments  were  consequently 
free  and  capable  of  performing  long  journeys.  Such  fragment 
would  naturally  lose  more  of  their  angularity  in  proportion  to  the 
distance  over  which  they  travelled,  unless  transported  under  condi- 
tions in  which  attrition  was  impossible. 

That  microcrystalline  felsitic  matter  and*cryptocrystalline  felsitic 
matter,  or  ordinary  felstones,  felspathic  sandstones  and  grits,  arkose, 
granulite,  and  devitrified  hyaline  rhyolites,  are  closely  allied  is  a 
point  which  I  shall  now  endeavour  to  demonstrate. 

The  terms  microcrystalline  and  cryptocrystalline,  as  used  by  Prof. 
Eosenbusch,  are  here  purposely  employed  to  designate  the  condi- 
tions of  felsitic  matter  known  as  felstone,  because  they  have,  or  are 
assumed  to  have,  a  more  or  less  definite  mineral  constitution,  as 
implied  by  the  term  ortho-felsite  of  Dr.  Sterry  Himt,  consisting  of 
crystalline  grains  of  felspar  (typically  orthodase)  and  quartz.  Theso 
grains  do  not  always  show  definite  boundaries,  but  often  appear 
under  the  microscope,  in  polarized  light,  to  shade  off  (me  into 
another,  representing  what  Zirkel  describes  as  "  unindividualized 
granules." 

When  the  grains  are  individualized  it  then  becomes  a  matter  of 
considerable  difficulty  to  distinguish  between  such  felstones  and 
certain  granitoid  rocks  such  as  haplite  and  perhaps  granulite,  and 
also  between  such  felstones  and  certain  sedimentary  rocks  in  which 
littio  or  no  perceptible  cementing  matter  occurs,  as  in  some  examples 
of  felspathic  grit,  sandstone,  and  arkose  ;  and  I  believe  that  to  this 
similarity  is  due  much  of  the  confusion  in  the  statements  concerning 
the  origin  of  some  of  our  bedded  felstones,  some  observers  main- 
taining that  they  are  contemporaneous  sediments  in  which  crys- 
tallization from  aqueous  solution  has  supervened,  while  others 
contend  that  they  are  true  eruptive  rocks  which  have  crystallized 
on  cooling.  Be  their  origin,  however,  what  it  may,  the  point  which 
I  now  wish  to  establish  is  their  community  in  mineral  constitution 
and  their  approximate  or,  possibly,  in  some  cases  absolute  community 
of  structure. 

Felsitic  matter,  however,  as  Zirkel  observes,  must  not  always  be 
confounded  with  the  idea  of  felstone.  Felsitic  matter  is  a  very 
comprehensive  term,  and,  in  spite  of  all  that  has  been  written  about 
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(1)  Yolcanio  ejectamenta  (ashes,  dost,  sand,  and  lapilli)  consist 
of  fragments  of  minerals  and  fragments  of  rocks.  These  fragments 
are  sometimes  angular,  at  other  times  they  exhibit  rounded  con- 
tours. Besides  these  fragments  they  often  consist  to  a  greater  or 
less  extent  of  entire  crystals,  which  may  also  hare  their  angles  and 
edges  either  perfectly  sharp  or  else  rounded.  In  all  cases  the 
rounding  is  due  either  to  attrition  or  fusion,  or  to  both  of  these 
causes. 

(2)  Sedimentary  rocks  (especially  grits,  sandstones,  and  tuffs) 
consist  of  fragments  of  minerals,  and  sometimes  fragments  of  rocks. 
These  fragments  may  be  either  angular  or  rounded.  Sedimentary 
rocks  also  frequently  contain  entire  crystals,  which  may  also  hare 
their  angles  and  edges  either  perfectly  sharp  or  else  rounded.  In 
all  cases  the  rounding  is  due  to  attrition,  except  in  crystals  whoso 
development  has  been  aborted,  or  unless  actually  fused  volcanic 
ejectamenta  have  become  incorporated  with  the  sediments.  It  is 
possible  that  in  some  cases  sandstones  may  result  from  actual 
crystallization  from  solution ;  and  the  formation  of  flint  may  be 
regarded  as  due  to  a  similar  origin.  A  felspathic  grit  formed  under 
such  conditions  may  not  be  distinguishable  from  a  felstone  either 
structurally  or  mineralogically.  IVom  these  considerations  we  may 
assume  that,  structurally  and  mineralogically,  as  flint  is  to  sandstone 
so  is  felstone  to  felspathic  sandstone ;  and  since  flint  appears  to  bo  an 
intimate  admixture  of  crystalline  and  amorphous  matter,  the  polari« 
zation-picture  of  flint  closely  resembles  that  of  some  forms  of 
petrosilex  or  felstone. 

(3)  The  minerals  which  constitute  volcanic  ejectamenta  are  the 
same  as  those  which  enter  into  the  constitution  of  lavas  or  other 
eruptive  rocks,  the  former  being  usually  derived  either  in  great  part 
or  entirely  from  the  latter. 

These  minerals  are  principally  felspars,  augite,  hornblende,  olivine, 
micas,  and  quartz. 

(4)  The  minerals  which  constitute  sedimentary  rocks  are  chiefly 
quartz,  felspars,  micas  (in  rocks  of  the  grit,  sandstone  and  tuff  types), 
days  partly  resulting  from  decomposition  of  felspars,  serpentinous 
matter,  chlorite,  &c.  resulting  from  the  decomposition  of  augite,  stea- 
tite, talc,  hornblende,  olivine,  &o. 

(5)  The  minerals  occurring  in  the  two  classes  of  rocks  may  there- 
fore be  classed  as  follows : — 

Volcanic  ejectamenta  and  Sedimentary  rooki^ 

other  eruptire  rocks.  Grits,  Sandstones,  Tuffs,  &c. 

Felspars.  Felspars  and  decomposition-products  from  felspars, 

Augite.  Deoomposition-proauots  from  augite. 

Hornblende.  „  „  „     hornblende. 

Olivine.  „  „  „     olirine. 

Micas.  Micas. 

Quarts.  Quartz. 

Clajs,  sbaleA,  and  tdates  may  consist  of  materials 
deriTea  from  the  decomposition  of  felspars,  usually 
with  admixture  of  more  or  le^s  quartz,  and  some- 
times mica  or  talc,  &c. 
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irbonato  of  lime  may  occur  in  either  oraptive  or  sedimentary 
i — ^in  the  former  as  cements  or  other  infiltrations  ;  in  the  latter 
cither  constituting  entire  rock  masses  or  forming  cements,  &c. 
rom  this  tabulation  we  see  that  felspars  and  quartz  are  the 
sipal  minerals  common  both  to  pyrodastic  and  clastic  rocks, 
e  it  is  quite  possible  for  any  of  the  other  minerals,  or  alteration- 
ucts  from  them,  to  be  also  common  to  the  rocks  of  both  classes. 
»)  The  nature  of  the  changes  which  the  foregoing  minerals  suffer 
L  the  action  of  heat  are  somewhat  variable, 
lie  felspars  may  become  fused  superficially,  or  reduced  to  a  com- 
)  state  of  fusion  throughout.  Microscopic  examination  of  pcr- 
y  fused  felspar  shows  it  to  be  a  thoroughly  amorphous  substance, 
Bssing  the  optical  character  of  homogeneous  glass. 
EUiuna)  of  glass  are  common  in  many  of  the  minerals  constituting 
mic  ejectamenta,  and  it  is  not  uncommon  to  find  fused  surfaces 
iiese  crystals.  Moreover  the  minerals  in  manj-  lavas  also  contain 
)  lacunte,  so  that  frequently  no  distinction  can  be  made  between 
minerals  occurring  in  lavas  and  those  met  with  in  volcanic  ejeo- 
3nta«  This  is  not  to  be  wondered  at,  since  ashes,  lapilli,  &c.  are 
ved  at  times  ^om  the  disintegration  of  lava,  or  possibly  more 
1  from  the  bursting-up  by  volcanic  explosions  of  viscid  magmas 
lar  to  those  from  which  the  lavas  are  derived. 
^)  An  examination  of  recent  lavas,  erupted  both  beneath  the  sea 
on  land-surfaces,  shows  that  no  appreciable  difference  exists 
reen  them. 

I)  Both  lavas,  intrusive  sheets  of  molten  rock,  and  volcanic 
bamenta  may  occur  interbedded  with  ordinary  sedimentary 
A ;  and  except  from  alteration  of  the  adjacent  sediments  at  the 
;act  of  the  lavas  at  their  lower  surfaces,  and  at  the  upper  and 
sr  surfaces  of  the  intrusive  sheets,  there  is  no  evidence  to  be  pro- 
d  in  the  field  to  show  whether  a  certain  bed  represents  a  volcanic 
a  tuff,  or  an  ordinary  detrital  sediment  such  as  a  felspathio  grit, 
he  intercalation  of  clastic  rocks  with  lava-flows  lends  considerable 
^ability  to  the  assumption  that  such  rocks  may  be  of  pyroclastic 
in ;  but  it  does  not  afford  conclusive  evidence,  since  we  occa- 
ally  meet  with  ordinary  sedimentary  deposits  occupying  similar 
tions. 

))  In  view  of  the  foregoing  considerations,  I  think  we  may 
ime  that : — Neither  the  angularity  of  fragments  and  crystals,  the 
iding  of  fragments  and  crystals,  the  mineralogioal  or  lithological 
:ticter  of  fragments  and  crystals  (except  perhaps  the  fusion  of 
aces  of  crystals,  their  envelopment  in  glass,  or  the  presence  of 
irately  fused  fragments  of  glass),  the  inclusions  in  crystals,  the 
«nce  or  absence  of  cementing  matter,  the  petrological  associations, 
the  mode  of  occurrence  afford  any  certain  clue  to  the  origin  of 
^entary  rocks,  and  that  assertions  hitherto  made  regarding 
r  pyroclastic  origin  are  incapable  of  demonstration,  except  in 

nnp^fl  \irhf>ri)  it  is  knnxvn  thnt.  no  RnhniArffAnnn  nf  Innrl  hnn  fnlrAn 
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actually  been  seen  to  falL  We  may  admit  that  in  many  cases  sncK 
assertions  are  backed  by  great  probability  and  are  very  likely  correct ; 
but,  in  the  present  state  of  knowledge,  we  should  often  accept  them 
rather  as  theories  than  as  facts. 

The  writings  of  Zirkel,  Vogelsang,  Yon  Lasaulx,  Rosenbusch,  and 
Penck  have  to  some  extent  helped  us  to  a  right  understanding  oi 
the  relative  points  of  rcsembluice  and  difiPerence  between  volcanic 
ejectamenta  and  other  rocks  which  may  assimilate  to  them  either 
in  mineral  constitution  or  in  structure  ;  but  apparently  there  a  much 
more  to  be  learned  before  we  can  safely  speculate  on  the  pyrodastic 
origin  of  many  of  our  older  rocks. 

Having  now  considered  some  of  the  elements  of  doubt  which 
frequently  perplex  us,  let  us  look  for  a  few  of  the  phenomena  which 
may  serve  to  ^spel  this  uncertainty,  first  with  regard  to  clastic  and 
pyrodastic  rocks,  and  next  in  the  case  of  grit«,  felstones,  and  once- 
vitreous  lavas. 

(i)  A  pyrodastic  rock  may  sometimes  be  distinguished  from  an 
ordinary  dastic  rock  by  the  presence  of  crystals  which  are  more 
especially  characteristic  of  lavas  and  which,  as  a  rule,  would  become 
decomposed  prior  to  the  atmospheric  disintegration  of  the  lavas  which 
contain  them.  This,  however,  is  not  always  a  trustworthy  character, 
since  it  is  often  difficult  to  distinguish  between  tuffs  and  consolidated 
ashes.  A  safer  means  of  discriminating  between  pyrodastic  rocks 
and  ordinary  dastic  rocks  lies  in  the  occurrence  in  the  former  of 
crystals  with  fused  sxufacee  or  with  vitreous  envdopes,  and  of  isolated 
shreds  of  vitreous  matter.  These  are  the  best  evidence ;  while  in 
the  next  place  a  paucity  or  absence  of  quartz  may  also  be  regarded  as 
in  fjEtvour  of  pyrodastic  origin  so  long  as  the  quartz  does  not  appear 
to  have  been  derived  from  its  dissodation  from  silicates,  in  which 
latter  case  felsitio  matter  would  probably  be  the  result. 

In  many  cases  it  appears  quite  impossible  to  distinguish  a  consoli- 
dated ash  from  a  volcanic  tuff.  Indeed  atmospheric  degradation  and 
volcanic  eruption  going  on  s^oichronously,  it  is  quite  possible  to 
find  rocks  of  a  mixed  character — rocks,  in  fact,  which  are  partly 
tufaceous  and  partly  ashy ;  and  these,  again,  are  sometimes  mixed 
with  ordinary  sediments. 

(ii)  A  felspathic  grit  may  be  distinguished  from  a  felstone  dyke 
by  its  mode  of  occurrence,  and  from  an  interbedded  felstone  by  the 
occasional  fragmentary  character  of  the  felspar  crystals  &c.  and 
by  the  presence  of  a  cement,  which  often  is  of  a  friable  nature, 
rendering  the  fracture  or  disintegration  of  the  rock  an  easy  matter. 

(iii)  The  characters  which  may  serve  to  distinguish  a  devitrified 
or  fdsitized  pitchstone,  obsidian,  perlite,  or  rhyolite  from  a  felstone 
are : — Fluxion  structure,  especially  when  indicated  by  bands  or  the 
remains  of  bands  of  unaltered  glass,  or  when  indicated  by  devitrified 
bands  which  differ  from  the  surrounding  matter  in  microcrystalline 
or  cryptocrystalline  development  or  texture,  or,  again,  as  indicated 
by  streams  of  microlites  following  definite  directions. 

The  presence  of  perlitic  structure. 

The  presence  of  spherules  lying  in  bands. 


Digitized  by 


Google 


IK  BOCXS  Of  DtBSnCltAft  OBl^tH. 


339 


ilio  oocorrenoe  of  bands  formed  by  tbe  coalescence  of  spbemles. 

\!he  presence  of  glassy  matter  in  strings  or  bands  is,  however, 

I  of  t^e  safest  tests. 

rhe  rounded  contours  of  porphyritically  imbedded  crystals  also 

re  to  distinguish  a  once-Titreous  lava  from  a  felstone. 

rhere  is  a  close  relation  in  chemical  composition  between  hyaline 

olites,  felsites,  &c. 

[*he  deTitrification  of  hyaline  rhyolites  may  also  result  in  halle- 

U  or  felsite  without  any  marked  change  in  the  chemical  composi- 

1  of  the  rock ;  and  this  indicates  that  devitrification  is  rather  to 

regarded  as  a  physical  change. 

Deductions, 

[n  this  paper  I  have  endeavoured  to  show: — (1)  That  many 
ks  to  which  different  names  have  been  applied  are  identical,  some- 
les  in  mineral  constitution,  sometimes  in  structure,  and  that  they 
rely  differ  in  the  relative  dimensions  of  their  constituent  crystals, 
ins,  or  fragments. 

2)  That  the  rounded  forms  of  crystals  and  fragments  may  be  due 
various  causes  already  specified. 

[3)  That  vesicular  and  amygdaloidal  structure  may  be  due  to 
ions  causes  already  specified. 

[4)  That  other  spherical  or  spheroidal  structures  occurring  in 
tain  rocks  are  due  to  various  causes  already  specified. 

[5)  That  in  view  of  the  foregoing  considerations  it  may  be  well  to 
Lghly  classify  all  rocks  as  eruptive  and  clastic,  and  to  subdivide 
>m  according  to  certain  structural  peculiarities,  as  indicated  in  the 
Bsification  proposed  in  this  paper. 

[6)  That  both  angular  and  rounded  fragments  frequentiy  occur  in 
>  same  rock,  and  consequently  that  sedimentary  rocks  cannot  be 
iracterized  as  consisting  exclusively  or  especially  of  rounded 
uns. 

[7)  That  the  microscopic  characters  of  felsitic  matter  in  some  cases 
y,  in  others  may  not,  afiFord  a  clue  to  the  origin  of  certain  rocks ; 
1  that,  since,  in  many  cases,  lavas  and  volcanic  ejectamenta  are 
en  bedded,  just  like  sediments,  ho  distinction  can  be  found,  either 
observation  in  the  field,  by  pyrognostic  deportment,  or  by  micro- 
pic  examination,  between  certain  devitrified  lavas,  felstones,  and 
oaceoQS  sediments,  when  they  all  present  felsitic  characters,  and 
^ween  certain  grits,  breccias,  tuffs  and  volcanic  ashes. 


Let  us  for  a  few  minutes  consider  what  are  the  bearings  which 
sent  petrological  investigations  have  with  regard  to  past  geological 
►rk.  With  every  modem  appliance  it  is  often  difficult  or  im- 
isible  to  pronounce  more  definite  opinions  upon  the  character  or 
gin  of  certain  rocks  than  those  which  were  enunciated  years  ago. 
e  more  we  learn  about  some  rocks  the  less  are  we  disposed  to 
[ign  them  definitely  to  any  particular  origin ;  and  we  are  not  un- 
quently  compelled  to  fall  back  upon  the  vague  terms  of  our  pro- 
cessors as  harbours  of  refuge  in  which  to  shelter  until  more 
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knowledge  is  acquired,  and  we  can  again  sail  out  into  the  sei 
legitimate  speoulation.  For  this  reason  I  would  strongly  deprec 
the  abolition  of  the  terms  greenstone  and  aphanite.  To  uphold 
old  statements  with  regard  to  Tolcanic  ash  is  a  much  more  delic 
question,  since  we  can,  in  many  cases,  prove  that  these  so-called  as 
may  he  other  rocks,  although  we  are  not  alwa^-s  in  a  position 
prove  definitely  that  they  are  not  ashes.  In  sudi  instances  I  wo 
earnestly  suggest  that  the  terms  tuff  or  breccia  be  employed,  as  c 
nifying  a  elastic  rock  which  is  not  necessarily  of  pyroclastic  origi 

The  older  observers  deserve  all  honour  for  the  sldll  with  which  tl 
frequently  detected  lithological  differences ;  under  similar  circi] 
stances  few  petrologists  of  the  present  day  could  do  better ;  and  e^ 
when  the  latter  have  recourse  to  methods  of  investigation,  forme 
unknown,  they  are  often  compelled  to  admit  the  ability  with  wh 
the  old  work  was  done,  and  in  many  cases  the  surprisingly  ac 
perception  of  small  lithological  differences  which  it  evinces, 
patient  study  we  shall,  year  by  year,  get  nearer  and  nearer  the  trul 
but  in  the  present  state  of  our  knowledge  such  an  object  would 
considerably  retarded  if  previous  experiences  were  ignored  and 
ideas  and  old  terms  ruthlessly  abolished. 

It  is  not  quite  easy  to  realize  how  much  we  owe  to  the  labours 
those  who  have  gone  before  us ;  and  the  least  we  can  do  is  to  rec< 
nize  those  labours  when  the  results  prove  to  be  correct,  and  to  d< 
leniently  with  errors  into  which  any  men  might  have  fallen  xum 
similar  circumstances.  The  old  work  ought  not  to  be  set  as 
until  all  facts  have  been  carefully  sifted  out  and  preserved ;  and  it 
to  be  hoped  that  in  time  some  of  our  pioneers  will  modify  th 
opinions,  and  thus  help  their  successors  in  breaking  down  a  f 
of  the  old-established  barriers  which  for  years  past  have  obstruci 
progress,  and  in  building  up  a  stronger  and  a  better  belief,  ooi 
mended  by  a  simplicity  of  theory  and  based  upon  a  multiplicity 
facts. 


Discussion. 

The  President  confined  his  remarks  to  the  question  of  t 
rounding  of  grains  in  stratified  rocks.  His  own  experience  show 
that  while  the  larger  particles  in  sandstone  rocks  are  rounded,  th< 
of  smaller  size  are  quite  angular. 

Prof.  BoNNEY,  though  agreeing  with  the  author  as  to  the  grc 
difficulty  of  distinguishing  rocks  of  difierent  modes  of  origin,  wi 
however,  inclined  to  take  a  more  sanguine  view,  and  to  hope  th 
the  experience  gained  by  long  and  careful  study  will  enable  t 
microscopi»t  to  discriminate  between  clastic  and  pyroclastic  rod 
He  also  took  exception  to  the  views  of  the  author  concerning  t 
formation  of  amvgdaloids. 

Dr.  Hicks  remarked  on  the  suggestivencss  of  the  paper  to  the 
engaged  in  the  study  of  the  older  rocks.  He  demurred  to  t 
autlior's  views  as  to  the  deep-sea  origin  of  the  Coniston  grits. 
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The  Pbsbident  remarked  that  many  ronnded  grains  of  glauconite 
sre  not  formed  by  the  infilling  of  Foraminifer^  cavities. 
The  Attthob,  in  reply  to  the  President's  remarks,  stated  that  he 
d  not  studied  the  relation  between  the  size  of  the  grains  of  sand 
d  their  d^ree  of  rounding.     He  agreed  with  the  President  as 

his  views  on  the  subject  of  glauconite  grains.  In  reply  to 
ofessor  Bonney,  he  stated  that  some  of  the  cases  to  which  he  had 
rected  attention  were  rather  exceptional,  and  that  in  the  majority 

instances  no  such  difficulties  as  those  to  which  he  had  alluded 
Q  met  with.  He  considered  that  many  of  the  rocks  hitherto  re- 
rded  as  pyroclastio  really  consist  of  volcanic  ejectamenta,  but 
it  there  was  often  great  difficulty  in  demonstrating  this  assump- 
>n.  In  reply  to  Dr.  Hicks,  he  expressed  a  belief  that  the  fossils 
the  Coniston  series  indicate  former  deep-sea  conditions. 
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2S.  On  the  Occubbekcb  of  Braxchiptjs  (or  Chzsocephalus)  in  a 
Fossil  State,  assoeiaUd  with  Eospilsboxa  and  with  numerouM 
IirsBCT-BEM AIN8,  in  the  £oc£5e  Fbsshwatee  (BsKBBiDes)  Lnos- 

STOITB  of  GURKET  BaT,  IflLE  OP  WiGHT.      By  HsKBT  WOODWABD, 

LLJ).,  F.R.S.,  F.G.8.    (Read  December  19, 1877.) 

[Plate  XIV.] 

There  is  hardly  a  spot  in  the  British  Islands  so  well  known  to 
geologists  at  large  as  the  Isle  of  Wight. 

Exhibiting,  as  it  does,  so  many  fine  and  varied  natural  sections 
in  its  clif&,  fi-om  the  Wealden  up  to  the  Quaternary,  it  has  attracted 
the  attention  of  observers  from  the  days  of  Sir  H.  Englefield,  Bart. 
(1816),  and  since  that  date  of  Captain  L.  L.  Boscawen  Ibbetson 
(1849),  of  Dr.  Mantell,  Prof.  Prestwich,  Prof.  Edward  Forbes,  Mr. 
H.  W.  Bristow,  and  quite  recently  of  Dr.  C.  Barrois,  of  Lille,  who 
has  added  considerably  to  the  geological  literature  of  the  island* 

The  sections  and  map  of  the  Isle  of  Wight  published  by  the  Geo- 
logical Survey  of  Great  Britain,  and  accompan3ring  Mr.  Bristow'a 
vduable  memoir,  leave  apparently  little  to  be  desired ;  but  much 
has  yet  to  be  done  in  order  to  complete  our  knowledge  of  the  vast 
series  of  fossil  remains  which  are  constantly  being  discovered,  espe- 
cially the  large  collections  yielded  by  the  fluvio-marine  series. 

The  Hempstead  and  Bembridge*  beds  have  long  been  known 
and  studied  by  the  late  Prof.  E.  Forbes  and  others,  and  have  yielded 
a  rich  series  of  fossils  to  the  labours  of  Henry  Keeping,  many  of 
which  have  already  been  described  in  Frederick  Edwards's  mono- 
graph  and  elsewhere.  The  plant-beds  at  the  base  of  the  Eocene 
series  in  Alum  Bay,  already  partially  examined  by  De  la  Harpe  and 
Salter,  are  now  likely  to  be  thoroughly  worked  out  by  the  energetic 
labours  of  Mr.  J.  Starkie  Gardner,  F.G.S.,  aided  in  the  determi- 
nation of  the  plant-remains  by  Mr.  W.  Carruthers,  F.E.S.,  F.G.S., 
and  the  Baron  von  Ettingshausen,  who  have  both  promised  their 
cooperation. 

The  fossils  of  the  Eocene  marine  series  have  been  studied  by 
many  able  geologists — Lyell,  Forbes,  Edwards,  Owen,  Bowerbank, 
Mantell,  and  others. 

But  between  the  Bagshot  beds  (Middle  Eocene)  and  the  Hemp- 
stead and  Bembridge  beds  (Upper  Eocene)  one  meets  with  the 
Headon  and  the  Osborne  or  St.  Helen's  beds,  forming  the  lower  part 
of  the  fluvio-marine  series  of  the  Isle  of  Wight. 

This  series  consists  of  an  a^:regation  of  beds  of  freshwater, 
estuarine,  and  marine  origin,  the  Headon  beds  being  computed  by 
Mr.  Bristow  at  from  133  to  175  feet  in  thickness  at  Headon  Hill 
and  Whitecliff  Bay,  whilst  the  Osborne  series  attains  a  total  thickness 
of  79  feet. 

Chara  Lyellii^  C   medicaginvla^   C.   Wrightiiy  and  CarpoHthei 
ovtdum  and  0.  ihalictroides  are  the  only  plants  recorded. 
*  Lyell's  earliest  papers  related  to  these  beds. 


Digitized  by 


Google 


V&OX  GXTBITEI  BAT,  IBLB  OF  WIGHT.  343 

)f  Cmstaoea  there  have  been  found : — Candona  Forhesiij  Cythe- 
eis  unisulcata  and  C.  Colwdlensis^  Cytheridea  debilis^  Miilleri,  and 
forcUa,  Cythereis  comuta,  Cytherella  Munsteri,  Cythere  plicaUXy 
angtdaiopora^  and  C.  Wetherelli ;  also  two  Cirripedes,  Balanus  un- 
formis  and  PoUicipes  reJUxus, 

rhese,  with  about  42  genera  of  MoUusca  (many  of  which  are 
larine  and  freshwater,  and  some  land  species),  make  up  the 
>wn  fauna  of  these  beds  at  the  time  of  the  Geological  Survey 
moir. 

Do  Mr.  E.  J.  A'Court  Smith  is  due  the  credit  of  the  discovery  of 
lin  but  very  richly  fossiliferous  band  in  this  series  of  deposite  at 
Drness  and  Gurnet  Bays,  near  Cowes,  which  has  largely  increased 
interest  of  these  beds,  especially  by  a  very  important  addition 
the  known  terrestrial  forms  of  life  belonging  to  the  Eocene 
iod. 
Dhe  section  is  as  follows : — 

Oeneral  Section  at  Thorruss  and  Gurnet  Bays, 

Thickness. 

Surface  soiL  ft.  in. 

I.  Grey  Clays  with  occasional  bones  of  Emys  or  Trionyx 10  0 

IL  Lighter  (r«//otp)Cla3r8  with  broken  shells 2  0 

III.  Lmnaa  limestone  with  Planorbis  and  bones  of  Emys,  also 

hard  cancretioTiB  (Hard  limestone  bed)   3  0 

rV.  Variegated  fossiliferous  Clays 8  0 

y.  Upper  Limestone  beds  with  Limnaa  and  small  oblong 

Oyster  (Os^rea  sp  ?)  3  0 

VL  Band  of  loose  shells  with  Ostrea  and  Sharks'  teeth 0  6 

VII.  Blue  Clays  with  Q^CTia   3  0 

Vm.  Fossil  Plant  and  Insect-bed 1  0 

Base  of  cliflf.  

30  6 

^*  The  Limestone  at  Hempstead  Ledge  "  (6  miles  S.W.  of  Gurnet 
y),  writes  Mr.  Bristow  *,  "  consists  of  three  beds  with  other 
ter  beds  between,  and  contains  numerous  Z4mn<va  Imiyiscata,  Pla- 
rhisy  Chara,  &c.  There,  as  well  as  in  Gurnet  Bay  and  at  "West  Cowes, 
appears  to  be  about  16  or  16  ft.  thick.  It  presents  very  uniform 
iracters  in  all  these  localities,  where  it  is  highly  fossiliferous,  and 
irked  by  the  presence  of  occasional  Planorbis^  and  Paludina  orhieun 
-15,  together  with  (as  usual)  numerous  Oyroganites  and  casts  of 
mncea  longiscata.  At  the  point  between  Gurnet  and  Thomey  Bays  it 
etches  out  at  sea  towards  Hempstead  Ledge,  in  a  direction  30°  S.  of 
.,  with  a  dip  35°  S.  of  E.  On  either  side  of  Gurnet  Bay  it  forms 
onspicuous  curve,  and  determines  the  form  of  the  slope  on  which 
wes  is  built,  although  on  the  surface  it  is  not  seen,  being  concealed 
the  superincumbent  marls  and,  eventually,  by  the  gravel.  On 
3  quay,  at  West  Cowes,  it  serves  for  the  foundations  of  some  houses 
lit  on  the  northern  part  of  the  Parade,  opposite  to  which  it  forms 
ledge  dipping  10°  S.  of  £.  and  skirting  the  shore  as  far  as 
ypt." 

^  "Memoir  on  the  Geology  of  the  Isle  of  Wight,"  by  H.  W.  Bristow. 
>UL  GeoL  JSurvey  Gt.  Britain,  1862,  8to,  p.  77. 
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There  can  be  little  doabt  that  the  beds  exposed  in  the  diff-sectioz 
at  Gurnet  and  Thorness  Bays  belong  to  the  Bembridge  series,  an 
that  the  hard  band,  from  which  the  insect-remains  and  Crustace 
have  been  obtained,  belongs  to  the  lowest  part  of  that  series. 

The  beds  dip  to  the  S.W.,  so  that  in  about  half  a  mile  the  lowe 
bed  of  limestone  is  just  on  the  line  of  high  water ;  and  about  20 
yards  further  west  it  forms  a  reef  known  as  *'  Stnckler's  Ledge, 
which  is  the  eastern  point  of  Thomess  Bay. 

Within  Thomess  Bay  the  beds  dip  more  rapidly  to  the  south,  till  c 
400  yards  distance  from  the  ledge  the  shale  with  fossils  dips  dow 
to  the  beach  and  forms  a  small  reef. 

As  no  fossils,  save  those  already  recorded,  had  been  noticed  b 
Messrs.  Porbes  and  Bristow,  great  was  my  delight  to  find  in  Mj 
A'Court-Smith's  collection,  the  result  of  20  years'  patient  collectin 
in  his  leisure  hours,  abundant  remains  of  insects  evidencing  th 
presence  of  more  than  twenty  genera,  representing  Coleopten 
Hymenoptera,  Lepidoptera,  Diptera,  Neuroptera,  Ortiioptera,  an 
Hemiptera,  and  one  representatiye  of  the  Arachnida. 

Mr.  A'Court-Smith  accounts  for  the  abundance  of  remains  c 
insects  in  particular  blocks  by  the  theory  that  they  were  (aftc 
being  drowned)  left  by  eddies  in  pockets,  much  in  the  same  way  f 
we  find  organic  remains  in  streams,  lakes,  and  along  the  coast  f 
the  present  day. 

Per  the  determination  of  the  insect-remains,  so  far,  I  am  indebte 
to  my  experienced  friend  and  colleague,  the  late  Frederick  Smit] 
Esq.,  Assistant-Keeper  of  the  Zoologic^  Department,  Britis 
Museum.  Possibly  some  more  adventurous  palseo-entomologist  ma 
make  a  more  rigorous  study  of  them,  and  give  to  some  at  least  of  tl 
more  perfect  remains  generic  and  specific  determinations. 

List  of  Insect-remains  from  Chimet  Bay,  near  Coioes,  Isle  of  Wigh 
determined  by  the  late  Frederick  Smith,  Esq,,  Assistant-Ke^pe 
Zoological  Department,  British  Museum, 

Number  of  Number  < 

specimens.  speoimeD 

1.    COLEOPTERA.  V.  NeUROPTBBA. 

1.  Staphylinus 1  \2,  Phryganea   8 

2.  Dorcus  (Lucanida) 1  13.  Termee?  1 

3.  Anobium 1  14.  Hemerobiiw. .*...* .*.'.*.'...*...  1 

4.  Cupculio  7  15.  Perla    2 

II.  Hymexoptera.  }S-  d?"^°  •;•;•::•  Vi**; o 

^    ^.          .  ^  17.  Wings  of  Libellula 9 

5.  Wings  of 2                             ^ 

6.  Formica  19                            VL  Orthoptera. 

7.  Myrmica 7  18.  GrvUotalpa 1 

8.  Camponotus    7  19.  Acndiida 2 

III.  Lepidoptera.  yn.  Hbuiptsra. 

9.  Lithosia   2  20.  Wing  of? 1 

IV.  Diptera.  ^^'  Triecphorasanguinolcntal 

10.  Wings  of 43  Arachkida. 

11.  Tipulidw 6  1  Spider 1 
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ix,  A'Conrtr-Smith  has  likewise  been  fortanate  in  discovering  nn- 
rons  fragmentary  remains  of  plants,  such  as  leaves  of  palm 
aheUaria),  seeds  of  water-lily  (Nelumbium),  leaves  of  rushes  and 
er  aquatic  plants.  With  these  plant-remains  and  insects  were 
)  found  two  forms  of  Crustacea  belonging  to  the  Edriophthalmia 
I  the  section  Isopoda,  also  abundant  remains  of  a  minute  Phyl- 
od  Crustacean  allied  to  Branchipus  or  Artemia, 
^ivalved  Entomostraca,  as  already  stated,  had  been  noticed  and 
cribed  by  Prof.  T.  Eupert  Jones  from  these  beds  to  the  number 
some  14  species  and  six  genera  {Candona,  Cyihere^  Cythereis^ 
thereUa^  Cytheridea,  Cytherideis) ;  but  these,  it  must  be  borne  in 
id,  are  represented  by  their  calcareous  bivalved  carapaces,  not  by 

remains  of  appendages,  no  limbs  (save  in  a  single  instance*) 
ring  been  met  with. 

Bven  the  Isopoda  have  a  tolerably  firm  though  thin  crust ;  and 
I  paper-like  valves  of  Estheria  have  sufficient  chitine  in  them  to 
e  them  consistence,  and  enable  them,  like  the  elytra  of  insects, 
be  preserved  in  a  fossil  state.  But  that  a  Crustacean  like  Bran- 
pi»,  destitute  of  sheUy  covering,  having  a  long  slender  diaphan- 
s  many-segmented  body  and  13  pairs  of  laminar  branchial  feet, 
>uld  undergo  the  process  of  fossilization,  and  leave  any  trace  behind, 
bruly  remarkable. 

The  preservation  of  these  delicate  little  Phyllopods  is,  no  doubt,  due 
the  admirable  nature  of  the  fine  argillaceo-calcareous  mud-rock  in 
dch  they  have  been  entombed  in  such  numbers,  the  iron  having 
lected  around  them  and  stained  the  outline  of  the  delicate. gill-feet 
d  appendages  upon  the  stone,  as  if  painted  by  some  photographic 
Ksess. 

In  the  first  Heft  of  his  *  Fauna  Sarsepontana  Fossilis,'  1873  (Die 
ssilen  Thiere  aus  der  Steinkohlenformation  von  Saarbriicken),  Dr. 
iedrich  Goldenberg  has  described  and  figured,  on  Taf.  1.  fig.  15  (16), 
I  somewhat  doubtful-looking  segments  which  he  attributes  to 
'anchipu8^  and  names  Branchipusites  anthracintu.  Without  a 
reful  examination  it  would  be  imprudent  to  pronounce  a  judgment 
on  this  specimen ;  I  annex  a  translation  of  Dr.  F.  Goldenberg's 
marks  upon  it. 

''Of  this  animal,"  he  says, ''  eight  segments  are  to  be  seen  in  the  side 
3W ;  but  of  these,  the  first  and  last  are  very  imperfect.  The  middle 
^ents  are  also  very  imperfectly  preserved,  so  that  one  can  only  find 
lications  of  their  segmentation.  The  lateral  appendages  (side- 
sees),  of  which  six  are  present  pretty  perfect,  in  their  natural  con- 
ixion,  have  much  resemblance  to  the  lamellar  branchial  feet  of  a 
"anchipus.  Their  anterior  margin  is  somewhat  incurved ;  the  hinder 
Eurgin,  which  is  parallel  to  the  anterior,  bends  at  about  two  thirds 

its  course  at  an  obtuse  angle  towards  the  apex  of  the  anterior 
Eurgin.  In  the  middle  of  this  oblique  inferior  margin  oval  thicken- 
gs  make  their  appearance,  which  I  regard  as  remains  of  vesicular 
anchiffi,  which  were  seated  here  at  the  l}ase  of  the  lobe,  unjointed 
rimming-  (or  fin-)  feet.  The  substance  of  these  swimming-feet 
*  Paiaoeypria  Edwardni^  from  the  Coal-measureB,  Saint-Etienne,  France, 
loovered  by  M.  Oh.  Brongnii^rt  (see  Ann,  des  Soi.  Gtelog.  1876,  art.  no.  3,  pL  7). 
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seems  to  hare  been  yery  thinly  membranous  and  of  a  blackisl] 
brown  colour." 

I  know  of  no  other  recorded  example  in  a  fossil  state. 

It  is  interesting  to  mention  that  both  the  males  with  large  olaspin 
antennae,  and  the  females  with  small  antennas  and  egg-pouches  wit 
large  and  very  distinct  disk-like  bodies  (the  compressed  eggs),  ca 
be  made  out  upon  the  slabs. 

I  propose  to  name  this  interesting  fossil  Phyllopod  BranehijH 
dita  vectensii  (PL  XIY.  figs.  6-9). 

Dimensions : — Length  of  fossil  6  millims.,  breadth  2  millims. 

The  two  forms  of  Isopods  discovered  by  Mr.  A'Court-Smith  diffc 
considerably  both  in  form  and  relative  size ;  and  as  they  are,  mon 
over,  derived  from  different  horizons  in  the  Bembridge  beds,  I  fe< 
justified  in  treating  them  as  distinct  species. 

The  smaller  species  (PL  XIV.  fig.  1)  was  found  in  one  of  th 
hard  blocks  met  with  upon  the  beach  which  have  yielded  ^ 
fossil  Branehipus  and  the  insect-remains ;  whilst  the  larger  specie 
(PL  XIY.  fig.  2)  was  obtained  from  a  yellow  marly  bed  charge 
with  the  roots  of  aquatic  plants,  which  occurs  somewhat  highc 
up  in  the  series. 

The  former  of  these  (fig.  1)  occupies  the  surface  of  a  smal 
grey,  and  very  compact  slab,  in  which  about  twenty-five  specimen 
may  be  counted  in  the  space  of  a  few  inches. 

The  largest  individuals  measure  8^  millims.  in  length  by  4^  o 
5  millims.  in  breadth,  the  smallest  being  7  millims.  long  b 
3j|  millims.  broad. 

The  head  is  small,  measuring  only  half  the  breadth  of  th 
thorax  (pereion)  ;  the  eyes  are  reniform,  marginal,  and  prominent. 

The  thorax  (pereion)  is  composed  of  seven  somites ;  the  first  c 
these  is  greatly  produced  laterally  and  deeply  emarginated  ante 
riorly,  for  the  insertion  of  the  head,  as  is  the  case  in  several  livin 
species  of  SphaeromidsB  and  OniscidsB.  The  six  succeeding  somite 
are  well  developed,  their  tergal  portion  nearly  straight  and  th 
epimera  somewhat  strongly  recurved. 

The  abdomen  (pleon)  is  composed  of  a  single  caudal  shield,  nearl 
circular  in  outline,  and  forming  one  third  of  the  length  of  the  entii 
animal.  Two  lamellar  caudal  appendages  or  uropoda,  which  ai 
articulated  to  the  anterior  margin  of  the  caudal  shield,  are  seen,  one  o 
either  side.  These,  with  a  trace  of  antennss,  are  the  only  appendage 
observed  in  the  fossil. 

There  can  be  little  doubt  of  the  propriety  of  referring  thi 
species  to  a  position  near  to,  if  not  actually  in,  the  family  of  th 
SphsaromidflB ;  and  it  is  satisfEictory  to  find  that  a  closely  allied  foss 
form,  also  from  the  Eocene,  has  already  been  so  referred  by  Pro 
H.  Milne-Edwards. 

I  propose  to  place  all  these  Tertiary  forms  of  Isopoda  Normali 
in  a  distinct  genus,  under  the  name  of  Eosphceramaj  to  which 
shall  refer  again  subsequently.     I  designate   this  small  specie 
EospJiofroma  fluviatile. 

The  second  and  larger  species  (PL  XIY.  fig.  2)  occurs  on  the  sui 
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e  of  a  fine  jellow  marl  of  pipe-clay,  Ml  of  the  rootlets  of  aquatio 

nts,  and  is  represented  by  a  group  of  ten  individuals. 

rhe  specimen  measures  16|  millims.  in  length  and  10^  millims. 

breadth.     In  outline  this  species  is  much  more  oval  than  fig.  1. 

Q  head  is  less  deep,  but  broader,  and  the  eyes  less  conspicuous  and 

ced  more  in  front.     The  head  is  4  millims.  broad  and  2  millims. 

sp. 

Che  segments  of  the  thorax  (pereion),  seven  in  number,  are  con- 

erably  arched,  the  three  median  segments  being  not  only  broader 

t  deeper  than  the  rest.     As  in  ^g,  1,  the  anterior  thoracic  somite 

ieveloped  laterally,  so  as  to  enclose  the  sides  of  the  head.     The 

gth  of  the  thorax  is  8  millims.,  breadth  10  millims. 

Fhe  caudal  shield  (pleon)  is  large  and  nearly  semicircular,  being 

oillims.  long  by  8  millims.  broad. 

Fwo  lamelliform  appendages  (uropoda),  articulated  to  and  arising 

m  the  sides  of  the  abdomen,  closely  encircle  the  caudal  shield. 

small  ramus  is  given  oif  from  the  second  (third  ?)  articulation  of 

)  uropodite,  as  in  recent  Sphseromidee.     Traces  of  antennsB  can 

0  be  detected  on  the  slab,  but  no  other  appendages  are  preserved. 
[  have  designated  this  form  EosphcBroma  Smithiiy  after  its  dia- 
rerer,  Mr.  E.  J.  A'Court-Smith. 

It  must  not  be  supposed  that  these  remains  occur  throughout  the 

1  described.  The  bed  itself  is  at  most  12  inches  thick,  but  more 
en  only  2  inches.  Thousands  of  blocks  of  this  fine  hard-grained 
lestone  have  been  broken  up,  in  the  course  of  the  last  twenty  years, 
Mr.  A'Court- Smith  to  obtain  specimens. 

I  subjoin  a  short  description  of  the  French  Eocene  form  described 
Prof.  H.  Milne-Edwards*,  which  I  propose  to  refer  to  the  same 
lus  with  those  from  the  Isle  of  Wight  (see  PI.  XIV.  fig.  3) : — 
"  This  Isopod  was  found  in  the  neighbourhood  of  Paris,  in  digging 
i  fortifications  at  the  hill  of  Chaumont ;  it  was  met  with  in  a  bed 
marl,  immediately  below  the  green  marl  containing  Cyihei'ef,  It 
so  abundant  that  sometimes  in  the  space  of  a  square  foot  one  can 
mt  the  impressions  of  more  than  a  hundred  individuals. 
"  The  form  of  these  little  Crustaceans  is  pretty  regularly  oval ; 
i  largest  individuals  measure  only  about  12  centims.  [«ic]:t  lo^g 
7  or  8  broad. 

"  The  body  appears  to  have  been  depressed,  as  in  Ancinus^  for  the 
pressions  left  do  not  exceed  half  a  centimetre  [sic"]  \_read  "  milli- 
jtre"]  in  thickness,  and  present  no  appearance  of  deformation. 
"  The  head  is  of  medium  size,  and  gives  insertion  to  the  antennee 
a  slight  frontal  flattening ;  the  eyes  are  small  and  placed 
;erally. 
"  The  thorax  (pereion)  is  composed  of  seven  rings,  and  presents 

>  See  *  Annales  det  Sciences  Naturelles/  2<  s^rie,  1843,  tome  zx.  Zoologie, 

Y  [Lower  Tertiary.] 

(  [For  "  oentimetree  "  read  *'  millimetres."  This  is  eridently  an  uncorrected 
inter's  error,  as  the  specimens,  with  Prof.  Mihie-Edwards's  label,  are  now 
fore  me,  and  do  not  exceed  about  12  millims.] 


Digitized  by 


Google 


348  H.  WOODWABB  OK  EOGENB  CSUSTlCSi. 

on  each  side  a  border  formed  by  the  epimeral  pieces,  which  overlap 
one  another  and  are  of  a  qnadnlateral  form. 

'*  The  abdomen  is  composed  of  two  segments,  the  first  of  which 
resembles  the  thoracic*  rings  and  presents  traces  of  a  transverse 
snture ;  the  second  is  scutiform  and  semioval.  Lastly,  on  each  side 
of  this  terminal  plate,  one  detects  lamellar  snbfalcaform  natatory 
appendages,  placed  as  in  Sphceroma. 

''  From  these  pecnliarities  of  stmctnre,  I  am  induced  to  believe 
that  this  fossil  ought  to  be  placed  in  the  family  of  Spheromidae ;  but 
it  does  not  sufficiently  closely  resemble  any  of  the  existing  species 
in  this  group,  and  in  the  Museum  I  have  classed  it  between  SphoBroma 
and  Anciniis^  and  I  have  named  it  PdUeoniscus  Brongniartii" 

If  to  this  we  add  Pakeonisciu  obttisus,  Meyer*,  from  the  Miocene 
of  Bonn,  which  is,  no  doubt,  closely  related  to  the  foregoing  speoies, 
we  have  all  the  Tertiary  forms  hitherto  described. 

The  name  PalcBoniscus,  unfortunately,  cannot  stand,  having  been 
preoccupied  by  Blainville  for  a  genus  of  Fishes  since  1818  (Paloso- 
niscum)^  and  by  Agassiz  since  1833  (Palofoniscus).  1  would  have 
suggested  the  substitution  of  Archceoniseus^  Milne-Edw.,  the  name 
given  to  a  fossil  Isopod  from  the  Purbeck  of  the  Vale  of  Wardour ; 
but  a  reference  to  the  figure  (PL  XIV.  hg.  4),  and  to  the  subjoined 
description,  will  show  at  once  that  the  relations  of  the  four  forms 
above  enumerated  are  with  the  SphsBromidae,  whereas  the  presence 
of  several  free  and  movable  abdominal  somites  in  Archceoniscus  con- 
nects it  with  the  JBgidsB  and  other  errant  CymothoidsB. 

I  would  venture  therefore  to  propose  for  these  Tertiary  forms 
the  generic  appellation  of  Eosphceroma. 

The  known  list  of  Isopod  fossils  will  be  then  as  follows : — 

Armadillo  molaasicus,  Heer,  *  PrinuBval  World  of  Switzerland,*  yoL  u.  p.  5, 
fig.  210.    Miocene,  (Eningen. 

Eosplueroma  (Pabeonisous)  obtusam,  Meyer,    liCooene,  Bonn. 

( )  Brongniartii,  Milne-BHwards.    Lower  Eooene,  near  Paris. 

flaviatile,  I£  Woodw,    Upper  Eooene,  Qumet  Bay,  lale  of  Wight 

Smithii,  H.  Woodw,  „  „  „ 

Pakega  Gastaldi,  Siwmonda.    Miocene,  Turin. 

Carteri,  H,  Woodw,    Grey  Chalk,  Dotct. 

sp.  {Ferd,  Soemer),      White  Chalk,  wiih  flints,  Aslborg,  Jutland, 

Denmark. 

Bopyrus  (under  carapace  of  Palaocorvsies),    Greensand,  Cambridge. 

Archseoniscus  Brodiei,  MUne-JSdwaras,  Lower  Purbeck,  Vale  of  Wardour, 
Wiltshire. 

Edwardsii  t,  Wesiwood,    Lower  Purbeck,  Durdlestone  Bay,  Dorset. 

Praaroturus  gigas,  H,  Woodw,  Old  Bed  Sandstone,  Bowlestone,  Hereford- 
shire. 

Among  the  SphaBromidse  common  to  onr  coast  at  the  present  day, 
and  also  to  that  of  France  and  Ireland,  is  Sphxroma  serratttmy  Fabr., 
sp.  (see  PI.  XIV.  fig.  5). 

*  Paheontographica,  Dunker  and  Mejer,  1858,  Band  y.  pp.  111-113,  t  28. 
f .  3,  7.  8. 

t  See  Quart  Joum.  Geol.  Soc.  1864,  vol.  x.  p.  393.  I  regret  to  say  I  had 
oyerlooked  the  fact  that  Prof.  J.  O.  Westwood  had  giyen  a  speoiflo  name  to  the 
specimen  of  Archaoniecus  figured  by  bim  on  pi.  14.  fig.  12. 
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liiB  form  resembles  onr  fossil  in  the  small  size  of  the  cephalon 
the  broadlj-expanded  recurved  character  of  the  margin  of  the 
^rior  segment,  in  the  form  of  the  eyes,  the  antennaB,  and  the  poste- 
pair  of  limbs ;  but  the  abdominal  sliield  is  larger  in  the  fossil. 
^r.  Einahan  obtained  Sph.  serratum  in  the  River  Logan,  BelflAst, 
in  the  Biver  Dodder,  Dublin  * ;  so  that  the  fossil  species  occur- 
:  in  this  fluvio-marine  bed  is  quite  in  accord  with  the  habits 
»  modem  congener. 

subjoin  a  brief  notice  of  Archceaniseus  Brodiei  by  Prof.  Milne- 
irards,  who  writest : — 

The  specimens  which  I  have  received  from  Mr.  Brodie  (disco- 
id in  the  Wealden  [nc]  [Purbeck]  formation,  in  the  Vale  of 
rdour,  Wiltshire)  are  12  centimetres  %  ii^  length  and  9  in  breadth ; 
this  geologist  has  found  some  whose  dimensions  are  much 
iter."  [I  subjoin  the  measurements  of  several  specimens  pre- 
^  by  the  £ev.  P.  B.  Brodie  to  the  British  Museum — 

Leogth.  Breadth. 

12  millims.  8  millims. 

14       „  9       „ 

19  „  11       „ 

20  „  13       „      .] 

The  body  is  very  smooth,  and  composed  of  a  series  of  rings  ter- 
ated  posteriorly  by  a  rounded  shield.  Unfortunately  the  head 
ot  weU  preserved  in  those  specimens  which  I  have  examined.  I 
B  not  been  able  to  discover  any  traces  of  the  legs  ;  but  Mr.  Brodie 
detected  them  in  some  of  his  specimens.  I  have  been  able  to 
le  out  traces  of  the  antennae.     The  fossil  is  evidently  an  Isopod, 

from  its  general  form  should  be  arranged  in  the  family  of 
lothoidsB,  but  it  cannot  be  referred  to  any  known  genus.  It 
ears  to  be  intermediate  between  Serolis  and  the  errant  Cymo- 
idffi.  It  resembles  the  former  in  the  greater  development  of 
[)ody-segments,  especially  of  the  epimeral  portion  of  the  segments 
compared  with  the  tergal  portion,  and  also  in  the  expansion  of  the 
nera  and  the  position  of  the  terminal  shield  of  the  body. 

It  differs  from  Serolis  by  the  greater  development  and  mobility 
;he  anterior  rings  of  the  abdomen — characters  which  ally  it  to 
a  and  other  errant  Cymothoidss.  The  several  rings  between  the 
d  and  the  caudal  shield  scarcely  differ  from  one  another,  so  that 
re  is  no  visible  limit  between  the  thorax  and  the  abdomen ;  but 

can  count  as  many  as  twelve ;  and  as  the  number  of  thoracic 
i;b  never  exceeds  seven  in  the  Edriophthalmia,  we  must  conclude 
t  the  remaining  five  most  posterior  ones  belong  to  the  abdomen, 
ich  would  consequently  be  composed  of  six  movable  segments,  as 

Bate  and  Westwood,  Hist.  Brit.  Sei0.-ejed  Crustaoea,  1868,  vol.  ii 
406-407. 

*  Annales  des  Sciences  Naturelles/  2«  s^rie,  1843,  tome  zx.  Zooloffie,  p.  827. 
[For  *' centimetres"  read  "millimetres.**    This  error  occurs  Uiroughoat 
De-£dwards*B  paper.    I  hare  the  specimens  of  both  Archacniactu  Brodui 
Palaonitcus  Bronaniartii  bdbre  me ;  it  is  evidently  a  clerical  error.] 
I.  J.  G.  8.  No.  138.  2  B 
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in  JEga^  Ndocira^  &e.  The  sixth  abdominal  ring,  which  constitutes 
the  terminal  shield,  is  nearly  semicircular,  and  presents  on  its  median 
and  anterior  portion  a  tubercular  swelling  nearly  analogous  to  that 
observed  in  the  caudal  shield  of  several  Sphaeromidsd.  Lastly,  the 
structure  of  the  head  appears  to  be  intermediate  between  that  of 
these  last-named  Crustacea  and  that  of  which  Serolis  offers  us  an 
example ;  for  the  cephalic  ring  is  enlarged,  as  in  the  Spha)romidiB, 
while  the  eyes  approach  the  median  line,  as  in  Serolis. 

^^  From  tjiese  facts  one  sees  that  this  fossil  Crustacean  is  perfectly 
distinct  from  all  living  Isopods,  and  ought  therefore  to  be  placed  in 
a  separate  genus.  I  would  propose  to  designate  it  Arch<wniscu$ 
Brodieir 

I  have  given  an  outline  figure  of  this  old  Isopod  in  my  plate 
(PI.  XIV.  fig.  4). 

EXPLANATION  OF  PLATE  XIV. 

Fig.  1.  'Eowh48roma  fluviatile,  H.  Woodw.,  3  times  nat  size.  Upper  Eooene, 
Sembridge  series,  Ghimet  Bay,  I.  of  Wight    u^  uropoda. 

Fig.  2.  Eowph^kroma  SmithHy  H.  Woodw.,  twice  nat  dse.  Ditto.   «,  uropoda. 

fig.  3.  Eomfkeroma  {Palaoniacua)  BrongniartU,  H.  Mihie-Edw.  sp.,  "  Couche 
ae  Mame  A  Cytheries,  sous  les  Mames  Tertes."  U.  Eocene,  Butte  de 
Chaumont^  pr^  Paris.     3  times  nat  size.    «,  uropoda. 

Fig.  4.  Archmoniacua  Brodiei,  Mihie-Edw.  Lower  Purbeck  beds,  Tale  of  War- 
dour,  Wilts.  3  times  nat  sise.  (The  mesial  line  diriding  the  pos- 
terior somites  in  this  figure  appears  to  be  due  to  the  deM>rticatiou 
of  these  segments,  which  has  laid  bare  the  cast  of  the  straight  ali- 
mentary canal.) 

Fig.  6.  Spharoma  serratum,  Fsbr.,  sp.    Beoent>  British  Marine  and  Estuarine. 

Fig.  6.  Part  of  a  slab  of  Bembridge  stone,  drawn  of  the  natural  sise,  ooTered 
with  impressions  of  Branchipodites  vectmsUt  H.  Woodw. 

Figs.  7,  8,  k  9.  Portions  of  individual  specimens,  drawn  with  the  camera  and 
1-inch  objectiTe,  showing — 6r,  br^  branchial  feet ;  e,  e,  the  eyes ;  o,  o» 
the  oTaries,  with  contained  ova ;  c,  c,  the  caudal  somites. 

Fig.  10.  Branchipw  (ChirocephalUs)  diapkaims,  Prerost    Beoent  freshwater. 
British. 
(Figs.  1-4  and  Fig.  6  drawn  from  specimens  in  the  Geological  CoUectiun 
of  the  British  Museum.) 

D18OU8SIOK. 

Prof.  Wood-Mason  stated  that  he  was  acquainted  with  three  or 
four  genera  of  Isopoda,  memhers  of  which  can  lire  indifferently  in 
salt  and  fresh  water,  one  of  them  heing  the  parasitic  Bopyrus — facts 
that  seemed  to  indicate  the  process  hy  which,  in  the  course  of  ages, 
our  fresh  waters  and,  eventually,  the  land  had  gradually  become 
stocked  with  mollusks  and  crustaceans,  littoral  and  estuarine  re- 
presentatives of  these  two  classes  of  animals,  which  were  ametabo- 
lous,  having  sufficient  plasticity  of  their  organism  to  enable  them  to 
withstand  a  gradual  change  from  salt-  to  f^hwater  conditions. 

Mr.  J.  S.  Gardksb  said  that  the  beds  belonged  to  the  Bembridge 
formation,  and  that  he  had  diligently  examined  the  corresponding 
beds  in  the  eastern  comer  of  Whitediff  Bay,  but  had  found  them 
quite  barren.  No  insects  had  been  found  in  Alum  Bay,  and  com- 
paratively few  at  Studland  and  Bournemouth.  The  Eocene  insects 
found  in  England  everywhere  indicate  a  temperate  climate. 
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29.  On  CoNODoirra  yrcwi  <A«  Chazt  and  Qmcvsrskn  Group  0/  tA^ 
Cambro-Silukiin,  and  from  the  Hamilton  and  Gbj^seb-Shalb 
Divisions  of  the  Devonian,  in  Canada  and  the  United  States, 
By  Gborob  Jennings  Hinde,  Esq.,  F.G.S.  (Read  March  12, 
1879.) 

[Platm  XV.-XVH,] 

Soon  after  the  publication  by  Dr.  Pander,  in  1856,  of  his  well- 
known  monograph,  in  which  he  announced  the  discovery,  in  the 
lowest  fossiliferous  rocks  of  Russia,  of  small ''  teeth ''  named  Cono- 
donts,  and  referred  by  him  to  fishes,  several  discussions  arose  as  to 
the  character  of  these  minute  bodies,  and  various  opinions  were 
expressed  as  to  their  near  relations,  without,  however,  any  satis- 
factory conclusion  being  arrived  at.  Since  that  date  Conodonts 
have  been  found  in  several  other  places  ;  and  in  this  communication 
I  propose  to  describe  a  great  variety  of  forms  which  I  have  collected 
within  the  last  two  years  from  several  different  formations  in  North 
America.  Though  my  specimens  may  not  suffice  to  determine  the 
true  position  of  the  organisms  to  which  they  were  attached,  they 
will  at  least  add  something  to  our  previous  knowledge,  and  thus 
assist  in  reaching  a  decision  on  the  subject. 

The  next  account,  after  Dr.  Pander's,  of  the  discovery  of  Conodonts 
is  by  Dr.  J.  Harley,  in  an  article  on  the  Ludlow  bone-bed  and  its 
crustacean  remains  •.  Only  two  of  the  specimens  described  by  this 
gentleman  have  any  resemblance  to  the  Conodonts  of  Pander;  but  a 
comparison  of  these  with  other  very  differently  formed  bodies  in 
the  same  beds  led  him  to  express  the  opinion  that  all  the  forms 
were  of  crustacean  origin,  and  that  Conodonts  were  probably  only 
spines  similar  to  those  attached  to  the  margins  of  the  carapace 
of  Limvlas  and  the  caudal  segment  of  Squilla.  He  therefore  included 
all  together  under  the  provisional  genus  Astacoderma, 

In  1869  Mr.  Charles  Moore,  F.G.S.,  discovered  undoubted  Cono- 
donts in  the  Carboniferous  Limestone  of  this  country  f;  and  in  a 
late  communication  from  that  gentleman  he  informs  me  that  he 
has  them  from  the  Silurian  probably  up  to  the  Permian. 

Within  this  last  year  these  small  bodies  have  been  found  in  great 
variety  and  most  beautiful  preservation  in  Lower  Carboniferous 
strata  in  Scotland  by  Mr.  C.  J.  Smith,  of  the  Eglinton  Iron-works, 
Kilwinning,  and  some  notes  on  them  have  been  laid  before  the 
Natural-History  Society  of  Glasgow  by  Mr.  John  Young,  F.G.S.  I 
am  indebted  to  Mr.  Young  for  the  opportunity  of  looking  over  his 
specimens,  and  at  once  recognized  that  many  of  them  were  identical 
with  those  from  the  Devonian  and  Carboniferous  formations  of 
North  America,  as  also  with  those  from  the  same  formations  in 
Russia,  figured  by  Pander! 

»  Quart  Journ.  Geol.  See.  vol  rvii.  p.  642  (1861). 
t  Report  of  British  Association,  1869,  p.  375. 

a  J.  G.  8.  No.  139.  2  a 
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Conodonts  were  first  noticed  on  the  American  continent  by  Dr. 
Newberry,  who,  in  the  second  volume  of  the  '  Palaeontology  of  Ohio' 
(1875),  figured  several  forms  and  discussed  their  probable  relataons, 
which  he  believed  to  be  rather  with  fishes  similar  to  Myxinoids 
than  with  invertebrates.  All  Dr.  Newberry's  specimens  were  from 
the  Lower  Carboniferous  at  Bedford  in  the  State  of  Ohio. 

The  oldest  strata  in  which  I  have  met  with  Conodonts  are  thin 
layers  of  a  dark  limestone  belonging  to  the  Chazy  formation  of  the 
Cambro-Silurian,  which,  if  not  the  equivalents,  are  not  far  separate 
in  relative  age  from  the  green  sands  and  black  shales  of  Russia,  the 
lowest  beds  in  which  these  bodies  have  been  found  there.  These 
Chazy  beds  are  opposed  on  the  banks  of  the  Ottawa  Kivcr  at  Gren- 
ville,  in  the  province  of  Quebec,  and  are  largely  composed  of  the 
small  tests  of  bivalve  Crustaceans  belonging  to  the  genus  Leperditia^ 
associated  with  a  few  small  Trilobites  and  Gasteropods.  There  are 
no  indications  of  any  of  the  larger  Crustacea  or  MoUusca  to 
which  these  Conodonts  could  be  referred ;  and  they  are  altogether 
too  large,  even  if  they  could  be  referred  to  either  of  these  classes  of 
animals,  to  have  belooged  to  those  whose  tests  are  here  preserved. 
Though  the  Conodonts  are  not  unfrequent  in  these  limestones,  it  is 
somewhat  remarkable  that  they  are  all  of  one  species,  and  this  is 
one  of  the  largest  of  the  known  compound  forms. 

In  the  strata  of  the  Cincinnati  group  exposed  near  Toronto,  in 
which  a  few  Conodonts  appear,  the  rocks  are  principally  micaceous 
flags  and  shales,  and  contain  a  great  variety  of  fossils,  Graptolites, 
Corals,  Annelids,  Brachiopods,  Gasteropoda,  and  Cephalopods  of  the 
genus  Orikoceras,  all  well-known  forms.  No  crustacean  remains 
beyond  scattered  fragments  of  small  Trilobites  of  the  genus  Caly^ 
mene  have  been  noticed.  Whilst  most  of  these  fossils  are  in  tlnn 
lenticular  beds  of  limestone  intervening  between  the  flags  and  shales, 
the  Conodonts  are  generally  imbedded  in  the  latter.  In  addition 
to  a  few  compound  teeth,  there  are  also  the  simple  spine-like  forms 
of  Conodonts ;  and  it  is  worthy  of  notice  that  these  simple  forms  are 
much  more  restricted  in  their  distribution  than  the  compound  ;  for 
whilst  the  latter  appear  from  the  Cambro-Silurian  to  the  Lower 
Carboniferous,  the  simple  teeth  are  only  met  with,  both  in  America 
and  in  llussia,  in  the  Cambro-Silurian. 

I  have  not  as  yet  found  any  Conodonts  in  the  Trenton  and  IJtica 
shale  rocks,  which  come  betweeen  the  Chazy  and  the  Cincinnati 
group,  nor  in  any  strata  of  the  Silurian  proper  and  the  lower  division 
of  the  Devonian;  but  in  the  middle  Devonian  they  reappear  in 
great  abundance.  In  strata  of  this  age  belonging  to  the  upper 
beds  of  the  Hamilton  group  of  limestone  and  shales,  exposed  near 
the  village  of  North  Evans,  on  the  south  shore  of  Lake  Erie,  New 
York  State,  they  are  very  numerous ;  and  one  particular  band  of 
limestone,  which  I  propose  to  designate  the  Conodont-bed,  is  filled 
with  fragments  of  these  small  teeth.  This  limestone  band  varies 
from  half  an  inch  to  three  inches  in  thickness,  and  may  be  traced  for 
some  distance.  On  fracture  it  presents  a  dark  subcrystalline  aspect, 
with  occasional  particles  of  a  green  colour,  and  also  crystals  of  iron- 
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|>pite8.  In  addition  tx)  the  Conodonts,  there  are  in  this  same  bed 
namorouB  fragments  of  Cnnoid  stems,  bones  and  plates  of  undeter* 
mined  fishes,  and  teeth  closely  resembling,  if  not  identical  with,  those 
of  PiyctoduB  *,  Pander,  also  from  Deyonian  strata  in  Eussia ;  bnt 
there  are  no  remains  of  Crustaceans  or  Gasteropods.  It  is  only  on 
the  weathered  surface  of  the  rock  that  Conodont  teeth  are  visible, 
and  then  only  with  the  assistance  of  a  good  lens. 

There  are  also  a  few  Conodont«  associated  with  plates  and  teeth 
of  fishes  in  a  thin  band  of  limestone  of  the  Haonilton  group  at 
Arkona,  Lambton  County,  Ontario. 

Immediately  succeeding  the  Hamilton  group  are  beds  of  black 
bituminous  shale,  known  as  the  Genesee  Shale  in  New  York  and 
Canada,  and  as  the  Huron  Shale  in  Ohio ;  and  the  Conodonts  are 
distributed  in  these  shales,  in  places  widely  apart.  I  have  found 
them  in  exposures  of  these  strata  at  Kettle  Point,  on  the  shores  of 
Lake  Huron,  and  at  Bear  Creek,  both  in  Lambton  County,  Ontario, 
as  weU  as  in  small  boulders  derived  from  these  beds  in  the  cliff- 
sections  on  the  north  shore  of  Lake  Erie :  at  North  Evans,  New 
York,  where  there  is  a  splendid  section  of  these  shales,  Conodonts 
are  also  abundant ;  and  I  have  also  fragments  from  the  same  shales 
near  Louisville,  in  Kentucky.  At  aU  these  localities  these  shales  are 
hut  sparsely  fossiliferous,  and  the  fossils  are  limited  to  spores  of 
Lycopoda  and  portions  of  other  plants,  a  few  Brachiopods  of  the 
genera  Lingula  and  Discina,  Aviculce,  and  the  scales,  mostly  de- 
tached, of  Palceaniscus,  There  are  no  organic  fragments  to  give 
any  due  to  the  animal  to  which  these  numerous  Conodont  teeth 
belonged. 

Though  my  paper  does  not  include  the  Lower  Carboniferous  Cono« 
donts  of  Ohio,  treated  by  Dr.  Newberry,  I  may  mention,  from  my 
own  exanoination  of  the  beds  in  which  they  occur,  that  the  strata 
are  black  shales  not  dissimilar  in  appearance  to  the  Genesee  shales, 
but  less  bituminous ;  and,  like  these  latter  also,  have  scarcely  any 
otiier  organisms  in  addition  to  the  Conodonts  but  plants  and  scales 
of  Ganoid  fishes. 

My  object  in  mentioning  somewhat  in  detail  the  fossils  occurring 
with  the  Conodonts  in  the  different  formations  has  been  to  point 
out  that  they  cannot  be  attributed  to  these  associated  organisms, 
and  to  show  the  probability,  so  far  as  negative  evidence  extends, 
that  these  minute  teeth  and  plates  are  the  only  portions  of  the 
animals  capable  of  preservation  in  a  fossil  condition. 

The  appearance  of  the  American  Conodonts  is  so  similar  to  those 
from  Eussia  that  Pander's  description  will  almost  eqnally  apply  to 
both.  They  occur  as  very  minute,  shining  bodies,  sometimes  con- 
sisting of  a  single  more  or  less  curved  conical  tooth  with  an  ex- 
panded base  ;  but  more  frequently  they  possess  an  elongated  basal 
portion  in  which  there  is  generally  a  large  tooth  with  rows  of  similar 
but  smaller  denticles  on  one  or  both  sides  of  the  larger  tooth,  accord- 
ing as  this  is  central  or  at  one  end  of  the  base.     In  some  forms  the 

*  '  Ueber  die  Ctenodipterinen  des  deyonischen  Systems/  St  Petersburg,  1856; 
p.  49,  table  8. 
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large  tooth  is  continued  below  the  level  of  the  base,  forming  one  or 
more  small  blunted  extensions ;  and  in  one  of  the  Devonian  forms 
this  extension  is  greatly  prolonged  and  also  supported  denticles.  In 
other  examples  there  is  no  prominent  central  tooth ;  but  a  series  of 
more  or  less  similar  teeth  are  carried  on  a  straight  or  curved  base. 
There  are  also  forms  with  a  wide  basal  plate  denticulated  on  the 
upper  edge,  to  which,  in  two  instances,  there  is  an  appendage 
attached  at  right  angles,  and  apparently  of  different  structure  from 
the  toothed  basal  portion.  Besides  these  more  typical  examples  there 
are  other  structures,  not  hitherto  noticed,  which,  from  their  intimate 
connexion  with  the  teeth,  evidently  belonged  to  the  same  organisms. 
These  are  minute  plates  of  various  forms,  with  a  longitudinal  ridge 
which,  in  certain  cajses,  is  extended  beyond  the  plate  and  has  its 
upper  border  denticulated.  The  plate  itself  is  ornamented  on  one 
surface  with  small  tubercles,  whilst  the  other  is  smooth. 

All  these  forms,  though  imbedded  in  strata  of  very  different 
mechanical  and  chemical  character,  as  flagstones,  shales,  and  lime- 
stones, appear  to  have  experienced  but  little  alteration ;  they  still 
retain  their  bright  shining  lustre,  and  the  smooth  and  undisturbed 
outline  of  their  bases  plainly  indicates  that  they  have  not  been 
broken  from  the  edges  of  the  carapace  of  any  crustacean. 

The  very  perfect  condition  of  the  extremely  minute  teeth  in  many 
of  the  specimens  also  shows  that  they  could  not  have  been  exposed 
to  any  injuries  from  transportation.  They  are  all  very  brittle  and 
are  slowly  dissolved  by  nitric  acid.  Most  of  the  specimens  are  of  a 
reddish  horn-colour  and  translucent ;  very  rarely  do  they  occur  of  a 
milky  white,  though  this  white  tint  is  the  usual  condition  of  the 
Ohio  Carboniferous  specimens,  and  appears  to  have  been  common 
in  the  Eussian  examples.  Pander  regarded  the  white  specimens  as 
belonging  to  older  individuals ;  but  there  can  be  little  doubt,  from 
the  occurrence  of  examples  of  both  kinds  of  the  same  dimensions, 
that  the  white  tint  is  due  to  some  change  in  the  chemical  composi- 
tion. I  find  the  white  specimens  more  frequently  in  rocks  near  the 
surface,  which  have  been  more  exposed  to  atmospheric  influences. 
In  many  specimens,  particularly  those  occurring  in  the  black  shales, 
while  the  flat  base  of  the  compound  tooth  is  of  a  reddish  horn-colour 
and  transparent,  the  large  tooth  is  nearly  of  an  ivory-white,  a 
difference  which,  on  microscopic  examination,  is  seen  to  be  due  to  a 
,different  structure  of  the  tooth  and  base.  The  Conodonts  from  the 
Conodont-bed  at  North  Evans  are,  as  a  rule,  more  robust  a^nd 
opaque  and  of  a  different  lustre  from  those  in  the  bituminous  shales; 
whilst  those  from  the  Chazy  limestone  differ  from  all  the  rest  in 
possessing  a  bright,  glossy  black  tint. 

As  regards  the  structure  of  the  American  Conodonts,  an  examina- 
tion of  microscopic  sections  corroborates  the  result  obtained  by 
Pander  from  the  Russian  examples.  I  can  detect  the  same  delicate 
conical  lamellar  structure  both  in  the  specimens  from  the  Chazy 
and  in  some  of  those  from  the  Devonian ;  in  other  Devonian  speci- 
mens, however,  the  basal  portion  appears  to  be  homogeneous  and 
without  structure,  whilst  the  teeth  imbedded  in  this  base  have 
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athef  a  clouded  fibrous  appearance,  or  seem  to  be  composed  of  minute 
noclei,  as  represented  by  Pander  (Monogr.  tab.  2a.  figs.  11,  12). 

Hitherto  the  Conodonts  have  only  been  found  as  detached  speci-^ 
mens,  scattered  irregularly  throughout  the  rock ;  but  I  have  one 
example,  from  the  Genesee  bituminous  shale,  in  which  a  group  of 
Tarious  forms  of  teeth  and  plates  have  been  compressed  together  in 
such  a  manner  as  to  show  that  they  must  have  belonged  to  the  same 
animal.  Unfortunately  the  teeth  in  this  specimen  are  so  crushed 
that  nothing  can  be  ascertained  as  to  their  natural  arrangement ; 
at  the  same  time  their  numbers  and  variety  of  form  show  no  resem- 
blance to  those  of  any  existing  animal,  so  that  very  little  fresh 
knowledge  can  be  gained  from  this  specimen  beyond  the  fact  that, 
whatever  may  have  been  the  zoological  relations  of  the  animal,  it 
possessed  a  complicated  and  varied  apparatus  of  teeth  and  plates. 

I  submitted  my  specimens  to  Professor  Huxley,  who  expressed 
the  opinion  that  some  of  them  so  closely  resemble  the  teeth  of  the 
Hag-fish  {Myxine)  that  it  would  be  diflScult  to  prove  that  they 
did  not  belong  to  fishes  of  this  order ;  at  the  same  time  no  living 
fish  exhibited  an  assemblage  of  teeth  and  plates  at  all  similar 
to  those  shown  in  the  fossil  example  (Plate  XYI.  figs.  6-18). 

From  a  microscopical  examination  of  original  specimens  of  Cono- 
donts from  Russia,  Professor  Owen  states,  in  the  first  edition  of  his 
'  Pakeontology,'  1870,  that  only  those  referred  by  Pander  to  the 
genera  Ctenoffnaihus,  Cordylodus,  and  Gnathodus  had  any  probable 
claims  to  vertebrate  rank,  but  they  might  also  be  only  remains  of 
the  dentated  daws  of  Crustacea.  In  the  second  edition  of  the  same 
work,  however.  Professor  Owen  concludes  that  they  have  most 
analogy  with  the  spines,  or  booklets,  or  denticles  of  naked  Mollusks 
or  Annelids. 

Whilst  the  discovery  of  these  American  Conodonts,  of  which  some 
are  identical  with,  and  all  generally  resemble,  those  from  corre- 
sponding rock-formations  in  Russia,  proves  the  very  wide  distribu- 
tion of  Uiese  bodies,  the  conditions  under  which  they  appear  and  the 
fossils  associated  with  them  in  America  assist  but  little  in  solving 
the  qu^tion  as  to  their  relations.  In  the  Cambro-Silurian  rocks 
the  fossils  of  marine  invertebrates  are  very  varied  and  abundant ; 
but  there  are  no  large  Gasteropods  whose  lingual  teeth  could  be 
supposed  to  be  similar  to  Conodonts,  nor  the  carapaces  or  segments 
of  any  Crustaceans  to  which  they  could  have  been  attached  as  de^ 
fenfive  spines.  In  the  Devonian  strata,  where  the  Conodonts  are 
much  more  numerous  and  diversified  in  form  than  in  the  lower 
rocks,  the  only  invertebrate  fossils  accompanying  them  are  Crinoids 
and  Brachiopods ;  but  there  are  here  plenty  of  fragments  of  undis- 
puted fish-teeth  and  bones.  There  is  thus  the  same  ground  as  in 
Russia  for  the  supposition  that  the  Conodonts  were  the  only  parts 
of  the  organism  to  which  they  were  attached  capable  of  fossilization, 
and  that  the  body  of  the  animal  might  have  been  composed  of 
nothing  more  durable  than  the  cartilaginous  structures  of  the  lower 
orders  of  fishes,  or  the  soft  tissues  of  Annelids  and  naked  Mollusks. 
That,  however,  the  Conodonts  cannot  be  referred  to  the  homy  jaws 
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of  Annelids  may  be  condnsively  shown  by  the  discorery,  by  the 
writer,  of  these  Annelidan  stmctoree  in  the  same  sisrata  with  Cono- 
donts,  from  which  the  former  can  readily  be  distinguished  by  their 
chemical  composition  and  their  resemblance  to  the  jaws  of  existing 
Annelids.  Against  the  probability  of  the  Conodonts  having  been 
the  teeth  of  naked  MoUosks,  it  may  be  noted  that  the  former  are 
principally  composed  of  carbonate  of  lime,  and  that  it  is  highly  im- 
probable that  naked  MoUusks  should  have  abounded  without  any  of 
their  shell-bearing  relatives  having  been  also  present  (and  of  ^ese 
in  the  Conodont-bearing  beds  of  the  Devonian  there  are  no  traces) ; 
nor  can  it  be  supposed  that  their  shells  can  have  been  removed  by 
solution  when  the  most  delicate  structures  of  carbonate  of  lime 
have  remained  intact. 

It  has  been  shown  that  whilst  Oonodont  teeth  do  not  correspond  in 
minute  structure  with,  and  are  far  more  varied  in  form  than,  the  teeth 
of  any  known  fish,  they  yet  approach  closest  to  those  of  the  My  xinoids. 
As  it  is  not  at  all  improbable  that  there  was  in  Palaeozoic  times 
as  great  a  development  of  the  Cyclostome  Fishes  as  of  the  Ganoids 
and  Elasmobranchs,  with  a  consequent  great  amount  of  variation 
in  their  structural  development,  we  could  hardly  judge,  from  their 
pauperized  descendants  of  the  present  day,  how  far  this  variation 
may  have  extended  in  former  times.  We  should  not,  therefore,  on 
account  of  the  imperfect  analogy  of  the  Conodonts  with  the  teeth  of 
existing  My  xinoids,  reject  altogether  the  probability  that  they  may 
have  belonged  to  a  similar  low  t}pe  of  Fishes.  At  present,  how- 
ever, the  facts  at  hand  appear  insuMcient  to  decide  the  question. 

Owing  to  the  uncertainty  respecting  the  animals  to  which  the 
Conodonts  belonged,  any  arrangement  of  the  teeth  themselves  must 
almost  entirely  rest  on  an  artificial  basis,  and  consequentiy  possess 
little  zoological  value ;  detailed  descriptions  and  figures,  however, 
such  as  those  given  by  Dr.  Pander,  are  of  great  importance  and 
service  for  palceontological  reference ;  and  for  this  purpose  I  have 
attempted  to  give  a  similar  detailed  account  of  the  American  forms, 
commencing  with  those  from  the  earliest  formation  in  which  I  have 
met  with  them. 

1.   Conodonts  from  tJic  Cliazy  Fon}uUion, 

Genus  Pbioniodus,  Pander,  1856. 

pBioNionrs  BiJ)icAKs,  Hinde.     (PI.  XV.  figs.  1-6.) 

The  central  tooth  relatively  very  long  and  robust,  and  gradually 
tapering  to  a  point,  either  straight  or  with  a  more  or  less  dextral 
or  sinistral  curvature.  The  lower  portion  is  produced  below  the 
position  of  the  lateral  denticulate  extensions,  to  form  a  single  blun- 
ted termination  or  two  or  three  small  fang-like  projections.  The 
front  portion  is  strongly  convex  in  section,  but  nearly  flat  at  the 
back,  and  a  deep  longitudinal  groove  extends  at  the  back  of  the 
tooth  from  near  the  tip  to  the  base.  The  lateral  extensions,  spring- 
ing more  or  less  obliquely  from  both  sides  of  the  main  tooth,  are 
narrow,  straight,  or  slightly  curved,  strongly  convex  in  front  and 
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th  a  groove  like  that  of  the  main  tooth  at  the  back.  They  are 
iquently  unequal  in  length  and  in  the  number  of  denticulations  in 
3  same  specimen.  These  vary  from  4  to  11,  and  are  either  short 
d  blunt,  or  long,  pointed,  and  slightly  curved,  in  some  cases  of 
aal  length  on  the  same  base,  but  frequently  the  central  denticula- 
ns  are  the  longest. 

The  teeth  are  smooth,  black,  and,  where  not  much  weathered, 
a  brilliant  polish.  The  length  of  the  central  tooth  varies  from 
line  to  1§  line,  the  greater  number  are  about  1  j  line.  The  lateral 
tensions  vary  between  one  third  and  two  thirds  the  length  of 
3  main  tooth.  Though  there  is  a  great  difference  in  form  and 
e  in  these  teeth,  the  extremes  are  connected  by  so  many  interme- 
ite  forms  as  plainly  to  indicate  that  all  belong  to  a  single  species, 
d  no  other  form  but  this  appears  to  be  present  in  these  rocks. 
This  species  is  closely  allied  to  P,  Vdborihii,  Pander  (Monogr. 
30,  tab.  i.  fig.  1),  firom  which  it  may  readily  be  distinguished  by 
3  basal  termination  and  the  deep  longitudinal  groove  of  the  main 
(th,  and  the  proportionately  less  development  of  the  lateral  exten- 
ns.  I  am  unable  to  make  any  comparison  of  the  relative  dimen- 
ns  of  this  and  Pander's  species,  as  unfortunately  no  reference  is 
ide  by  him  either  to  the  actual  size  of  the  specimen  or  to  the 
lie  to  which  the  figure  is  drawn. 

The  species  is  abundant  and  well  preserved,  and  occurs  in  beds  of 
rk  limestone,  principally  composed  of  the  tests  of  Leperditia. 
Lac.  Grenville  on  the  Ottawa  River,  province  of  Quebec. 

2.  Conodonts  from  the  Cincinnati  Group. 
Genus  DaEPAifODxrs,  Pander,  1856. 
lEPAKODTTS  ABCTJA.TUS,  Pander.    (PI.  XV.  figs.  7,  8.) 
Drepanodtis  areuatus,  Pander,  Monographic  der  fossilen  Fische, 
56,  p.  20,  tab.  i.  figs.  2,  4,  5. 

Tooth  simple,  resembling  a  more  or  less  curved  spine,  nearly  cir- 
lar  in  section,  tho  basal  'portion  expanded  and  with  a  slight 
itraction  betweon  it  and  tho  shaft  of  the  tooth.  The  t«eth  are 
translucent  and  of  a  reddish  horn-colour ;  they  vary  in  length 
>m  1^  line  to  1  ^  line,  and  in  width  at  the  base  from  |  line  to  §  line. 
Loc.  Ganison  Common,  near  Toronto,  Ontario.     Abundant. 

Genus  Distacodits*. 
MacTiairodus,  Pander,  1856. 
STACODUS  racTmvTJs,  Pander.    (PI.  XY.  fig.  9.) 

Machairodiis  incurvus,  Pander,  Monographic  der  fossilen  Fische, 

23,  tab.  i.  fig.  22. 

Base  of  tooth  expanded,  tho  shaft  slightly  curved,  tho  point  com- 

*  1  propose  to  substituto  this  name  for  Pander's  Machairodus,  the  latter 
ring  been  long  preoccupied  by  Eaup. 
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preesed  and  acute ;  a  very  strongly  marked  broad  and  sbarp  edge 
on  the  outer  curve,  and  a  similarly  sharp  but  narrower  edge  on  the 
inner  curve  of  the  tooth ;  the  central  portion  convex  in  section. 
Length  1|  line,  width  of  base  i  line. 

Loc.  Oarrison  Common,  near  Toronto,  Ontario. 

Pbiokiodus  blboaks,  Pander.     (PI,  XV.  fig.  10.) 

Prioniodus  elegans.  Pander,  Monographic,  p.  29,  tab.  ii.  figs.  22, 23. 

Basal  portion  straight  and  narrow ;  at  the  anterior  extremity  is 
an  elongated  tapering  main  tooth,  the  lower  portion  of  which  appears 
to  extend  below  the  front  part  of  the  base.  On  the  base  are  thirteen 
straight,  delicate,  pointed  denticles  nearly  uniform  in  size.  Both 
main  tooth  and  denticles  convex  in  section.  Length  of  main  tooth 
^  line,  of  the  horizontal  base  -I  line. 

My  example  has  not  the  exterior  denticle  or  the  sharp  edges 
of  the  main  tooth  of  Pander's  example,  but  in  other  respects  it  is 
Bimilar.    I  have  found  but  a  single  specimen. 

Loc.  Garrison  Common,  near  Toronto,  Ontario. 

Pbioniodus?  politus,  Hinde.    (PI.  XV.  figs.  11, 12.) 

Basal  portion  of  tooth  compressed,  uneven  in  width,  straight  or 
slightly  curved ;  at  or  near  the  central  part  a  short  robust  main  tooth 
with  a  series  of  short  compressed  denticles,  varying  from  five  to 
eight  in  number,  on  either  side  of  it.  Lengtii  of  base  from  \  line  to 
I  line.  The  specimens  have  a  bright  polished  appearance  and  a 
light  homy  tint. 

Loc,  Garrison  Common  and  Don  valley,  near  Toronto,  Ontario. 

PBioiaoDus  pxTBCATus,  Hiudc.    (PL  XV.  ^.  13.) 

Base  narrow  and  strongly  arched,  at  the  centre  of  the  arch  a 
prominent  robust  main  tooth,  slightly  curved,  depressed  convex,  and 
with  sharp  edges,  the  lower  extremity  blunted  and  produced  beyond 
the  base.  On  one  side  of  the  central  tooth  the  base  carries  six  fiat- 
tened  denticles  inclined  to  the  centre ;  on  the  other  side  are  eight 
similar  denticles,  but  vertical  to  the  base.  Length  of  main  tooth  | 
line ;  distance  between  the  extremities  of  the  base  ^  line. 

The  strongly  arched  form,  the  prominence  of  the  main  tooth,  and 
its  extension  below  the  base  distinguish  this  from  the  forgoing 
species. 

Loe.  Garrison  Common,  near  Toronto,  Ontario. 

Remarks  on  the  Camhro-Silurian  Conodonts. 

It  is  worthy  of  notice  that  of  the  six  species  above  described  no 
fewer  than  three  should  be  identical  with,  and  the  other  three  should 
have  a  close  general  resemblance  to,  the  forms  discovered  by  Pander 
near  St.  Petersburg.  At  the  same  time  there  is  by  no  means  the 
same  proportion  in  respect  to  the  number  of  the  species  of  the  sim- 
ple and  compound  teeth  found  in  the  two  coimtries ;  for  whilst  there 
is  nearly  an  equal  number  of  the  compound  forms  in  the  Cambro- 
Silurian  of  Canada  as  of  Bussia,  only  two  species  of  the  simple  teeth 
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re  as  yet  been  found  in  Canada ;  but  in  Russia  these  simple  teeth 
)nnd  in  such  great  variety  that  Pander  divided  them  into  no  fewer 
in  seven  genera,  including  thirty-eight  species.  It  is  also  remark- 
le  that  neither  in  Canada  nor  in  Russia  do  these  nmple  teeth 
pear  to  extend  to  a  higher  geological  horizon,  though  the  compound 
98  in  the  lower  rocks  have  a  generic  resemblance  to  those  from 
3  Devonian  and  Carboniferous.  There  is  the  still  further  coinci- 
ice  that  in  Russia  only  traces,  and  in  Canada  none,  of  these  bodies 
ve  as  yet  been  met  with  in  strata  between  the  Cambro-Silurian 
i  the  Devonian ;  but  a  further  special  search  may  lead  to  their 
icovery  in  the  intermediate  rocks. 

>  Conodonts  from  the  HamUion  and  Oenesee-ShaU  divisiom  of  the 
Devonian, 

In  certain  beds  of  these  Devonian  rocks  the  Conodonts  appear  in 
sh  profdsion  and  variety  of  form  as  far  to  surpass  those  already 
Bcribed  from  the  Siluro-Cambrian ;  and,  judging  from  Pander's 
Bcription,  they  are  more  numerous  and  better-preserved  than  those 
the  Devonian  and  Carboniferous  rocks  of  Russia.  The  wor^  of 
issifying  these  various  forms  has  to  some  extent  been  simplified  by 
B  discovery  of  the  specimen,  already  mentioned,  in  which  a  number 
diversely  shaped  teeth,  together  with  small  plates,  are  shown  to 
ve  appertained  to  the  same  individual,  which  I  describe  below 
ider  the  generic  name  of  Polygnathus,  A  good  proportion  of  the 
ber  detadbed  teeth  in  the  same  rocks  are  related  to  those  of  Poly^ 
lathuSf  and,  for  the  sake  of  reference,  will  have  to  be  described  sepa- 
tely,  though,  judging  from  the  remarkable  combination  of  various 
rms  in  this  indiyidual,  all  these  teeth  may  have  belonged  to  two 
three  species  only.  There  are,  however,  in  this  type  specimen  of 
)lygnathu8  none  of  the  more  typical  forms  of  Prtoniodus  with  a 
ry  prominent  elongated  central  or  terminal  main  tooth,  so  that  I 
irpose  to  retain  this  genus  for  similar  forms.  As  an  indication  of 
e  uncertainty  attending  the  classification  of  these  teeth  from  de- 
ched  specimens,  I  may  mention  that  in  the  individual  example  of 
}lygnathus  there  are  teeth  which  Pander  has  placed  under  difierent 
aera. 

aomoDus  sbbaticus,  Hinde.     (PL  XY.  fig.  14.) 

Tooth  with  a  short,  narrow,  slightly  arched  base,  at  one  extremity 
'  which  a  relatively  large,  cylindrical,  slightly  curved  main  tooth 
ojects  obliquely  outwards,  forming  an  obtuse  angle  with  the  base, 
n  the  base  are  five  stout,  nearly  upright,  smaller  teeth  or  denticles, 
hich  in  some  specimens  are  more  elongated  than  in  the  one  figured. 
Locality  and  Formations,  North  Evans,  New  York  State :  from 
le  '^  Conodont-bed  "  of  the  Hamilton  group.  Also  from  Bedford, 
bio :  in  the  Cleveland  Shales  of  the  Lower  Carboniferous. 

uoiaoDus  ABBBEviATVs,  Hindc.    (PI.  XV.  ^,  15.) 

Base  of  tooth  very  short  and  stout,  at  one  end  a  comparatively 
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long,  nearly  straight,  cylindrical^.blonted,  main  tooth,  on  one  side  of 
which  are  two  blunted  denticles  with  small  knobs  at  their  summits. 
Length  of  main  tooth  §  line,  of  the  base  |  line. 

jZc.  North  Evans,  J^ew  York :  from  the  "  Conodont-bed "  of 
the  Hamilton  group. 

PaioNioDus  CLA.TA.Trs,  Hindo.    (PI.  XV.  ^g.  16.) 

Basal  portion  arched,  narrow,  stout  and  convex  in  section ;  the 
central  tooth  straight,  cylindrical,  and  blunted ;  on  one  side  of  this 
there  are  four,  and  on  the  other  two  stout  teeth  similar  to  the  eon* 
tral  tooth  and  but  little  inferior  in  size. 

Length  of  base  §  line,  of  the  central  tooth  |  line. 

Loc.  North  Evans,  New  York  :  from  the  "Conodont-bed  "  of  the 
Hamilton  group. 

Pbioniodus  AJTGXJLATU8,  Hiudc.    (PI.  XV.  fig.  17.) 

Base  thin,  narrow,  and  arched,  so  that  the  two  sides  meet  at  an  acute 
angle ;  from  the  apex  there  rises  a  long,  straight,  compressed,  needle- 
shaped  main  tooth  with  a  median  longitudinal  groove;  on  either 
side  of  the  base  are  four  slightly  curved  slender  denticles.  Distance 
between  extremities  of  the  base  ^  line ;  length  of  main  tooth  i  line. 
This  species  is  very  delicate  and  brittle,  and  perfect  examples  are 
rare.  The  missing  portions,  however,  leave  their  impressions  in  the 
shale,  so  that  the  entire  form  can  be  readily  distinguished. 

Loc.  North  Evans,  New  York:  from  Genesee  Shale.  Also  at 
Bedford,  Ohio :  in  Cleveland  Shales,  Lower  Carboniferous. 

Pbioniodus  AacTJLABis,  Hiudc.     (PI.  XV.  figs.  18, 19.) 

Basal  portion  straight  or  slightly  arched,  generally  wide,  very 
thin,  polished  and  transparent;  near  one  extremity  a  relatively 
large,  slightly  curved,  compressed  main  tooth,  with  two  denticles  on 
one  side,  and  on  the  other  a  series  of  from  eleven  to  thirteen  delicate, 
slightly  curved,  acutely  pointed  denticles,  slightly  inclined  to  the 
base  in  which  they  are  imbedded.  The  main  tooth  and  the  denticles 
have  a  polished  aspect  and  tint  like  ivory,  whilst  the  base  is  of  a 
brownish  horn-colour.  In  ^.  18  the  length  of  the  base  is  J  line, 
and  of  the  main  tooth  ^  line ;  in  fig.  19  the  base  is  1  line  and  the 
main  tooth  ^  line  in  length. 

The  base  is  very  variable  in  width  in  different  examples,  and  in  some 
forms  the  two  denticles  preceding  the  main  tooth  are  not  present. 

Loc.  Kettle  Point  and  Bear  Creek,  Lambton  County,  Ontario ; 
North  Evans,  New  York :  Genesee  Shale. 

Pbioniodits  AJtMATTs,  Hiudc.    (PI.  XV.  figs.  20,  21.) 

Basal  portion  very  narrow  and  slightly  curved ;  at  one  extremity 
a  relatively  large,  triangular,  depressed  convex  main  tooth,  the  ex- 
terior basal  angle  of  which  is  produced  downwards  into  a  short 
spur.  There  are  from  five  to  eleven  straight  compressed  denticles. 
Length  of  base  from  ^  line  to  |  line,  of  the  main  tooth  |  line. 

Loc.  Near  Port  Stanley,  Lake  Erie,  Ontario :  in  erratic  boulders 
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r  Genesee  Shale.    Also  from  Nosth  Evans,  New  Tork,  in  Genesee 
bale. 

BiONioDTis  8PICATU8,  Hindo.     (PI.  XVI.  figs.  1,  2,  3.) 

Basal  portion  straight,  narrow,  and  convex ;  at  one  extremity  a 
braight  or  slightly  curved  main  tooth  which  is  produced  below  the 
orizontal  base  to  a  pointed  projection.  A  variable  number  of 
traight  slender  denticles  are  present  on  the  base,  and  between 
liese  are  intercalated  still  smaller  denticles.  Length  of  base  | 
ine,  of  main  tooth  |  line  to  §  line. 

Loc,  Bear  Creek,  Ontario;  North  Evans,  New  York:  Genesee 
hale. 

^loinoDTJS  Pakdebi,  Hinde.     (PI.  XYI.  fig.  4.) 

A  relatively  very  large,  slightly  curved,  depressed  convex  main 
[)oth  springs  from  one  extremity  of  the  narrow  horizontal  base ;  at- 
ached  to  the  base  of  the  main  tooth,  and  extending  downwards,  is  a 
rominent  spike-like  projection,  which  has  on  its  upper  surface  the 
ases  of  what  appear  to  have  been  four  stout  denticles ;  on  the  hori- 
ontal  base  are  the  lower  portions  of  six  denticles.  Length  of  the 
u^  tooth  1^  line,  of  the  projection  ^  line,  and  of  the  base  g  line. 

This  species  is  allied  to  P.  tulensisy  Pander  (Monograph,  p.  30, 
ab.  2  a.  fig.  19)  which  has  also  a  somewhat  similar  produced  spike 
»elow  the  main  tooth,  with  a  single  denticle  on  it.  P.  tulensis  is 
rom  the  Carboniferous  Limestone  in  the  province  of  Tula,  Eussia. 

I  have  named  this  species  in  memory  of  Dr.  Pander,  the  first  dis- 
overer  of  Conodonts. 

Loe.  Kettle  Point,  Ontario:  Genesee  Shale.  Also  from  North 
Svans,  New  York :  in  the  "  Conodont-bed  *'  of  the  Hamilton  group. 

^ONioDus?  ALATTTs,  Hlude.    (PI.  XYI.  fig.  5.) 

A  comparatively  large,  triangular,  depressed  convex  main  tooth 
vith  a  narrow  arched  base,  one  arm  of  which  is  produced  obliquely 
lownwards  and  carries  five,  short,  blunted  dentioulations  on  the  ex- 
«rior  edge.  This  tooth  varies  greatly  from  the  more  typical  forms 
)f  Prioniodvs,  in  its  triangular  form  and  in  having  the  basal  portion 
)ut  very  indistinctly  marked  off  from  the  tooth  itself;  the  smaller 
ienticulations  havo  also  the  appearance  of  being  only  prolongations 
)f  the  thin  border  of  the  main  tooth.  Length  l|  line,  greatest 
^idth  I  line. 

Loc.  North  Evans,  New  York :  in  the  "  Conodont-bed "  of  the 
Eamilton  group. 

Genus  Polygnathtts,  Hinde,  nov.  gen. 

I  propose  this  genus  for  an  animal  possessing  numerous  minute 
and  variously  formed  Conodont  teeth  and  similarly  minute  tuber- 
culated  plates  grouped  together,  but  of  which  the  natural  arrange- 
ment is  not  at  present  known. 

This  meagre  definition  is  all  that  is  afforded  by  the  single  exampk 
of  the  genus  met  with,  in  which  about  twenty-four  entire  and  frag- 
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mentary  teeth  and  six  plates  haiFe  been  crashed  t<^ther  in  a  small 
patch  of  about  one  fourth  of  an  inch  in  diameter,  in  black  shale. 
The  specimen  was  discovered  in  splitting  open  a  slab  of  the  rock, 
the  division  taking  place  in  the  centre  of  the  specimen.  No  indica- 
tion can  be  seen  of  the  natural  position  of  the  teeth  and  plates ;  but 
it  can  hardly  be  doubted  that  they  all  belonged  to  one  individual,  as 
it  would  be  beyond  all  reasonable  probability  that  so  many  diversely 
formed  teeth,  of  such  delicate  stracture,  could  have  been  thus  brought 
together  into  so  small  a  space  by  mechanical  means,  more  particularly 
when  it  is  a  very  rare  circumstance  to  find,  in  the  same  rock,  even 
two  detached  teeth  at  all  dose  together ;  and  in  only  one  other  in- 
stance have  I  found  two  Conodonts  partially  connected  together,  and 
these  are  forms  which  are  present  in  this  compound  example.  If, 
however,  these  various  teeth  and  plates  were  attached  in  their  natu- 
ral positions  by  soft  tissues  merely,  by  the  decay  of  these  they 
would  be  liable  to  be  crushed  together  into  a  shapeless  mass  like 
that  presented  by  the  specimen. 

FoLToiTATnxrs  DTTBixTSy  Hiudo.     (PL  XVI.  figs.  6-18.) 

The  only  example  discovered  in  which  the  teeth  of  this  remarkable 
form  are  grouped  together  has  been  crashed  to  such  an  extent  that 
the  individual  teeth  and  plates  can  be  only  partially  distinguished ; 
but  the  various  kinds  are  met  with  in  a  very  perfect  condition,  as 
80  many  separate  specimens,  scattered  through  the  rock.  As  these 
detach^  teeth  occur  not  only  in  the  rock  in  which  the  grouped 
specimen  is  found,  but  are  widely  distributed  even  in  Lower  Carbo- 
niferous rocks,  I  append  descriptions  and  figures  of  the  individual 
teeth  and  plates. 

For  the  convenience  of  reference  I  refer  the  teeth  to  pectinate, 
fimbriate,  and  crested  forms. 

1.  Pectinate  teeth.^^t  these  the  kind  figured  in  PI.  XVI.  figs.  6-9 
has  a  harrow,  slightly  arched  base  and  a  main  tooth  which  is  some- 
times produced  below  the  level  of  the  base ;  the  secondary  teeth  are 
slender  and  acute,  and  vary  from  14  to  20  in  number.  This  kind 
averages  about  |  line  in  length,  and  is  abundant  in  the  *^  Conodont- 
bed  "  of  the  Hamilton  group  as  well  as  in  the  Genesee  Shale  at 
North  Evans. 

Another  variety  of  pectinate  compoitnd  teeth,  shown  in  PI.  XVI. 
figs.  10,  11,  12,  has  the  base  straight  and  almost  linear ;  there  is  no 
distinctive  central  tooth,  but  a  series  of  similarly  shaped  teeth, 
sometimes  as  many  as  14,  of  which  the  central  ones  are  the  longest. 
Occasionally  smaller  denticles  axe  intercalated.  The  base  of  tibese 
forms  is  about  |  line  in  length,  and  the  longest  teeth  from  §  to  i{  line 
long.  This  variety  is  very  widely  distributed.  It  has  been  described 
by  Pander  under  the  name  of  Centrodus  simjpUx  ('  Monograph.' p.  31, 
tab.  2  a.  figs.  2,  3,  5, 6),  from  the  Lower  Carboniferous  in  Russia ;  it 
occurs  in  the  same  formation  at  Bedford,  Ohio,  and  also  appears  in 
Genesee  Shale  at  Kettle  Point,  Ontario,  as  well  as  at  North  Evans, 
New  York. 

2.  FimhriaU  teeth  (PI.  XVI.  figs.  13, 14).— -The  base  of  these  com- 
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and  teeth  is  straight,  narrow,  elongate,  and  pointed  at  one  extre- 
tj ;  near  the  opposite  end  is  a  delicate,  needle-like  main  tooth  with 
ree  smaller  teeth  on  one  side  hetween  it  and  the  end  of  the  hase ; 
the  other  side,  extending  to  the  pointed  tip  of  the  hase,  is  a  series  of 
ry  numerous,  extremely  minute  denticles,  appearing  like  a  fringe 
the  upper  border  of  the  base.  In  some  examples  these  small 
atides  are  nearly  uniform  in  size,  in  others  every  fourth  tooth  is 
ger ;  but  there  exists  considerable  yariation  in  this  respect,  even 
the  same  specimen.  In  the  example  figured  (fig.  13),  of  which 
i  base  is  1|  line  in  length,  there  are  70  of  the  small  denticles, 
is  form  is  very  abundant  and  quite  as  widely  distributed  as  the 
^ceding.  It  appears  to  be  identical  with  the  fragmentary  tooth 
med  by  Pander  CetUrodus  lineatus  (*  Monographie,'  p.  31,  tab.  2  a. 
.  9),  from  the  Lower  Carboniferous  in  Eussia ;  it  is  in  the  same 
mation  at  Bedford,  Ohio,  and  is  also  found  at  Kettle  Point  and 
ar  Creek,  Ontario,  and  at  North  Evans,  New  York,  in  the 
nesee  Shale. 

3.  CresUd  teeth  (PI.  XVI.  figs.  15, 16, 17).— Of  these  there  are  two 
ieties  present  in  Polygnathus  dubius.  The  first  (fig.  15)  has  the 
^e  compressed  and  nearly  of  equal  width,  save  at  one  end,  which 
abruptly  contracted.  There  are  about  twenty  small  teeth  or  crenu- 
ions  on  the  base.  The  second  variety  (figs.  16,  17)  has  one  part 
the  base  narrow  and  thickened,  with  sometimes  a  row  of  minute 
nulations  on  its  upper  edge  ;  beyond  this  the  base  forms  a  small, 
ttened,  crest-like  expansion  with  from  5  to  8  teeth  on  its  border, 
th  these  varieties  are  closely  allied  to  the  form  named  by  Pander 
\aihodus  mosquenaie  (*  Monographic,'  p.  24,  tab.  2  a.  figs.  10  a,  6,  c). 
e  second  is  the  more  abundant  of  the  two,  and  three  or  four  indi- 
iuals  can  be  distinguished  in  the  crushed  example  of  Polygnathus. 
The  small  plates  associated  with  the  teeth  in  Polygnathus  duhius 
i  of  an  elliptical  form  with  smooth  edges  (PI.  XVI.  fig.  18).  One 
-face  is  slightly  convex,  with  a  slight  longitudinal  median  ridge ; 
)  surface,  as  well  as  the  ridge,  is  covered  with  small  tubercles  fre- 
ently  with  a  linear  arrangement ;  the  reverse  side  of  the  plate  is 
ooth,  with  faint  traces  of  concentric  lines;  the  two  ends  are 
^htly  elevated,  and  there  is  a  median  ridge  with  a  small  diamond- 
iped  pit  in  or  near  the  centre  of  the  plate.  Each  plate  is  about 
ine  long  and  §  line  wide.  Six  of  these  plates,  but  all  apparently 
the  same  form,  can  be  distinguished  in  the  specimen  of  Polygnathus, 
Besides  the  teeth  already  referred  to,  there  are  fragments  of  others 
»  imperfect  to  be  recognized,  and  these  may  possibly  belong  to 
ae  forms  which,  occurring  as  detached  specimens,  I  have  described 
der  other  names. 

The  existence  of  such  a  variety  of  teeth  and  plates  in  this  single 
imple  appears  to  make  the  question  of  the  affinities  of  the  organism 
which  they  belonged  still  more  complex.  Great  numbers  of  teeth 
npose  the  lingual  ribbon  of  many  mollusks ;  but  in  none,  that 
im  aware  of,  is  there  a  similar  variety  of  form,  nor  are  there 
y  bodies  analogous  to  the  tuberculated  plates.  Nor  in  existing 
pdnoids^  to  whose  teeth  the  Conodonts  are  comparable^  are  similar 
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plates  present.  WhatcTer  the  animal  may  have  been,  it  appears  to 
have  had  a  very  wide  distribution  both  in  Devonian  and  Carboni- 
ferous times. 

Locality  and  Formation.  The  single  specimen,  in  which  the  above- 
mentioned  teeth  and  plates  are  shown  together,  is  from  the  Genesee 
Shale  (Devonian)  at  North  Evans,  N.Y. 

POLYGKA-THUS  DUTIJCATUS,  Hindo.      (PI.  XVI.  fig.  19.) 

Base  of  the  compound  tooth  bent  at  an  obtuse  angle,  narrow,  and 
slightly  convex ;  in  the  centre  a  needle-like  tooth  oblique  to  the  base, 
with  a  similar  but  slightly  shorter  tooth  adjacent  to  it;  this  is  followed 
by  six  acute  denticles  on  one  side  of  the  base,  and  on  the  opposite 
side  are  eleven  very  small  denticles  nearly  at  right  angles  to  the 
base.     Length  of  base  |  line. 

This  form  is  closely  allied  to  some  of  the  pectinate  teeth  of  P. 
dubius  and  may  belong  to  a  mere  variety  of  that  species.  The  de- 
tached position  of  this  and  the  forms  described  below  makes  it  a 
necessity  to  place  them  under  different  names,  though  there  is  great 
probability  that  they  do  not  belong  to  more  than  one  or  two  species. 

Zroc,  Bear  Creek,  Ontario :  Genesee  Shale. 

POLTONATHUS  BADIATUS,  Hiudo.      (PL  XVI.  ^g.  20.) 

Tooth  very  minute ;  the  base  curved,  narrow,  and  compressed  in 
the  centre  ;  a  broad,  slightly  convex,  main  tooth  inclined  to  the  base; 
on  one  side  of  this  there  are  six,  and  on  the  other  four  flattened, 
curved  denticles.     Length  of  base  J  line. 

Loc.  Kettle  Point,  Ontario  :  Genesee  Shale. 

Polygnathus  nucEBsiTs,  Hiude.     (PI.  XVI.  fig.  21.) 

Tooth  minute ;  base  slightly  curved  and  very  wide ;  nearly  in  the 
centre  is  a  short,  blunted,  main  tooth,  on  one  side  of  which  there 
are  ten,  and  on  the  other  eight  very  delicate,  elongated  dentides. 
All  these  teeth  are  so  deeply  imbedded  in  the  delicate  transparent 
base  that  only  the  tips  project  beyond  it.  Length  of  base  g  line,  of 
the  main  tooth  j  line. 

This  form  closely  resembles  Ctenognaihus  Vet-neidlU^  Pander,  from 
the  Devonian  of  Russia  (*  Monographic,'  p.  32,  tab.  2  a.  fig.  16). 

Loe,  Kettle  Point,  and  in  erratic  boulders  on  the  north  shores  of 
Lake  Erie,  Ontario  :  Genesee  Shale. 

Polygnathus  nasutus,  Hinde.    (PL  XVI.  fig.  22.) 

Base  of  tooth  narrow,  elongated,  and  straight,  terminated  at  one 
end  by  a  broad,  flattened,  depressed  main  tooth,  which  projects  in  a 
line  with  the  base ;  below  the  main  tooth,  and  making  an  acute 
angle  with  the  base,  is  a  small  arm  carr^-ing  three  dentides  ;  on  the 
base  itself  are  twenty  denticles  of  various  lengths.  Length  of  base 
1^  line. 

Loc.  North  Evans,  New  York :  Genesee  Shale. 
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LTGNATHUS  PRINCBP8,  Hindo.     (PI.  XVI.  fig.  23.) 

}ii  a  narrow,  elongated  base  there  is  a  scries  of  eleven  relatively 
^  and  robnst  teeth,  somewhat  oval  in  section.  The  central  teeth 
I  larger  than  those  near  the  extremities  of  the  base.  Length  of 
10  2  lines,  of  the  largest  tooth  §  line.  Centrodus  simplex,  Pander 
llonogrophie,'  p.  31,  tab.  2  a.  fig.  3),  seems  to  be  a  fragment  of  a 
lilarly  large  tooth  from  the  Carboniferous  of  Russia. 
Loc,  North  Evans,  New  York :  from  the  "  Conodont-bed  "  of  the 
milton  group  and  the  Genesee  Shale. 

LTGKATHXJS  COBOKATUS,  Hiudo.      (PL  XVII.  fig.  1.) 

Base  very  narrow  and  gracefully  arched,  with  seven  subequal, 
atively  large,  robust,  curved  teeth.  The  teeth  in  this  form  are  of 
ivory-white,  whilst  the  base  is  brownish  and  translucent.  It  is 
sely  allied  to  Centrodus  convexus,  Pander  ('  Monographie,'  p.  31, 
).  2  a.  fig.  4);  but  has  a  narrower  base,  more  teeth,  and  no  inter- 
atcd  small  ones.  Length  of  base  |  line,  of  the  longest  tooth 
ine. 

Loe.  Kettle  Point,  and  in  erratic  boulders  on  north  shore  of  Lake 
ie,  Ontario :  Genesee  Shale. 

iLTGVATHTTS  SOLIDUS,  Hiudo.      (PL  XVII.  ^g.  2.) 

On  a  short,  very  thick,  and  wide  base  there  is  a  closely  arranged 
ries,  varying  from  seven  to  eleven  in  number,  of  subequal,  short, 
rat  and  obtuse  teeth.     Very  abundant. 

Loe,  North  Evans,  New  York  :  from  the  "  Conodont-bed  "  of  the 
Bonilton  group. 

)LY03rATnxTs  CRASsus,  Hiudo.     (PL  XVII.  fig.  3.) 

Base  of  tooth  narrow,  curved,  and  relatively  very  thick,  with  a 

ominent  ridge,  in  which  are  six  obtnse  teeth  or  crenulations  ;  the 

6terior  extremity  crest-like,  with  two  stout  teeth  on  the  summit. 

mgth  4  line. 

This  form  is  allied  to  the  crested  teeth  of  P.  dtihius ;  but  it  is  a 

orter  and  more  robust  form. 

Loc,  North  Evans,  New  York :  **  Conodont-bed  "  of  the  Hamilton 

•oup. 

DLTGKATHTTS  ?  SERBATUS,  Hiude.      (PI.  XVII.  figS.  4  &  5). 

Tooth  or  jaw  formed  of  a  thin,  curved,  and  highly  convex  basal 
ate,  truncated  at  one  end,  and  with  a  blunt  projection  at  the 
iposite  extremity.  On  the  upper  edge  are  about  thirty  minute 
■enulations  or  blunted  teeth.     Length  1  line,  width  §  line. 

This  species  and  the  two  following  differ  from  the  more  typical 
inns  of  Conodonts ;  but  as  they  appear  to  be  connected  with  the 
crested  "  teeth  of  P.  duhius,  I  place  them  provisionally  under  that 
snus.  They  have  also  a  resemblance  to  Onathodus  niosquensis, 
ander  (*  Monographic,'  p.  33,  tab.  2  a.  figs.  10  «,  h,  c).  P.  ?  serratus 
[>pear8  at  present  only  in  one  place,  where,  however,  it  is  abundant. 

Loe,  Kettle  Point,  Ontario :  Genesee  Shale. 
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POLTGNATHTrS  ?  BBIENSIS,  Hiiide.      (PL  XVII.  fig.  6.) 

Tooth  or  jaw  formed  of  an  oblong,  compressed  plate,  with  ten 
stout,  blunt  teeth  on  its  upper  border.  This  plate  is  attached  nearly 
at  right  angles  to  a  chitinous  appendage,  nearly  of  a  triangular  form, 
whilst  i.he  toothed  portion  of  the  jaw  is  of  the  usual  brownish  semi- 
translucent  character  common  to  the  majority  of  the  Conodonts ; 
the  appendage  has  a  black  chitinous  appearance.    Length  1|  line. 

Loe,  From  an  erratic  nodule  of  black  Genesee  Shale  on  north 
shore  of  Lake  Erie,  Ontario. 

PoLTOWATHTS?  CI7RVATU8,  EEindc.     (PL  XVII.  ^g.  7.) 

Tooth  or  jaw  formed  of  a  wide,  oblong,  slightly  curved  plate  with 
about  fourteen  blunt  teeth  or  crenulations  on  the  upper  border ;  this 
plate  is  attached  at  right  angles  to  a  compressed,  sickle-shaped,  grooved 
appendage  of  a  similar  structure  to  that  of  the  preceding  species, 
from  which,  however,  it  differs  in  shape.    Length  1|  line. 

I  have  only  met  with  a  single  specimen. 

I/oe.  Bear  Creek,  Ontario  :  Genesee  Shale. 

PoLTONATHTJS  PENWATus,  Hindc.     (PL  XVII.  fig.  8.) 

An  elongated  oval  plate  with  a  longitudinal  depressed  furrow,  in 
the  centre  of  which  rises  a  slender  keel,  which  is  produced  beyond 
the  main  portion  of  the  plate  and  has  a  few  blunt  tubercles  on  its 
crest.  Transverse  ridges  run  from  the  outer  edge  of  the  plate  to 
the  central  furrow.    Abundant. 

Loe.  North  Evans,  New  York :  firom  the  ''  Conodonir-bed  "  of  the 
Hamilton  group. 

POLTOVATHVS  TUBEBCITLATUS,  Hlndc.      (PI.  XVII.  figS.  9  A  10.) 

Plate  somewhat  circular  in  outlina,  with  a  prominent  central 
keel  produced  and  tuberculated ;  in  the  lower  portion  of  the  plate 
ia  a  partially  detached  lobe  on  either  side  of  the  central  line ;  the 
plate  is  provided  with  rows  of  tubercles  which  converge  towards  the 
centre.  The  reverse  side  of  a  form  which  appears  to  belong  to  this 
species  (fig.  10)  has  a  central  ridge  with  a  small  diamond-shaped 
pit  just  below  the  centre  of  the  plate ;  the  surface  of  this  reverse 
side  is  smooth,  with  traces  of  concentric  lines.  Length  of  plate  and 
keel  I  line,  and  i  line  in  width. 

Loe,  North  Evans,  New  York :  from  the  "  Conodontr-bed  **  of  the 
Hamilton  group. 

POLTONATHXJS  CBI8TATXTS,  Hiudc.      (PL  XVII.  fig.  11.) 

Plate  oval  in  outline,  depressed,  convex;  the  central  keel  very 
prominent  and  with  stout  teeth  or  crenulations  on  its  crest;  on  the 
plate  are  two  rows,  on  either  side  of  the  central  keel,  of  prominent 
tubercles.     Length  J  line,  width  ^  line. 

Loe.  North  Evans,  New  York  :  from  the  "  Conodont-bod.'' 

POLTONATHUS  TBUNCATUS,  Hiudc.      (PL  XVII.  figS.  12  &  13.) 

Plate  cordate  in  outline,  with  a  median  keel  which  is  not  continued 
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Iwyond  ihe  plate ;  the  convex  surface  covered  with  small  tubercles. 
Length  jt  line.  A  variety  of  this  form  (fig.  13)  appears  to  have  no 
keel  whatever,  but  a  simple  tuberculated  surface. 

Loc.  Bear  Creek,  Ontario :  from  the  Genesee  Shale.  Also  from 
North  Evans,  New  York :  from  the  "Conodont-bed"  of  the  Hamilton 
group. 

Polygnathus  ptTNCTAxrs,  Hinde.     (PI.  XVII.  fig.  14.) 

Plate  unsymmetrical,  flat  and  thin;  a  delicate  keel  which  does 
not  reach  to  the  tip,  but  is  produced  beyond  the  lower  portion  of  the 
plate  and  has  two  or  three  nodes  on  it ;  the  surface  of  the  plate  is 
ooTercd  with  very  minute  tubercles.     Length  §  line. 

Loc.  North  Evans,  New  York :  Genesee  Shale. 

POLYOXATHUS  LIKGUIPORMIS,  Hiudo.       (PI.  XVII.  fig.  15.) 

Plate  elongate,  one  extremity  produced  into  a  tongue-like  pro- 
jection, bending  downwards ;  the  sides  of  the  plate  curving  upwards, 
forming  a  central  trough,  from  the  bottom  of  which  the  keel  rises, 
this  extends  some  distance  beyond  the  sides  of  the  plate  and  has  an 
expanded  crenulated  crest.  The  anterior  tongue-like  projection  has 
several  strongly-marked  transverse  ridges ;  the  lateral  surfaces  have 
a  few  scattered  tubercles.  Length  about  1  line.  This  peculiar 
fcrm  is  very  abundant. 

Loc.  North  Evans,  New  York:  from  the  Conodont-bed  of  the 
Hamilton  group.  Also  in  erratic  boulders  in  Qenesee  Shale  on  north 
shore  of  Lake  Erie,  Ontario. 

POLYGKATHTJS  PALMATUS,  Hiudo.      (PI.  XVII.  figS.  16  &  17.) 

Plates  elongated,  with  an  uns3rmmetrical,  partially  lobed  outline, 
depressed  in  the  central  portion,  a  longitudinal  keel,  and  sometimes 
a  delicate  transverse  one,  extending  from  one  side  only  to  the  central 
depression ;  surface  smooth  and  polished  and  with  traces  of  con- 
centric lines  ;  the  reverse  side  of  this  form  also  appears  to  be  smooth. 
Length  varying  from  |  line  to  1^  line,  and  width  between  }  line 
and  ^  line. 

In  the  smooth  surface  and  very  irregular  outline  this  differs  from 
all  the  preceding  varieties  of  these  plates.  This  form  is  very 
abnndant  and  widely  distributed. 

Loc.  Kettle  Point,  Bear  Creek,  Ontario ;  North  Evans,  New  York ; 
near  Louisville,  Kentucky :  Genesee  Shale. 

Polygnathus  ?  simplbx,  Hinde.     (PI.  XVII.  fig.  18.) 

Jaw  ?  resembling  a  tenter-hook  in  shape  and  nearly  oval  in  section ; 
the  proximal  extremity  is  smooth  and  rounded  like  that  of  an  arti- 
cular surface  ;  a  prominent  ridge  extends  in  a  median  line  from  this 
end  to  near  the  tip  of  the  hook ;  the  surface  of  the  jaw  above  this 
ridge  is  smooth  and  glistening,  whilst  below  it  very  fine  parallel 
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lines  'can  be  seen.  Length  of  the  strad^t  portion  f  line,  of  the 
hook  }  line. 

These  small  shining  bodies  are  very  abundant  in  the  same  beds 
with  the  Conodont  teeth  and  plates,  and  though  diverse  in  form, 
they  correspond  in  apparent  stmctnre  and  relative  dimensions ; 
therefore  I  regard  them  as  related  to  the  same  organisms,  and  place 
tbem  provisionally  under  the  same  genus  with  the  equally  proble- 
matical plates  and  teeth. 

Loc.  North  Evans,  New  York  :  from  the  "  Conodont-bed  "  of  the 
Hamilton  group. 


EXPLANATION  OF  THE  PLATES. 

Plati  XV. 

Figs.  1-6.  Prioniodusradicans,  H.    Figs.  2,  3,  4.  5  are  front  views ;  fig.  1  and  6 
show  the  roTerse  side  with  the  longitudinal  groove :  x  10.     Oren- 
ville,  Province  Quebec    (Chasj.) 
7,  8.  Drepanodus  arcuaiuSf  Pander :  X  10.    Toronta    ^Cincinnati.) 
9.  Duttacodus  ineurvus.  Pander :  x  10.     Toronto.    (Cincinnati.) 
10.  PrioHiodus  elegans^  Pander :  X  20.    Toronto.    (CmdnnatL) 

11,  12. ?poUtua,  H. :  X  20.    Toronto.    (CindnnatL) 

la Jircatus,  H. :  X  20.    Toronto.    (Cincinnati) 

14.  erraticus,  H. :    X  20.    North  Evans,  N.Y.    (Hamilton  mod 

Carboniferous.) 

16. abbreviahu,  H. :  X  20.    North  Evans.  N.Y.    (Hamilton.) 

16. clavatus,  H. :  X  20.    North  Evans,  N.Y.    (Hamilton.) 

17. anffuUUus,  H. :    X  20.    North  Erans,  N.Y.     (Qenesee  and 

Carboniferous.) 

18,  19.  acicularis,  H. :  x  20.    Kettle  Point,  Ontario.    (Genesee.) 

20, 21. amuUus,  H. :  x  20.    North  Evans,  N.Y.    (Genesee.) 

Plate  XVI. 

Figs.  1,2,3.  JVtofitM^ussptca^tM,  H.:  X  20.    North  Erans,  N.Y.    (Genesee.) 

4. Panderi,  H. :    X  20.    North   Evans,  N.Y.    (Genesee    and 

Hamilton.) 

6.  ?  aUUtts,  H. :  x  10.    North  Evans,  N.Y.    (Hamilton.) 

6-18.  Polygnathus  dulntu,  H. :  X  20.  Figs.  6-1 2  represent  different  forma 
of  pectinate  teetii ;  figs.  13  and  14  fimbriate  teeth  ;  figs.  15,  16» 
17  crested  teeth ;  and  fig.  18  shows  the  reverse  side  of  one  of  the 

Slates  of  this  species.    Kettle  Point,  Ontario;  North  ETans, 
f.Y. ;  and  Bedford,  Ohio.    (E[amilton,  Genesee,  and  Carboni- 
ferous.) 

19.  duplicaius,  H :  X  20.    Bear  Creek,  Ontario.    (Genosee.) 

20. radiatus,  H. :   X  20.    Kettle  Point,  Ontario.    (Genesee.) 

21.  immersus,  H. :  x  20.    Kettle  Point,  Ontario.    (Genesee.) 

22. nastUus,  H. :  x  20.    North  Evans,  N.Y.    (Genesee.) 

23. princeps,  H. :    X  20.    North  Evans,  N.Y.    (Genesee  and 

Hsimilton.) 

pLAT»-XVn. 

Pig.  1.  Pt>lygnaihuicoronaiiu,JL.:  X  20.    Kettle  Point,  Ontario.    (Genefee.) 

2.  9oUdM9,  H. :  X  20.    North  Evans,  N.Y.    (Hamilton.) 

3.  crattus,  H. :  x  20.    North  Evans,  N.Y.    (Hamilton.) 

4, 5. ?  aerratuB,  H. :  X  20.    Ketde  Point,  Ontario.    (Genesee.) 
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Fig.  6.  Pofyffnaikus?   erienais,    H.:    X   20.     Lake    Erie   shore,  Ontario. 
(Genesee.) 

7. ?  eurvatua,  H. :  X  20.    Bear  Greek,  Ontario.    (Genesee.) 

8.  pmnatus,  H.:  X  20.    North  Erane,  N.Y.    (Hamilton.) 

9, 10.  tvberculatus,  H. :  X  20.    North  Srans,  N.Y.    (Hamilton.) 

11. ciridatui,  H. :  X  20.    North  Evans,  N.Y.    (Hamilton.) 

12. tnmeatuB,  H. :  X  20.    Bear  Creek,  Ontario.    (Geneeee.) 

13. truneatus.  Tar. :   X  20.    North  ETans,  N.Y.    (Hamilton.) 

14. punctatus,  H. :   X  20.    North  Eyans,  N.Y.    (Oenesee.) 

15.  linffuiformia,  H. :  X  20.    North  Erans,  N.Y.    (Hamilton  and 

Geneeee.) 

16, 17.  palmiOus,  H.:  X  20.    Kettle  Point,  Ontario.    (Genesee.) 

18.  ?  nmplex,  H.:  X  20.    North  E?ans,  N.Y.     (Hamilton.) 


(For  DiBGirBsioK  on  this  paper,  see  p.  389.) 
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30,  On  Aknelid  Jaws  from  the  Cambeo-Selubiait,  Silfbiait,  and 
Dbtokian  Formations  in  Canada  and  from  the  Lower  Carboki- 
FERous  in  Scotland.  By  Georqe  Jennings  Hinde,  Esq.,  F.Q  A 
(Read  March  12, 1879.) 

[Plates  XVIIL-XX.] 

Introduction, 

Up  to  a  comparatively  recent  period  our  knowledge  of  fossil  Errant 
Annelids  has  been  limited  to  those  evidences  of  their  existence  afforded 
by  the  casts  of  vertical  borings,  or  of  more  or  less  horizontal  winding 
markings  with  which  the  surfaces  even  of  some  of  the  earliest  stra- 
tified rocks  are  abundantly  covered.  The  resemblance  of  many  of 
these  borings  and  tracks  to  those  made  in  the  sandy  mud  of  the  sea- 
shore by  existing  Annelids  is  so  great,  that  their  origin  could  not  be 
disputed ;  but  some  of  these  markings  have  given  rise  to  various 
opinions  as  to  their  origin,  some  believing  them  to  be  the  impressions 
of  fucoids,  whilst  by  certain  German  palaeontologists  they  have  been 
seriously  regarded  as  the  casts  of  Graptolites.  Whilst  the  impres- 
sions are  of  common  occurrence,  more  particularly  in  the  Palaeozoic 
rooks,  discoveries  of  any  clearly  marked  portions  of  the  Errant 
Annelids  themselves  have  been  comparatively  few ;  but  when  it  is 
considered  that  almost  the  only  portions  of  the  organism  of  the  ex- 
isting representatives  of  these  animals  capable  of  fossilization  are 
the  chitinous  jaws  and  aetse,  and  that  these  are  generally  very 
minute,  it  is  not  at  all  surprising  that  similcur  small  objects,  even 
where  they  have  been  preserved,  should  have  eluded  observation. 
It  has  been  my  good  fortune  to  meet  with  a  great  variety  of  these 
jaws  in  rocks  of  Palaeozoic  age  in  Canada,  and  also  to  find  a  few 
traces  of  them  in  Scotland,  of  which  I  purpose  giving  a  description 
in  the  present  communication. 

Bibliograjphy, 

Leaving  on  one  side  the  descriptions  which  have  appeared  relating 
to  the  tracks  of  Annelids,  the  first  notice  which  I  have  seen  of  the  dis- 
covery of  the  jaws  of  these  animals  is  given  by  Dr.  Heinrich  Pander 
in  his  ^Monographie  der  fossilen  Fische  des  silurischen  Systems 
der  Russisch-Baltischen  Gouvemements,*  1856*.  Though  Pander 
did  not  recognize  his  specimens  as  Annelid  jaws,  and  merely  noticed 
the  difference  between  them  and  Conodonts,  there  can  be  no  doubt, 
from  his  description  and  figures  of  Aulacodus  obliquus,  that  these 
small  objects,  of  about  a  line  in  length,  are,  in  reality,  jaws  closely 
similar  to  those  which  I  have  placed  under  the  genus  Eunicites. 
Pander's  specimens  came  from  Upper  Silurian  strata  in  the  Isle  of 
(£sel. 

The  next  account  we  possess  of  fossil  errant  Annelids  is  by  Dr. 
*  Page  72,  pi.  ir.  fig.  16,  «,  b,c,cU 
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Thiers,  who,  in  an  article  **^  Ueber  fossile  Wiirmer  aus  dem  litho- 
raphischen  Schiefer  in  Bayem"*,  describes  the  genera  Eunidtes^ 
fumbriconereites,  and  Meringosoma,  In  these  celebrated  lithographic 
lales  the  entire  form  of  the  Annelid  has  been  preserved,  so  that 
ren  the  arrangement  of  the  groups  of  setsB  can  be  distinguished ; 
at  though  the  lower  jaws  of  the  specimens,  on  account  of  their 
osseesing  a  more  calcareous  structure,  stUl  remain,  the  chitinous 
pper  jaws  have  disappeared,  leaving  only  their  impressions  on  the 
latrix. 

Lastly,  Mr.  G.  B.  Grinnell,  of  Yale  College,  Connecticut,  described, 
I  1877 1»  two  specimens  of  Annelid  jaws  from  the  Cincinnati  group 
r  the  Cambro-Silurian,  which  he  constituted  the  types  of  a  new 
Bnus,  Nereidavus.  It  is  in  the  same  group  of  rocks,  but  about 
QO  miles  distant  from  Cincinnati,  that  the  majority  of  my  own 
)ecimens  have  been  met  with. 

So  far  as  1  am  aware,  the  above  are  the  only  records  we  have  of 
le  discovery  of  the  actual  remains  of  Errant  Annelids,  notwith- 
Auding  the  great  probability  of  the  continued  existence  of  these 
limals  from  Cambrian  times. 

Strata  in  which  the  Annelid  Jaws  are  met  with. 

The  lowest  strata  in  the  geological  scale  in  which  I  have  found 
lese  fossil  jaws  are  a  series  of  micaceous  flags  and  shales,  with  thin 
itervening  beds  of  limestone,  belonging  to  the  Cincinnati,  or,  as  it 
as  formerly  called,  the  Hudson-River  group,  probably  the  equiva- 
int  of  the  Bala  in  this  country.  The  jaws  occur  lees  frequently  in 
le  fossiliferous  limestone  bands  than  in  the  flags  and  shales,  whose 
irfaces  are  often  covered  with  very  various  forms  of  tracks.  In 
lese  flags,  too,  a  species  of  Graptolite,  Diplograpsus  hudsonicua^ 
icholson  J,  is  abundant ;  and  it  may  be  interesting  to  notice  that 
lere  is  a  groat  apparent  resemblance  in  the  character  of  the  material 
I  which  these  Graptolites  and  worm-jaws  are  composed.  There  are 
[so  a  few  simple  and  compound  Conodonts  in  the  same  beds ;  but 
lese  are  rare  in  comparison  with  the  Annelid  remains.  Though  in 
►me  strata  the  worm-jaws  are  much  more  abundant  than  in  others, 
ley  appear  to  be  very  generally  distributed  throughout  tbis  series 
;  rocks,  and  I  have  met  with  them  in  nearly  every  exposure  in  the 
icinity  of  Toronto. 

The  next  higher  beds  belonging  to  the  Clinton  and  Niagara  for- 
lations  (Wclflock)  in  which  these  jaws  are  present  are  separated 
om  the  strata  at  Toronto  by  a  thickness  of  about  800  feet  of  shales 
ttd  sandstones.  Those  belonging  to  the  Clinton  group  which  con- 
kin  these  fossils  are  hard  grey  sandstones  and  soft  shales,  with 
irfaces  showing  the  usual  worm-tracks,  and  for  the  most  part 
Bvoid  of  other  fossils.  In  the  Niagara  group  I  have  found  the  jaws 
i  a  single  thin  bed  of  dark  bituminous  soft  shale,  in  which  are  also 

*  Palsontographica,  Dunker  und  Zittel,  Band  xrii.  1867-70,  p.  145. 
t  American  Journal  of  Science.  Sept.  1877|  p.  229. 
X  PaliBontology  of  Ontario,  1875,  p.  38. 
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some  Graptolite  remainB  as  well  as  portions  of  ti^e  oarapaoe  and 
masticating  apparatus  of  a  species  of  Ceraiioearii. 

The  few,  but  well-preserved,  examples  of  jaws  from  the  Hamilton 
group  of  the  Middle  Devonian  oocor  in  a  very  soft  mudstone,  asso- 
ciated with  the  spores  of  Lycopods  and  Tentaoulites. 

In  the  Lower  Carboniferous  of  Scotland  the  jaws  are  imbedded  in 
some  thin  layers  of  calcareous  shale,  with  Braohiopods  and  other 
fossils.  As,  howerer,  there  are  beds  of  coal  in  the  section  within 
a  few  feet  of  this  shale,  it  is  not  likely  to  have  been  laid  down  in 
deep  water. 

It  will  thus  be  seen  that  the  strata  in  which  these  fossil  Annelids 
are  present  are  all  more  or  less  shallow-water  deposits ;  and  we 
know  that  similar  sandy  and  muddy  beds  are  the  fayourito  habitats 
of  these  creatures  at  the  present  time. 

Description  of  the  Jaws. 

The  Annelid  jaws  occur  as  small,  dark,  shining  objects,  very  Taried 
in  form,  dispersed  through  the  rock,  quite  detached  from  each  other 
and  frcmi  the  positions  they  occupied  in  the  head  of  the  animaL 
Occasionally  they  are  met  with  singly,  but  more  frequently  numbers 
of  them  are  associated  on  the  surface  of  the  same  dab  of  rock,  and 
sometimes  the  rock  is  literally  covered  with  the  dark  shining  frag- 
ments ;  roost  of  these,  on  dose  examination,  are  thin  chitinous  par- 
ticles without  definite  shape,  and  may  have  been  portions  of  the 
integument  of  the  animal  as  well  as  broken-up  fragments  of  the 
jaws.  Except  in  cases  where  they  have  been  long  exposed  to  wea- 
thering influences,  the  jaws  are  of  a  bright  glossy  black  tint,  not 
showing  any  difference  in  those  parts  which  must  have  been  im- 
bedded in  muscular  tissue,  and  which  in  recent  examples  are  gene- 
rally of  a  lighter  horn-colour,  whilst  the  free  portions  of  the  jaws  of 
the  fossil  and  recent  specimens  very  closely  resemble  each  other  in 
appearance.  When  greatly  weathered  the  black  is  changed  to  a 
rusty-reddish  tint;  but  they  are  capable  of  resisting  atmospheric 
influence  to  a  great  d^ree,  and  frequently  stand  out  boldly  in  relief 
on  the  surface  of  very  hard  rock. 

The  material  of  which  the  jaws  are  composed  appears  to  be  nearly 
entirely  of  a  chitinous  character,  and  so  far  free  from  calcareous 
matter  that  it  undergoes  no  change  in  nitric  acid. 

There  is  very  great  variation  in  the  dimensions  of  the  jaws  ;  the 
greater  number  do  not  average  more  than  -^  inch  in  length,  but  a 
few  are  ^  inch  long  and  -^^  inch  wide.  In  order  to  form  an  idea  of 
the  relative  length  of  worms  with  similar  jaws,  I  measured  the 
principal  jaw-plate  in  a  specimen  of  the  existing  Eunicea  sanguinea, 
whose  body  was  8  inches  long ;  the  jaw-plate  was  ^  inch  long  and 
W  inch  wide.  If  the  length  of  these  animals  is  in  proportion  to 
that  of  their  jaws,  then  the  largest  of  the  fossil  jaws  would  belong 
to  an  Annelid  of  about  13  inches  in  length,  whilst  the  greater  part 
would  not  be  more  than  3|  inches  long. 

I  may  here  enumerate  the  principal  forms  of  the  fossil  jaw-plates. 


Digitized  by 


Google 


PALJBOZOIO  BOCKS  DT  CANADA  AND  BCOTL^ 

iving  simply  those  of  which  there  are  oompan 
camples. 

1.  Comparatiyely  elongated  and  narrow  jaws, ' 
unent  anterior  tooth,  bat  with  a  series,  somet 
^enty  in  number,  of  more  or  less  similar  teeth, 
imimsh  in  size  towards  the  tapering  extremity  oi 
»rm  of  jaw  in  some  instances  is  supported  on  a  wi 

2.  Wide  and  flat,  hollow  jaws,  with  the  two  ani 
lan  those  following,  the  posterior  extremity  trui 
eep  furrow  or  cavity  extending  nearly  to  the  cent: 

3.  Jaws  mostly  elongate,  with  a  distinct,  but 
aterior  tooth  or  hook,  which  is  immediately  succ* 
^  smaller  teeth. 

4.  Jaws  in  which  the  anterior  hook  is  very  large 
le  smaller  teeth  are  on  the  generally  straight  edg< 

5.  A  simple,  more  or  less  curved  hook,  comp 
uroughout. 

6.  A  simple  hook  with  a  very  wide  flange-like 
orly. 

7.  Sicklonshaped  or  crescentiform  jaws,  with  a  n 
»ped  rod-shaped  extension  at  one  end  and  a  serie 
a  the  curved  upper  edge. 

8.  Jaws  flattened  and  subquadrate,  also  with  a  r 
on,  the  upper  toothed  edge  nearly  straight. 

9.  Small,  triangular,  arched  plates,  with  a  series 
nequal  dimensions. 

In  attempting  to  classify  these  objects  great  dii 
ccount  of  the  detached  condition  of  the  specimens, 
ssue  by  which  they  were  attached  to  the  gullet  b 
le  various  plates  which  compose  the  complicated 
lese  animals  were  set  free  and  scattered  apart  o\ 
le  rock,  and  in  not  a  single  instance  have  I  discovt 
lates  in  such  a  position  as  to  indicate  with  cer 
Blonged  to  a  single  animal.  This  is  the  more 
le  fact  that  the  isolated  jaw-plates  are  in  most  be 
on,  and  could  not  therefore  have  been  exposed 
irbing  influences.  When  it  is  remembered  that  th 
pparatus  of  Annelids  belonging  to  the  existing  fami 
I  composed  of  Ave  or  six  pairs  of  jaw-plates  of  di 
izes,  it  will  at  once  be  seen  how  complicated  a  tas 
rrange  a  confused  assemblage  of  these  plates  un 
idividuals,  species,  and  genera  to  which  they  b( 
rork  becomes  still  more  perplexing  in  the  case  of 
rhere  there  are  at  hand  very  probably  only  an  inc 
tie  different  plates,  and  these  may  reasonably  be 
rom  those  of  their  existing  descendants.    Under  th 

have  been  obliged  to  describe  the  fossil  jawj 
rithout  assuming  that  each  isolated  piece  belong 
pecies,  or  even,  in  some  cases,  to  a  diflerent  individi 
lirly  be  supposed,  from  the  very  numerous  spec 
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wide  diBtribntion  in  time  and  space,  that  there  were  many  species 
of  them.  The  resemblance  of  manj  of  the  fossils  to  the  recent  forms 
is  so  striking  that  their  respective  relations  may  be  seen  at  a  glance ; 
but  others  vary  considerably  from  all  the  descriptions  of  recent 
forms  of  jaws  which  have  come  nnder  my  notice,  and  their  position 
remains  doubtful. 

All  the  forms  met  with  seem  to  belong  to  the  mouth-apparatos 
of  these  animals.  Though  the  chitinous  setae  are  of  as  durable  mate- 
rial as  the  jaws,  they  are,  as  a  rule,  much  more  slender,  as  well  as 
smaller,  consequently  more  liable  to  destruction;  and  I  have  not 
recognized  any  specimens  whioh  could  be  referred  to  these  organs. 

After  a  careful  comparison  of  these  fossil  jaws  with  recent  ex- 
amples of  the  Order  Annelida  Polychaeta  or  Nereida,  I  find  speci- 
mens belonging  to  the  three  families  of  Eunicea,  Gmbe ;  Lycoridm^ 
Grube ;  and  Glycerea,  Grube.  By  far  the  larger  proportion  are 
included  in  the  family  Eunicea ;  and  when  the  fossils  resemble  the 
jaws  of  the  present  generic  divisions  of  this  family,  I  have  adopted 
the  same  term  with  the  terminal  addition  of  -HUs,  following  the 
example  of  Dr.  Ehlers  in  this  respect.  Thus  in  this  family  there 
are  fossil  jaws  belonging  to  the  genera  EunicUes,  Ehlers,  (Enonites, 
gen.  nov.,  ArabdliteSy  gen.  nov.,  LumhriconereiUs,  Ehlers,  and  Stau- 
rocephalites,  gen.  nov.  The  only  genus  in  the  family  Lycoridea 
represented  as  fossil  is  Nerndav%M^  GrinneU.  Though  I  r^ard  the 
specimens  on  which  Mr.  GrinneU  founded  this  genus  as  belonging 
to  another  family,  I  yet  retain  it  for  forms  which  appear  to  resemble 
the  jaws  of  the  present  Nereis,  Out  of  a  large  collection  I  have 
only  found  a  single  example  which  could  with  probability  be  assigned 
to  Nereidavus ;  and  it  would  thus  appear  that  this  important  family 
was  not  proportionately  so  well  represented  in  Palaeozoic  times  as  at 
present.  I  place  under  Glycerites  the  simple  forms  of  jaws  which 
appear  to  correspond  with  those  of  the  existing  genus  Qlyeera, 

I  have  thought  it  best  to  describe  tbe  fossil  jaws  from  the  different 
formations  separately,  and  therefore  begin  with  those  from  the  lowest 
group,  that  of  the  Cincinnati  or  Hudson  River.  The  specimens  were 
all  collected  by  myself  from  Toronto  and  its  immediate  vicinity. 

ANNELIDA  POLYCHAETA. 

I.  From  ihe  Cincinnati  or  Hudson-River  Group  at  Toronto^ 
\  Genus  Eunicites,  Ehlers, 

EuNicrras  major,  Hinde.    (PL  XVIIL  fig.  1.) 

Jaw  oblong,  somewhat  flattened,  the  upper  edge  curved  inwards; 
the  posterior  end  truncated,  with  a  deep  ^rrow  leading  to  an  oval 
central  depression,  from  which  a  cavity  apparently  extends  under 
the  front  portion  of  the  jaw;  the  furrow  is  bounded  above  and 
below  by  rounded  ridges.  At  the  front  of  the  jaw  are  two  stout 
blunted  teeth,  and  the  upper  edge  carries  seven  or  eight  short,  sub- 
equal,  rounded  teeth. 
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liis  is  an  abundant  form,  though  perfect  specimens  are  rarely  met 
h.  It  varies  greatly  in  size;  the  smaller  examples  are  about 
ne  long,  whilst  the  largest,  as  in  the  specimen  figured,  are  3J 
8  in  length  and  1^  wide.  It  may  be  distinguished  from  E, 
reidavxts)  varians,  Grinnell,  by  its  truncated  extremity  and  the 
lian  furrow  and  cavity. 

nciTBS  (Nekeidavtts)  vakians,  Grinnell.  (PL  XVIII.  figs.  2, 3, 5.) 

TerevdavMS  varians^  Grinnell,  American  Journal  of  Science^  Sept. 
7,  p.  229. 

aw  elongated,  curved,  rounded  in  front,  and  convex,  widest  at 
at  one  third  the  length  from  the  anterior  end,  and  then  gradually 
^ring  to  a  point,  the  front  portion  sometimes  curved  upwards  and 
ards,  the  first  tooth  rounded,  somewhat  larger  than  the  rest; 
seeding  this  are  from  two  to  five,  blunted,  rounded,  upright  teeth, 

then  a  series,  varying  in  diflferent  specimens,  of  from  nine  to  four- 
L  pointed  teeth.     These  latter  gradually  diminish  in  size  towards 

posterior  end,  and  are  uniformly  directed  backwards.  The 
ensions  of  the  specimens  figured  are  as  follows : — fig.  2,  2^  lines 
i;  and  J^  line  wide ;  ^,3,2  lines  long  and  about  ^  line  in  width ; 
5,  3^  lines  long  and  ^  line  wide.  Abundant. 
iS  the  type  specimen  figured  by  Mr.  Grinnell  is  imperfect,  showing 
r  the  anterior  portion  of  the  jaw,  I  am  unable  to  judge  whether 
examples  are  rightly  referred  to  his  species ;  but  there  is  a  very 
e  resemblance  between  his  fig.  1  (op,  cit)  and  my  fig.  5,  which 
Is  me  to  believe  that  they  are  similar.  These  examples  appear 
ne  to  correspond  more  with  one  of  the  toothed  jaw-plates  of 
ike  (Leodice)  anUnnata,  Savigny,  than  with  the  jaws  of  Nereis^ 
ch  in  aU  the  examples  I  have  seen  are  widened  at  the  posterior 

for  the  muscular  attanchment,  whereas  these  examples  all  taper 

point. 

nciTEs  OONTOBTTS,  Hiudo.     (PI.  XVIII.  fig.  4.) 

aw  elongated,  very  narrow,  and  tapering  to  a  point,  the  anterior 
h  prominent,  nearly  upright,  not  in  plane  with  the  rest,  and  fol- 
ed  by  a  uniform  series  of  about  seventeen  pointed  teeth,  which 
all  directed  backwards,  parallel  with  each  other.  Length  about 
line. 

liis  form,  besides  being  much  smaller  than  E.  varians,  has  also  a 
•e  prominent  anterior  tooth,  and  the  smaller  teeth  form  a  uniform 
es.     Not  unfrequent. 

aciTES  PERDENTATTS,  Hiudo.     (PI.  XVTII.  fig.  6.) 

aw  extremely  small,  narrow,  and  gently  curved ;  the  anterior  end 
ated  and  bent  inwards ;  on  this  portion  are  two  or  three  rounded 
h,  which  are  followed  by  a  series  of  about  twenty  very  minute, 
squal,  acutely  pointed  teeth. 

lie  extremely  small  size,  and  the  absence  of  a  prominent  anterior 
;h,  suffice  to  distinguish  this  from  the  preceding  form.  It  also 
imbles  E.  (Aulacodus)  ohliquuSy  Eichwald  (see  Pander's  Mono- 
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graph  on  the  Fossil  Silarian  Fishes,  p.  72),  which  has,  however,  a 
much  wider  base.    Length  ^  line.     Abundant. 

EuNiciTBs  siuPLBX,  Hindc.     (PI.  XIX.  fig.  2.) 

Jaw  consisting  of  a  simple,  slightly  curved  hook,  narrow  through- 
out, and  angular  in  section.     Length  1^  line. 

EuNiciTBs  OBACiLis,  HJnde.    (PI.  XIX.  fig.  3.) 

Jaw  composed  of  a  nearly  straight,  slightly  convex  basal  portion, 
with  a  strongly  curved  anterior  hook.  Length  1  line,  about  |  line 
in  width. 

EuiaciTEs?  MGiTATTTS,  Hindc.    (PI.  XIX.  fig.  13.) 

Jaw  very  small,  triangular,  and  nearly  equilateral.  At  one  ex- 
tremity are  two  slender,  elongated,  nearly  straight  teeth,  behind 
which,  on  the  straight  upper  border,  are  seven  minute  rounded  teeth. 
Length  of  the  upper  edge  about  g  line. 

Genus  (Enontebs,  Kinde. 
Jaws  with  a  more  or  less  curved  anterior  hook,  followed  by  a 
series  of  smaller  teeth,  similar  in  character  to  those  of  the  existing 
genus  (Enone. 

CEnonttes  cubvidbns,  Hinde.     (PL  XVIII.  ^g.  7.) 

Jaw  nearly  straight,  with  a  strongly  convex  ridge,  forming  the 
lower  portion  of  the  base ;  in  front  a  relatively  large,  very  strongly 
curved  tooth,  obliquely  bent;  this  is  succeeded  by  fourteen  small 
pointed  teeth,  carried  on  a  very  narrow  flattened  ridge.  Length 
I  line,  about  ^  line  in  width. 

(Enoiotes  in^qualis,  Hinde.     (PL  XVIII.  ^g»  8.) 

Jaw  nearly  straight,  tapering  to  a  point ;  a  small  projecting  ap- 
pendage below  the  anterior  part  of  the  base,  a  slightly  curved  and 
blunted  anterior  tooth,  succeeded  by  three  minute  blunted  teeth, 
behind  which  are  six  or  seven  larger  acutely  pointed  teeth.  Length 
1  line,  width  rather  more  than  |  line. 

(Ejtonites  sbrratus,  Hinde.     (PL  XVIII.  fig.  9.) 

Jaw  elongated,  narrow,  the  toothed  border  slightly  arched,  trun- 
cated at  the  posterior  end,  which  is  wider  than  the  front  portion  of 
the  jaw,  and  is  slightly  concave,  with  a  narrow  median  furrow.  The 
anterior  tooth  is  but  slightly  curved,  behind  which  are,  first  in  order, 
four  very  small  rounded  teeth,  and  then  a  series  of  twelve  very 
minute  pointed  teeth.     Length  |  line. 

(Enonites  bostrattjs,  Hinde.     (PL  XVIII.  fig.  10.) 

Jaw  relatively  short,  very  wide  and  truncate ;  a  deep  furrow  just 
below  the  toothed  edge,  extending  from  the  middle  to  the  trun- 
cated extremity,  and  below  the  termination  of  the  furrow  is  a  pro- 
jecting knob-like  elevation ;  a  stout  curved  tooth  in  front,  behind 
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ch  are  four  claw-shaped  teeth,  followed  by  five  rounded  teeth, 
gth  I  line,  width  |  line  nearly. 

0N1TB8  cuNEATTS,  Hinde.     (PI.  XVIII.  fig.  11.) 

aw  small,  compressed,  widest  in  the  central  portion  and  tapering 
lually  to  the  blunted  extremity ;  a  slightly  curved  anterior  tooth, 
on  Uie  nearly  straight  upper  edge  twelve  subequal,  very  minute, 
aded  teeth.     Length  ^  line. 

ONiTES?  CABiNATira,  Hindc.    (PI.  XIX.  fig.  19.) 

aw  elongate,  truncate  posteriorly,  the  front  portion  slightly  con- 
;  a  very  stout  anterior  tooth,  and  towards  the  end  of  the  jaw  five 
Lute  blunted  teeth  on  an  angular  ridge ;  the  central  portion  of 
jaw  beneath  the  ridge  deeply  concave.     Length  |  line. 

Genus  Ababelutes,  Hinde. 

'.  propose  to  include  in  this  genus  jaws  of  widely  different  form, 
Lch  have  a  general  resemblance  to  those  of  the  existing  genus 
ibella,  Grube.  1.  Jaws  with  an  extremely  prominent  anterior 
»k,  and  a  row  of  smaller  teeth  on  a  wide  base ;  2.  Sickle-shaped 
78  and  allied  forms ;  3.  Jaws  subquadraie  in  form,  with  a  straight 
yer  edge  of  small  teeth.  Those  of  the  first  division  appear  to 
respond  with  the  first  pair,  the  second  resemble  the  second  pair, 
figured  in  Cuvier*s  *B^gne  Animal,'  of  Arabella  {(Enone)  macu- 
le Edwards ;  whilst  the  square-shaped  jaws  I  regard  as  belonging 
the  lower  jaw  of  Annelids  of  this  genus.  Examples  of  these  dif- 
Bnt  forms  are  very  abundant,  not  only  in  the  Cambro-Silurian, 
;  in  all  the  other  formations  where  the  Annelid  remains  appear. 

abellites  hamatus,  Hinde.  (PL  XYIII.  fig.  12.) 
raw  oblong,  truncate,  the  wide  base  nearly  of  an  even  width 
oughout,  a  knob-like  projection  in  the  centre  of  the  lower  basal 
je,  and  a  similar  one  at  the  end ;  the  anterior  tooth  relatively 
le  and  openly  curved.  On  the  upper  straight  edge  are  ten  sub- 
lal  rounded  teeth.     Length  §  line. 

ABELLITB9  OOBNUTUS,  Hiudc.      (PI.  XVIII.  figS.  13,  14,  15.) 

Faw  relatively  wide,  truncate,  the  lower  basal  edge  curved,  with 
ttore  or  less  prominent  knob-like  elevation  in  the  centre,  which  is 
5  widest  part  of  the  base,  the  upper  edge  nearly  straight,  with  a 
jp  furrow  just  below  the  teeth  extending  from  the  middle  to  the 
}terior  extremity,  beneath  which  a  rounded  elevation  is  sometimes 
jsent.  In  front  is  an  extremely  large  curved  hook,  and  on  the 
irly  straight  upper  edge  is  a  series  of  small  teeth,  from  eleven  to 
enty  in  number ;  those  towards  the  front  are  conical,  whilst  further 
ck  they  gradually  diminish  in  size  and  become  rounded.  Fig.  13 
1  line  long  and  §  line  wide;  fig.  14  is  IjJ  line  long  and  I  line 
do;  and  fig.  IS.is  3  lines  long  and  1  line  wide. 
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Ababbllites  cirspiDATTO,  Hinde.    (PL  XVIII.  fig.  19.) 

Jaw  oblong,  truncate,  flattened,  with  an  elongated  depreesion  in 
the  upper  posterior  portion,  the  lower  and  upper  borders  nearly 
straight  and  parallel ;  in  front  a  stout  blunted  tooth  or  hook,  which 
is  nearly  at  right  angles  with  the  main  portion  of  the  jaw,  and  on 
the  upper  edge  about  eighteen  rounded  minute  teeth.  Length  2^ 
lines,  width  |  line. 

Ababbllites  ovalis,  Hinde.    (PI.  XVIII.  fig.  16.) 

Main  portion  of  jaw  of  an  oval  figure,  with  a  very  lax*ge,  curved, 
and  slightly  twisted  hook  in  front,  and  eight  or  nine  smidl  pointed 
teeth.    Total  length  1|  line,  width  J  line. 

Ababbllites  gebbosus,  Hinde,     (PI.  XVIII.  ^g,  21.) 

Jaw  oval  and  strongly  convex,  with  a  well-marked  curved  line 
extending  from  the  base  of  the  hook  to  the  extremity ;  in  front  is  a 
short,  slightly  curved,  very  stout  hook ;  on  the  main  portion  of  the 
jaw  are  ten  subequal,  oblique,  pointed  teeth.  Length  If  line,  width 
i  line. 

Ababbllites  ascialm,  Hinde.    (PL  XVIII.  fig.  17.) 

Jaw  narrow,-  elongated,  and  tapering  to  a  point ;  a  very  long, 
curved,  anterior  tooth,  not  in  the  same  plane  with  the  body  of  the 
jaw ;  on  the  straight  upper  edge  there  are  about  seven  minute  acutely 
pointed  teeth.     Length  1  line,  width  ^  line. 

Ababbllites  bectus,  Hinde.    (PI.  XVIII.  fig.  18.) 

Main  portion  of  jaw  somewhat  triangular,  widest  in  front,  and 
gradually  tapering  to  the  blunted  extremity ;  in  front  a  very  large 
and  robust  hook,  with  a  deep  longitudinal  furrow  near  the  outer 
side.  Six  teeth  are  visible  on  the  upper  edge  of  the  jaw.  Length 
3i  lines,  width  |  line. 

Ababbllites  lunattts,  Hinde.    (PI.  XIX.  figs.  4,  5,  6.) 

Jaw  sickle-  or  crescent-shaped,  one  end  pointed,  the  other  ex- 
tended into  a  rod-like  prolongation,  the  front  surface  concave.  On 
the  curved  outer  rim  of  the  crescent  are  from  ten  to  twelve  short 
rounded  teeth,  the  two  anterior  ones  are  generally  slightly  larger 
and  somewhat  divergent  from  the  others ;  in  one  instance,  however, 
these  anterior  teeth  are  not  present.  In  fig.  4  the  length  of  the 
toothed  portion  is  1  line,  and  of  the  projection  |  line;  fig.  5  is 
IJ  line  in  length ;  and  fig.  6  is  g  line. 

This  is  a  very  abundant  form,  and  shows  a  good  deal  of  variation 
in  different  examples. 

Ababbllites  cbistatxts,  Hinde.     (PI.  XIX.  fig.  7.) 

Jaw  crescentiform,  with  but  a  short  angular  projection,  the  front 
edge  curved  upwards,  surface  concave;  on  the  upper  border  are 
eleven  distinct  elevated  teeth,  the  first  two  of  which  are  smaller 
and  not  in  plane  with  the  others.     Length  |  line. 
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IBBLLITBS  CEKTIOOBNIBy  Hiiide.     (PI.  XTX.  figs.  8  &  12.) 

aws  very  variable  in  form,  sometimes  crescentiform,  with  a  short 
vlar  extension  in  front,  at  other  times  elongated  and  extended 
>w  the  middle  of  the  jaw ;  in  front  there  are  from  two  to  three 
itively  large  divergent  teeth,  followed  by  a  series  of  from  four  to 
en  minute  acute  teeth.     Length  §  line. 

LBSLLTTES  PECTI5ATUS,  Hiudo.      (PI.  XIX.  fig.  11.) 

aw  rudely  triangular,  the  front  portion  rounded,  pointed  poste- 
*ly,  the  sides  meet  below  to  form  a  short  blunted  extension  nearly 
3W  the  centre  of  the  jaw ;  the  upper  border  slightly  arched,  and 
rying  about  fifteen  small  teeth,  those  in  front  rounded  and  up- 
it,  the  others  acute  and  directed  backwards.     Length  §  line. 

LBELLiTES  cRKNULATirs,  Hiude.     (PI.  XIX.  fig.  9.) 

fain  portion  of  jaw  nearly  straight,  flattened,  and  gradually 
Bring;  in  front  is  a  short  blunted  rod-like  extension  at  right 
;les  to  the  toothed  part  of  the  jaw,  which  carries  eight  stout 
^h,  the  first  of  which  is  small  aod  daw-shaped,  the  others  tri- 
;alar  and  acute.     Length  |  line.    Abundant. 

iBBLUTES  QUADEATTrs,  Hiude.    (PL  XIX.  fig.  14.) 

^aw  composed  of  a  nearly  square,  slightly  convex  plate,  with  a 
nted  rod-like  appendage  projecting  obliquely  from  one  of  the 
er  angles ;  on  the  upper,  nearly  straight,  edge  of  the  plate  is  a 
es  of  about  fifteen  small,  subequal,  rounded  teeth  or  crenulations, 
list  just  below  the  upper  edge,  on  what  appears  to  be  the  posterior 
),  there  is  a  small  spur-like  tooth  projecting  obliquely.  Length 
be  toothed  edge  |  line. 

[?his  is  a  very  abundant  species,  and  generally  very  regular  in 
n,  though  varying  considerably  in  size,  some  examples  being 
rly  as  large  again  as  the  specimen  figged. 

IBBLLITES  SCXTTELLATTTS,  Hiudc.      (PI.  XIX.  &g.  16.) 

Jpper  portion  of  the  jaw  subquadrate,  with  a  prolonged,  gradually 
rowing  base ;  surface  slightly  convex,  with  a  very  prominent  pro- 
erance  at  the  lower  posterior  angle ;  the  nearly  straight  upper 
der  carries  eleven  teeth,  of  which  the  first  is  pointed,  somewhat 
ger  than  the  rest,  and  projects  outwards ;  the  others  are  subequal 
nded  teeth.     Length  and  width  each  about  ^  line.    Abundant. 

iBKLLiiEs?  OBLiQxnis,  Hiudo.     (PI.  XIX.  fig.  15.) 

raw  composed  of  a  comparatively  thick,  obliquely  semioval,  concave 
be ;  the  lower  rounded  edge  is  slightly  elevated,  the  straight  upper 
der  has  about  fifteen  small  rounded  subequal  teeth  or  crenulations. 
igth  ^  line,  width  |  line. 
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Genus  Lvmbriconebeites,  Ehlers,  1868. 

Lumhricorureites,  Ehlers,  Pal^Bontograpbica,  Band  xvii.  p.  159. 

Ehlers  based  this  genus  on  the  resemblance  of  some  fossil  Annelids 
in  the  Solenhofen  ^ales  to  those  of  the  existing  genus  Lumhri" 
conereis.  In  his  specimens  only  the  lower  jaws  appear  to  have  been 
recognizable,  whilst  my  own  examples,  which  I  propose  to  place 
under  this  genus,  resemble  the  principal  jaw- plate  in  the  upper  jaw ; 
they  are  not  unlike  the  corresponding  plate  in  the  jaws  of  Eunidtes^ 
but  possess  a  well-defined  basal  flange  or  extension. 

Ltjmbbiconbbeitbs  DACTTLODrs,  Hiude.    (PL  XVIII.  fig.  20.) 

Jaw  oblong,  straight,  and  nearly  of  uniform  width,  in  the  central 
portion  a  well-marked  protuberance ;  at  the  firont  end  are  four  cnired 
rounded  teeth  bent  upwards  and  inwards,  whilst  on  a  slightly  ele- 
vated ridge,  which  springs  obliquely  from  the  basal  flange,  is  a  series  of 
oighteen  small  rounded  teeth.    Length  nearly  2|  lines,  width  |  line. 

Glycerites,  Hinde. 

Jaws  consisting  of  a  simple  curved  hook  with  a  wide  base,  without 
smaller  teeth,  resembling  those  of  the  existing  genus  Olycera. 

Gltcebitbs  sitlcatus,  Hinde.    (PI.  XIX.  fig.  1.) 

Jaw  oblong,  relatively  wide  and  convex,  obliquely  truncate ;  from 
the  truncated  end  a  deep  longitudinal  furrow  extends  nearly  to  the 
front,  where  it  opens  into  a  cavity  which  extends  below  the  hook ; 
this  is  stout,  slightly  curved,  and  somewhat  bent  inwards.  Length 
1|  line,  nearly  J  line  in  width. 

This  is  a  very  abundant  form,  and  very  distinctly  marked  by  the 
deep  subcentral  furrow. 

Glycerites  stjloatus,  var.  excavatus.    (PI.  XIX.  fig.  10.) 

The  hooked  portion  in  this  jaw  closely  resembles  that  just  de- 
scribed, but  the  posterior  end  is  relatively  wider  and  hollowed  out, 
and  instead  of  the  central  furrow  there  is  a  deep  groove  which  ox- 
tends  round  the  inner  edge  of  the  main  portion  of  Sie  jaw.  Length 
1  line,  width  ||  line. 

This  variety  is  also  comparatively  abundant  in  the  same  localities 
with  6?.  sulcatm. 

In  addition  to  the  above,  there  are  some  aberrant  forms  which  I 
am  unable  to  place  under  any  of  the  known  genera  of  Annelids 
which  have  come  under  my  notice.  I  have  figured  three  examples 
on  PL  XIX.  figs.  17,  18,  and  20,  and  append  short  descriptions  of 
each. 

Fig.  17  is  a  straight,  nearly  linear,  form,  with  ten  upright  teeth, 
very  unequal  in  size ;  four  of  these  are  very  prominent  and  nearly 
triangular  in  form.     Total  length  1  line. 

Fig.  18  is  small,  narrow,  and  slightly  convex,  the  iront  portion 
convex,  rounded,  and  with  a  small  tooth ;  the  jaw  posteriorly  is  thin 
and  flattened,  and  has  seven  minute  blunted  teeth.     Length  ^  line. 
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Fig.  20.  Upper  portion  of  jaw  oblong  and  flattened,  with  six 
intly  marked  crenulations ;  this  part  extends  downwards,  forming 
flattened  prolongation,  first  at  right  angles,  and  then  nearly  parallel 

the  upper  part. 

[.  Annelid  Jaws  from  the  Clinton  and  Niagara  Groups  (Silurian), 

So  far  as  my  researches  have  extended,  these  minute  jaws  are  not 
widely  distributed  in  the  Silurian  strata  in  Canada  as  in  the  lower 
rata  of  the  Cambro-Silurian ;  but  they  appear  to  be  abundant  in 
le  single  locality  in  which  they  make  their  appearance.  They  are 
r  the  most  part  closely  related  to  the  species  already  described, 
hilst  three  forms — Eunicites  major^  (Enonites  inceqtudis,  and  (Eno- 
tes  eunecUus — occur  in  these  as  well  as  in  the  lower  rocks.  The 
ds  yielding  these  fossils  are  shown  in  the  same  escarpment — ^the 
iinton  strata  in  the  lower  portion,  and  about  200  feet  higher  the 
tuminous  shaly  bed  of  the  Niagara,  these  two  rock  divisions  being 
ily  separated  by  an  arbitrary  Une  in  this  part  of  Canada.  As  all 
le  forms  described  are  from  Dundas,  Ontario,  I  need  only  mention 
ter  the  description  of  each  the  pcu*ticular  division  from  which  it 
ime. 

UNICITBS  CLINTONEN8I8,  Hiudo.      (PL  XIX.  fig.  21.) 

Jaw  elongated,  narrow,  with  a  blunted  posterior  termination,  the 
iterior  portion  elevated  and  slightly  curved  inwards,  the  two 
ont  teeth  rounded  and  somewhat  larger  than  the  rest,  followed 
y  a  series  of  about  fifteen  teeth,  gradually  diminishing  in  size 
awards  the  extremity  of  the  jaw ;  Uie  first  two  in  the  series  are 
>unded,  all  the  reet  are  acutely  pointed  and  directed  backwards, 
ength  1^  line,  width  \  line. 

This  form  is  closely  allied  to  E,  perdentatus,  from  which  it  may 
e  distinguished  by  its  more  robust  proportions  and  possessing  fewer 
^th,  though  nearly  double  the  size.     Abundant. 

Clinton  formation. 

Itjnicites  coronatus,  Hinde.     (PL  XX.  fig.  9.) 

Jaw  somewhat  semielliptical  in  outline  and  strongly  arched, 
lunted  at  both  ends,  and  having  on  the  upper  border  about  twelve 
Dunded  teeth,  of  which  the  first  five  are  subequal,  and  the  others 
radually  diminish  in  size.  Length  |  line,  depth  nearly  |  line. 
Lbundant. 

Clinton  formation. 

JUNICITES  CHIEOMOKPHTTS,  Hiudo.      (PL  XX.  fig.  10.) 

Jaw  forming  a  triangular  plate,  with  one  end  pointed  and  strongly 
acurved ;  beginning  at  the  opposite  end  there  is  first  on  the  upper 
order  a  scries  of  five  very  large  blunted  upright  teeth,  and  succiid- 
Qg  these  are  five  very  small  teeth  or  crenulations.  Length  ^  line, 
ridth  ^  line. 

Clinton  formation. 


Digitized  by 


Google 


382  B.  J.  HINBB  09  AmrSLID  JAWS  FBOJC 

(Enoiotw  amplxts,  Hinde.     (PL  XIX.  fig.  23.) 

Jaw  elongated,  nearly  straight  and  flat,  relatively  wide,  and 
blunted  posteriorly;  the  anterior  tooth  is  partly  wanting  in  the 
specimen,  but  it  appears  to  have  been  slightly  ctirved  and  lai^;er 
than  the  others.  Following  the  first  are  seven  prominent,  acutely 
pointed,  conical  teeth,  and  these  are  succeeded  by  another  series  of 
similarly  shaped,  but  very  minute,  teeth.  Length  |  line,  and  ^  line 
wide. 

Clinton  formation. 

(Ekonites  FBAeiLis,  Hinde.    (PL  XX.  fig.  3.) 

Jaw  oblong,  short,  truncate,  and  flattened,  with  a  furrow  just 
below  the  toothed  edge  in  the  posterior  half  of  the  jaw ;  the  first  six 
teeth  are  blunted  and  subequal,  followed  by  six  minute  teeth. 
Length  |  line,  about  i  line  in  width. 

Though  this  example  differs  from  the  more  typical  forms  of  the 
genus  in  the  absence  of  a  larger  tooth  or  hook  in  front,  in  other 
respects  it  appears  to  resemble  this  genus  in  possessing  a  flattened 
suiface  and  truncated  extremity  with  the  usual  furrow. 

Clinton  formation. 

(Enonites?  iNF&EauENs,  Hindc.    (PL  XX.  fig.  2.) 

Jaw  elongated,  relatively  wide,  and  sb'ghtly  concave,  with  the 
posterior  extremity  blunted;  the  front  tooth  or  hook,  which  has 
been  partly  broken  off  in  the  specimen,  appears  to  have  been  nearly 
upright ;  on  the  straight  upper  edge  of  the  jaw  are  about  twenty- 
five,  very  minute,  conical,  upright  teeth.  Length  1|  line,  and  ^  line 
wide. 

Though  this  form  differs  considerably  from  the  typical  species  of 
this  genus,  it  appears  more  closely  related  to  it  than  to  Eunicita. 

Niagara  formation. 

Arabslutss  BLB0A9S,  Hiude.     (PL  XX.  figs.  5  &  7.) 

Jaw  fiattened,  widest  in  the  central  portion,  with  a  small  protu- 
berance below,  a  similar  one  at  the  narrow  posterior  extremity,  and 
a  depressed  groove  below  the  toothed  edge;  a  large  and  sUghtly 
curved  hook  in  front,  and  about  eleven  teeth  on  the  crest  of  the 
main  portion,  the  first  six  of  which  are  pointed  and  subequal,  the 
others  very  minute  and  blunted.  Length  ^  line,  greatest  width 
I  line.  In  the  same  beds  is  a  much  smaller  form  with  only  six 
minute,  scarcely  discernible,  teeth,  and  the  anterior  hook  in  propor- 
tion.    Length  of  this  example  |  line. 

This  species  is  dosely  related  to  A,  comutus  from  the  Cincinnati 
group  ;  but  the  hook  is  less  proportionately  developed,  and  the  jaw 
itself  is  of  very  much  smaller  dimensions. 

Clinton  formation. 

Ababbllitbs  sikilis,  Hinde.    (PL  XX.  fig.  8.) 

Jaw  very  minute,  somewhat  triangular  in  form,  the  pointed  ex-* 
tremity  nearly  below  the  centre  of  the  jaw,  the  upper  border  slightly 
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LTched  and  carrying  ten  minute  teeth,  of  which  the  first  two  are 
K>inted  and  divergent,  the  others  rounded.     Length  i  line. 

This  species  closely  resemhles  A.  pectinatus  from  the  Cincinnati 
Drmation,  hut  it  is  not  so  elongated  and  has  fewer  denticulations. 

Niagara  formation. 

iXncBBicoirEitEiTEs  BASAUs,  Hindo.     (PL  XIK.  fig.  22,) 

Jaw  with  a  long,  narrow,  curved  ridge,  supported  on  a  wide 
riangular  hasal  flange ;  the  first  tooth  is  long  and  nearly  horizontal, 
nd  apparently  forms  the  commencement  of  the  ridge ;  on  the  summit 
f  the  ridge  there  are  seventeen,  hlunted,  roughly  triangular  denti- 
ulations  unequal  in  size.  Length  1^  line ;  width,  including  the 
ange,  |  line. 

Not  uncommon,  though  perfect  specimens  are  rarely  met  with. 

Clinton  formation. 

TJlCBBICOirEBEITES  TBIAN6ULARIS,  Hiudo.      (PI.  XX.  fig.  4.) 

Jaw  consisting  of  a  flattened  triangular  hasal  plate  with  a  very 
arrow  vertical  ridge ;  at  the  anterior  end  of  the  hasal  plate  there 
re  two  incurved  hluuted  teeth,  whilst  the  ridge  supports  a  series  of 
Lghteen  hlunted  rounded  teeth.     Length  1|  line,  width  ^  line. 

This  species  is  closely  related  to  L.  cUictylodus^  hut  diSers  there- 
'om  in  the  angular  outline  of  the  front  hasal  flange. 

Clinton  formation. 

TTMBBICONEREITES  AEMATU8,  Hindo.      (PL  XX.  fig.  6.) 

Jaw  consisting  of  a  very  narrow,  vertical,  slightly  curved  ridge, 
npported  hy  a  very  wide,  somewhat  concave,  horizontal  hasal  fiange, 
aving  in  front  a  very  prominent  claw-shaped  tooth,  which  is  nearly 
1  the  same  plane  with  the  flange  itself.  On  the  vertical  ridge  there 
re  nine  sharp-pointed  teeth,  ohliquely  directed  towards  the  posterior 
nd  of  the  jaw.     Length  IJ  line,  width  |  line. 

I  have  only  met  with  a  single  example  of  this  clearly  marked 
[)ecie8. 

Clinton  formation. 

SrATmocEPHALiTBS,  Hiude. 

Jaws  of  more  or  less  elongated,  compressed,  denticulate  plates, 
Bsemhling  those  of  the  existing  genus  Staurocephalus^  Gruhe.  Of 
bis  1  have  met  with  only  one  species. 

iTATTBOCEPHALITES  HIAOARENSIS,  Hiudo.      (PI.  XX.  fig.  1.) 

Jaw  ohlong,  the  front  horder  slightly  curved  and  extending 
bliquely  downwards,  the  posterior  end  rounded  ;  on  the  upper  edge 
f  the  plate  is  a  series  of  sixteen  very  minute  pointed  teeth,  of  which 
he  first  is  slightly  larger  than  the  others,  and  all  are  uniformly  di- 
ected  backwards.     Length  |  line,  about  ^  line  wide. 

This  minute  jaw  is  very  abundant,  but  appears  to  be  restricted  to 
he  dark  shales  of  the  Niagara  formation. 

aJ.G.S.  No.  139.  2  b 
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Gltobbites  CALCX0LU8,  Hinde.    (PL  XX.  fig.  11.) 

Jaw  somewhat  triangular,  gradually  widening  to  the  tnmcatei 
posterior  end ;  in  front  a  broad,  slightly  cnrved,  flattened  hook ;  the 
central  portion  is  depressed,  conoaye,  and  passes  into  a  hollow  be- 
neath the  hook.     Length  |  line,  widl^  |  Hne. 

This  is  closely  allied  to  G,  itUcatus,  bnt  is  much  smaller,  and  has 
a  shorter  and  less  curved  hook  and  a  greater  central  depression. 

Clinton  formation. 

in.  Anndid  Jaws  from  the  Hamilton  Group  of  the 
Middle  Devonian. 

My  specimens  from  this  formation  have  all  been  found  in  two  or 
three  small  slabs  of  rocks  exposed  in  the  bed  of  the  Biyi^re  au  Sable, 
Ontario.  Judging  from  the  variety  of  the  specimens  it  would  appear 
that  these  animals  must  have  been  very  numerous  in  this  as  wdl  as 
in  the  lower  formations.  One  species,  Arabetlttes  similis^  is  present 
in  this  as  well  as  in  the  Niagara  formation,  and  some  of  the  other 
forms  are  closely  allied  to  those  already  described. 

EUNICTTBB?  ALVE0LATU8,  Hiudc.      (PI.  XX.  figS.  14,  15.) 

Jaw  composed  of  a  simple,  nearly  straight,  depressed  convex, 
hollow  tube,  bluntly  pointed  in  f^ont.  Fig.  14  is  1  line  in  length 
and  I  line  wide  ;  fig.  15  is  only  ^  line  long  and  ^  line  wide. 

I  am  doubtful  whether  these  forms  may  be  regarded  as  modified 
pincers,  and  place  them  provisionally  under  the  above  genus. 

EuwiciTES  TUMiDus,  Hiude.     (PI.  XX.  hg.  16.) 

Jaw  somewhat  triangular  in  form  and  convex,  the  front  nearly 
straight  and  extended  downwards  to  a  point,  the  posterior  portion 
rounded ;  on  the  nearly  straight  upper  border  are  three  or  four 
blunted  cusp-like  teeth,  with  as  many  intermediate  smaller  ones. 
Length  |  line,  nearly  the  same  in  width. 

EuNiciTES  PALMATTJ8,  Hindc.     (PL  XX.  fig.  17.) 

Jaw  formed  of  a  nearly  fiat,  subquadrate  plate,  traversed  longi- 
tudinally by  a  slightly  elevated  ridge,  with  a  small  spur-like  termi- 
nation in  the  middle  of  the  front  side ;  on  the  upper  border  are  six, 
relatively  largo,  conical,  upright  teeth.     Length  i  line,  width  |  Hne, 

EuwiciTEs  WAinrs,  Hinde.    (PL  XX.  ^g,  18.) 

Jaw  formed  of  a  very  minute,  obliquely  semioval,  slightly  convex 
plate,  having  on  the  upper  edge  a  series  of  about  ten  very  small 
pointed  teeth,  of  which  the  first  two  are  more  prominent  than  the 
rest.     Length  |  line,  |  lino  wide. 

CEnonites  compactus,  Hinde.    (PL  XX.  fig.  13.) 

Jaw  somewhat  triangular,  compressed,  widest  beneath  the  central 
portion,  the  lower  border  slightly  elevated;  a  moderately  stout, 
slightly  curved  hook  in  front,  and  on  the  gently  arched  upper 
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Ige  thirteen,  subequal,  blunted^  minute  teeth.  Length  |  line, 
kith  I  line. 

KABSLuixs  poiiTUs,  Hindo.    (PL  ^^,  fig.  19.) 

Jaw  consisting  of  a  nearly  flat  plate,  the  front  portion  rounded 
id  extending  below  obliquely  to  a  point,  the  posterior  extremity 
Lghtly  truncate ;  on  the  sloping  upper  edge  is  a  series  of  twelye 
tinted  teeth,  the  first  of  which,  though  not  larger,  is  opposed  in 
rection  to  the  rest  and  slightly  claw-shaped.  Length  of  the 
othed  border  ^  line,  and  from  the  summit  to  the  point  J^  line. 

RABELLITES  SDOLIS,  Yar.  ABCT7ATUS.      (PI.  XX.  Sig.  20.) 

In  the  Hamilton  group  there  are  comparatively  numerous  spoci- 
ens  which  I  am  unable  to  distinguish  from  A.  simUis  from  the 
iagara  formation ;  but  in  addition  to  these  there  are  certain  ex- 
Qples  which  show  differences  which  may  entitle  them  to  be  sepa- 
ted  as  a  variety  from  that  form.  In  the  specimen  taken  as  a  type 
'  this  variety  ihe  jaw  is  crescentiform  and  slightly  concave,  the 
[>per  border  arched  and  with  about  fourteen  small  teeth,  of  which 
le  third  is  larger  and  more  upright  than  the  others.  About  §  line 
I  length. 

It  is  a  more  arched  form  than  A.  similis,  and  has  a  greater  number 
'  denticulations. 

Genus  Nereidavus,  Grinnell. 

Nereidavus,  American  Journal  of  Science,  Sept.  1877,  p.  229. 

This  genus  was  proposed  by  the  author  for  fossil  jaws  resembling 
lose  of  the  existing  genus  Nereis.  1  have  only  found  one  example 
hich,  in  my  opinion,  can  be  placed  in  the  genus. 

EBEIDAVUS  SOLITABIUS,  Hiudo.      (PI.  XX.  ^g.  12.) 

Jaw  compressed  and  relatively  wide ;  at  the  truncated  posterior 
id  of  the  jaw  is  a  small  concave  portion  which  is  distinctly  marked 
or  from  the  rest  of  the  jaw  by  a  transverse  ridge ;  in  front  is  a 
rominent  tooth  directed  forward  and  slightly  out  of  plane  with  the 
i8t  of  the  jaw,  and  on  the  upper  border  are  ten  small,  blunted, 
early  upright,  triangular  teeth,  followed  by  numerous  very  minute 
renulations.     Length  1^  line,  greatest  width  |  line. 

The  forward  inclination  of  the  anterior  tooth  and  the  marked  off 
ortion  at  the  extremity  of  the  jaw,  which  may  have  served  for  a 
luscular  attachment,  lead  me  to  think  that  this  may  have  been  one 
f  a  pair  of  jaws  carried  in  the  front  of  the  head  like  those  of  Nei'eis ; 
1  all  the  examples  of  that  genus,  however,  which  I  have  seen,  the 
mailer  denticulations  are  directed  forward  towards  the  larger  tooth, 
whereas  in  this  fossil  example  they  are  nearly  upright.  As  a  rule, 
00,  the  smaller  teeth  in  Nereis  are  fewer  in  number  than  in  this 
example ;  but  this  is  a  feature  very  liable  to  variation. 
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IV.  Annelid  Jaws  from  the  Lower  Carboniferous  of  Scotland, 

The  specimens  which  I  have  collected  from  the  above  formation  are 
80  few  and,  for  the  most  part,  so  fragmentary,  that  it  wonld  have  been, 
hardly  worth  while  to  mention  them  but  for  the  consideration  that 
such  objects  have  not,  to  my  knowledge,  been  previously  noticed  in 
any  formation  in  this  country,  and,  further,  that  not  only  do  they 
appear  in  strata  of  more  recent  age  than  those  in  which  I  have 
met  with  them  in  America,  but  they  also  show  a  close  relationship 
to  those  jaws  which  come  from  the  Cambro-Silurian  formation.  The 
paucity  of  my  collection  is  due  to  the  fact  of  its  having  been  the 
result  of  only  two  days'  search  in  two  or  three  adjoining  quarries  in  one 
locality ;  but,  judging  from  the  variety  of  small  detached  fragments, . 
it  is  not  improbable  that  a  search  specially  made  for  these  minute  re- 
mains will  show  that  they  are  as  abundant  in  Britain  as  in  Canada. 
The  shaly  limestone  in  which  the  specimens  were  imbedded  does  not 
appear  so  favourable  for  preserving  them  as  the  more  arenaceous  de- 
posits ;  but  they  have,  when  not  too  much  weathered,  the  same  black 
glistening  appearance,  and  are  in  a  similarly  detached  condition. 

I  am  only  able,  from  the  fragmentary  state  of  the  fossils,  to 
give  descriptions  of  four  jaws,  three  of  which  I  include  in  one 
species  of  the  genus  Eunicites,  and  one  belongs  to  the  generally  dis- 
tributed genus  Arabellites,  All  the  examples  are  from  limestone 
quarries  at  Cults,  in  Eifeshire. 

EuNiciTBs  AFFiNis,  Hiudc,    (PI.  XX.  figs.  21,  22,  23.) 

The  imperfect  specimen  (fig.  21)  consists  of  the  front  portion,  with 
two  upright  blunted  teeth,  of  a  jaw  apparently  resembling  that  of 
Eunicites  major  from  the  Cincinnati  group.  The  length  of  the  frag- 
ment is  1|  line,  and  its  width  |  line. 

Fig.  22  is  a  simple  elongated  jaw  with  a  short  curved  tooth,  the 
posterior  portion  expanded  and  flattened,  whilst  the  narrow  part  is 
angular  in  section.     Length  1^  line. 

This  appears  to  be  one  of  the  paired  pincers  of  Eunicites ;  it  is 
similar  to  the  form  described  as  E.  simplex,  also  from  the  Cincinnati 
group ;  but  the  hook  is  shorter  and  more  strongly  curved,  and  the 
extremity  is  more  compressed. 

Fig.  23  is  a  small,  compressed,  oblong  plate  with  ^ye  rounded  teeth, 
of  which  the  first  is  curved  and  projects  outwards,  and  the  other  four 
are  short,  straight,  and  subequal.  It  may  be  a  portion  of  a  jaw 
belonging  to  Eunicites ;  from  its  occurrence  in  close  proximity  with 
the  simple  hook,  fi%.  22,  it  is  not  unlikely  to  have  been  from  the  same 
Annelid  as  that  specimen. 

Arabbllitbs  8COTICT7S,  Hiude.     (PI.  XX.  fig.  24.) 

Jaw  crescentiform,  concave,  rounded  in  front,  the  posterior  blunted 
end  somewhat  truncate.  On  the  arched  crest  eight  teeth  can  be 
distinguished,  of  which  the  first  is  considerably  longer  than  the  rest ; 
but  as  this  and  the  following  two  have  been  pai-tially  crushed,  their 
original  form  cannot  be  satisfactorily  ascertained.     The  smaller  teeth 


Digitized  by 


Google 


PAUBOZOIC  SOCKS  IN  CANADA  AND  SCOTLAND.  387 

'6  blunted  and  directed  backwards.     Length  of  the  crest  1 J  line, 
om  the  large  tooth  to  the  point  below  |  line. 
This  species  is  allied  to  A.  lunatus  (PI.  XIX.  ^g.  6),  but  differs 
ierefrom  in  being  wider  and  truncate,  as  well  as  in  the  form  of 
B  teeth. 

Summary. 

In  the  preceding  pages  I  have  described  55  different  forms  of 
ws,  of  which  there  are  33  from  the  Cincinnati  group,  13  from 
e  Niagara  and  Clinton  group,  7  from  the  Hamilton  group,  of  the 
inadian  rocks,  and  2  from  the  Lower  Carboniferous  in  Scotland, 
tie  respective  numbers  included  under  the  different  genera  are  as 
llows : — EuniciUs  14  forms,  (Enonites  10,  Arabellites  19,  Stauro-- 
phaliUs  1,  Lumh-iconereites  4,  Nereidavus  1,  Glycerites  3,  whilst  3 
rms  are  not  referred  to  any  genus.  Of  many  of  the  forms  there 
e  numerous  examples,  whilst  others  are  represented  only  as  single 
ecimens.  Whilst  there  is  thus  shown  a  predominance  of  forms 
longing  to  the  genera  EuniciUs^  (Enonites^  and  Arahellites  (on 
count  of  the  number  and  variety  of  the  different  jaws  in  the 
dividuals  of  these  genera,  which  renders  the  work  of  classification 
a  certain  extent  doubtful),  no  definite  conclusions  can  be  drawn  as 
the  relative  abundance  of  the  different  genera.  It  is  quite  possi- 
e  that  the  number  of  species  represented  may  be  less  than  half  the 
imber  of  forms  to  which  I  have  given  names  and  descriptions,  and 
ey  will  therefore  have  to  be  accepted  more  for  palaDontological 
ference  than  as  indicating  so  many  separate  species  of  these 
melids.  It  is  possible  that  future  discovery  will  bring  to  light 
me  of  these  fossil  Annelids  with  their  jaw-plates  in  their  reepec- 
re  positions,  which  will  enable  many  of  the  forms  described  to  be 
aced  under  a  single  species ;  in  the  mean  time  I  have  thought  that  it 
>uld  be  of  interest  to  geologists  to  show,  what  had  previously  been 
ferred  from  the  trails  and  markings,  that  Errant  Annelids  were 
ry  abundant  in  the  Palaeozoic  rocks,  and  that,  judging  from  their 
9VS,  many  of  them  were  closely  related  to  existing  forms. 

EXPLANATION  OF  THE  PLATES. 
Plate  XVIII. 

Fo«il  Annelid  Jaws  from  the  Cincinnati  Group. 

Fig.  1.  EunicUes  major,  H. :   x  3.    Toronto. 

2,  3.  vaHans,  Grinnell :   X  6.    Toronto. 

4.  contortust  H. :   X  8.    Toronto. 

5.  varians,  Grinnell :   X  3^.     Toronto. 

6.  perdeniatus.B..:   X  1ft.     Toronto. 

7.  (Enonites  curvidens,  H. :   X  15.    Toronto. 

8.  inaqualis.Hr.  X  13.    Toronto. 

9.  serratus,  H. :   X  12.     Toronto. 

10.  roniratus,  H. :   X  15.     Toronto. 

11.  cuneatus.Yi.'.  x  16.    Toronto. 

12.  Arahellites  hamatus,  H. :   X  20.     Toronto 

13.  cornutus,  H. :   X  12.    Toronto. 
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ArabdliUs  eamuius,  H. :  X  10.    Toronto. 
— ,  H.:  X  6.    Toronto. 
-  avalis,  H. :   X  10.    Toronta 

(ucialia,  H. :  X  13.    Toronto. 

rectus,  H. :   x  5.    Toronto. 

ciispidaiua,  H. :   X  7.    Toronto. 

^^.  Lumbriconereitesdaciylodus^'Ei.:  X  6.    Toronto. 
21.  Arabellites  gibboms,  H.:  X  10.    Toronto. 


Plate  XrX. 

From  the  Cincinnati  Group. 

Fig.  1.  GlyceriiesBulcatuSylL.:  x  13.    Toronto. 
2.  Eunicites  simplex,  H. :   X  13.    Toronto. 

3. gracilis,  H. :  X  14.    Toronto. 

4.  Arabellites  lunaius,  H. :   X  13.    Toronto. 

5. ,  H. :  X  10.    Toronto. 

6. ,  H. :   X  12.    Toronto. 

7.  crisiatus,  H. :  X  13.    Toronto. 

8.  cervicomis,  H. :   X  14.    Toronto. 

9.  crenulatus,  H. :   X  14.    Toronto. 

10.  GlgcerUes8ulcaius,mT.excavatvs:  x  15.    Toronto. 

11.  Arabellites  pectinatus,U.:  X  16.    Toronto. 

12.  cervicomis,  H. :  X  14.    Toronto. 

13.  Eunicites?  digit(Utts,ll.:   X  12.     Toronto. 

14.  Arabellites  quadraius,  H. :   X  15.    Toronto. 

15.  ?  oblimtus^'B..:  X  11.    Toronto. 

16.  scutellatus,  H. :   X  16.    Toronto. 

17.  Sp.  ind. :   X  14.    Toronto. 

18.  X  12.    Toronto. 

19.  (En(mUes?carinattts,B..:  X  14.    Toronto. 

20.  Sp.  ind. :  X  15.    Toronto. 

From  the  Clinton  and  Niagara  Groups. 

21.  Etmieites  clintonensis,  H. :   X  13.     Dundas,  Ontario.    (Cfoton.) 

22.  Lumbriconereites  basalts,  H. :   X  10.    Dundas.     (Clinton.) 

23.  (Enonites  amplus,  H. :  X  14.    Dundas.    (Clinton.) 


PlatkXX. 

Fig.  1.  Staurocephalites  niagarensis,  H. :   X  14.    Dundas.    (Niagara.) 

2.  (Eiionifes?  infreqttens,  K, :  X  14.     Dundas.    (Niagara.) 

3.  fragilis,U.:  X  14.    Dundas.     (Clinton.) 

4.  Lumbriconereites  triangularis,  H. :   X  10.    Dundas.    (Clinton.) 

5.  Arabellites  elcgans,  H. :   X  15.    Dimdas.    (Clinton.) 

6.  Lumbriconereites  armatus,  EL :   X  10.    Dundas.     (Clinton.) 

7.  Arabellites  elegans,  H. :   X  14.    Dundas.    (Clinton.) 

8.  similis,  H. :   X  17.    Dundas,  Ontario.    (Niagara.) 

9.  Eunicites  coronafus,  H. :   X  14.     Dundas.     ^Clinton.) 

10.  chiromorphits,  H. :   X  12.     Dundas.     (Clinton.) 

11.  Glyceriies  calceolus,'R.:   X  13.     Dundas.     (Clinton.) 

12.  Nereidavus  solitarius,  H. :   X  15.     Ririere  au   Sable,  Ontario. 

(Hamilton.) 

13.  (Enonites  compactus,  H. :  X  14.    RiTi^re  au  Sable.    (Hamilton.) 

14.  15.  Eunicites?  alvcolatus,  H. :   X  15.   Riviere  au  Sable.   (Hamil- 

ton.) 

16.  tumidus,  H. :   x  13.    Riviere  au  Sable.    (Hamilton.) 

17.  palmatus,K.:  X  15.    Riviere  au  Sable.    (Hamilton.) 

18.    nanus,  H. :   x  15.    Riviere  au  Sable.    (Hamilton.) 
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Fig.  19.  ArabeUUespolitus,  H. :  X  15.    RiTidre  an  Sable.    (Hamilton). 

20.  shnUis,  rar.  arcuatus :  X  18..  From  the  Lower  Carboni- 
ferous of  Scotland.    Riyi^ro  au  Sable.  (Hamilton.) 

21, 22, 23.  Eunicites  affinia^  H.  Culto,  Fifeehire.  (Lower  Carboni- 
ferous.) 

24.  ArabellUes  scoticua,  H. :  X  10.  Cults,  Fifeshire.  (Lower  Car- 
boniferous.) 

Discussion. 

Dr.  WooDWAKD  expressed  his  admiration  of  the  labour  and  re- 
search displayed  in  these  papers.  He  was  satisfied  that  the  conclu- 
sions as  regards  the  Annelid  jaws  were  correct ;  but  that  the  Cono- 
donts  belonged  to  Myxinoid  fishes,  he  thought  was  more  doubtful, 
and  he  suggested  that  they  might  possibly  be  the  lingual  armature 
of  Nudibranchs.  Though  some  of  the  Annelid  jaws  were  not  unlike 
the  maxillipeds  of  Crustacea,  the  Conodonts  had  no  such  resemblance. 

Dr.  Hicks  asked  if  the  author  had  examined  earlier  formations 
than  the  Chazy  and  Cincinnati  groups  for  remains  of  this  character ; 
for  Annelids  were  very  abundant  in  the  Cambrian  epoch,  though 
they  had  apparently  loft  no  remains  in  the  form  of  jaws. 

Kev.  J.  F.  Blaki!  said  he  had  a  fossil  impression  of  an  Annelid 
from  the  Ludlow  rocks  near  Llandovery. 

Mr.  HiNDE  said  he  had  not  found  remains  earlier  than  ic  the  rocks 
which  he  had  described. 
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31.  A  CoNTRiBimoN  to  the  History  of  Mineral  Veins. 
By  J.  Arthto  Phillips,  Esq.,  F.G.S.     (Read  April  30,  1879.) 

Certain  districts  in  California  are  remarkable  for  their  hot  springs ; 
and  'in  some  of  the  connties  included  between  the  38th  and  40th 
parallels;  and  consequently  north  of  the  city  of  San  Francisco, 
sources  of  this  description  are  of  such  frequent  occurrence  that, 
when  viewed  from  elevated  ground,  almost  every  valley  is  seen  to 
be  more  or  less  occupied  by  wreaths  of  steam  rising  from  a  flow  of 
highly  heat^  waters. 

The  vents  giving  issue  to  these  heated  waters  usually  evolve 
carbonic  acid,  which  is  frequently  accompanied  by  various  sulphurous 
gases ;  such  waters  are  generally  alkaline,  containing  carbonate 
and  sulphate  of  sodium,  as  well  as,  occasionally,  alkaline  borates. 
They  generally  give  rise  to  abundant  local  incrustations  of  either 
silica  or  calcite,  usually  more  or  less  mixed  with  free  sulphur. 
These  deposits  of  sinter  often  extend,  in  nearly  horizontal  layers, 
to  a  considerable  distance  from  the  orifices  from  which  the  waters 
issue. 

When  water  is  ejected  from  such  vents  in  the  form  of  steam  and 
spray  only,  while  gases  are  abundantly  given  off  and  large  amounts 
of  sulphur  deposited,  the  aperture  becomes  a  solfatara. 

One  of  the  largest  known  deposits  of  sulphur  in  California  occurs 
in  Lake  County,  a  mile  beyond  the  ridge  which  bounds  Borax  Lake 
on  its  north-eastern  side,  and  is  many  acres  in  extent.  This  "  Sul- 
phur Bank,"  as  it  is  called,  is  composed  of  a  much  decomposed 
volcanic  rock,  traversed  by  numerous  fissures,  from  which  gases, 
steam,  and  water,  either  in  the  form  of  spray  or  of  vapour,  constantly 
issue ;  and  upon  and  throughout  the  entire  mass  sulphur  has  been 
deposited  in  such  large  quantities  that,  at  a  short  distance,  the  whole 
appears  to  consist  of  that  substance.  In  the  immediate  neighbourhood 
of  this  solfatara  are  springs  which  give  off  carbonic  acid,  and  of 
which  the  waters  contsun  carbonates  of  sodium  and  of  ammonium, 
chloride  of  sodium,  borax,  &c. 

The  sulphur  from  this  locality  always  contains  a  small  amount 
of  mercury  in  the  form  of  cinnabar,  and  the  sides  of  the  fissures  in 
the  volcanic  rock  through  which  the  gases  and  water  make  their 
escape  are  sometimes  coated  with  gelatinous  silica,  beneath  which  is 
a  layer  of  chalcedony  resting  upon  a  stratum  of  crystalline  quartz. 
This  siliceous  deposit  frequently  contains  pyrites  and  a  notable  per- 
centage of  cinnabar,  or  is  stained  by  a  tarry  hydrocarbon  ;  while  the 
crystals  of  quartz  often  enclose  liquid-cavities  in  which  the  usual 
bubbles  are  distinctly  visible. 

In  the  year  1866  I  visited  Borax  Lake  and  the  neighbouring 
Sulphur  Bank  in  company  with  Mr.  R.  Oxland,  of  PljTuouth,  who 
was  the  first  to  call  attention  to  the  presence  of  cinnabar  in  the 
sulphur  from  this  locality ;  and  in  1 868  I  published^  in  the  *  Philo- 
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Bophical  Magazine/  a  paper  advocating  the  probability  of  certain 
mineral  deposits  having  been  the  result  of  hydrothermal  or  solfataric 
action*. 

For  some  years  subsequent  to  my  visit  this  solfatara  was  worked 
as  a  source  of  sulphur  only ;  but  during  these  operations  so  large 
an  amount  of  cinnabar  was  discovered,  both  in  the  decomposed 
basaltic  rock  and  in  the  Cretaceous  strata  through  which  it  has  been 
erupted,  as  ultimately  to  lead  to  the  opening  up  of  the  cooler  por- 
tions of  the  Sulphur  Bank  as  a  mercury-mine.  This  has  long 
yielded  large  quantities  of  quicksilver,  and  affords  a  striking  and 
instructive  example  of  a  recently  formed  mineral  deposit  resulting 
from  agencies  still  somewhat  actively  in  operation;  on  the  table 
before  me  will  be  found  not  only  specimens  of  this  cinnabar  but 
also  a  specimen  of  a  thin  section  of  recently  formed  quartz  from  the 
face  of  a  fissure  in  the  decomposed  basaltic  rock. 

Many  years  since,  Mr.  Oxland  found  a  notable  amount  of  silver 
in  the  sinter-like  deposit  from  a  hot  spring  in  the  county  of  Colusa ; 
and  Professor  Whitney,  previous  to  1865,  had  been  shown  at  Clear 
Lake  some  peculiar  and  interesting  specimens  of  water-worn  cin- 
nabar enclosing  specks  of  gold,  said  to  have  been  found  near  Sul- 
phur Springs  in  the  same  county  of  Colusa  f. 

These,  ^om  being  water-woiii,  and  from  not  having  been  found 
in  gitu,  had  necessarily  lost  a  certain  portion  of  the  interest  which 
would  have  otherwise  been  attached  to  them ;  but  through  the 
kindness  of  Mr.  Melville  Attwood,  of  San  Francisco,  a  Fellow  of 
this  Society,  1  am  enabled  to  lay  before  you  this  evening  a  specimen 
of  cinnabar  from  Colusa  County,  which,  having  been  formed  upon 
one  of  the  surfaces  of  a  fissure,  has  subsequently  become  covered  by 
a  brilliant  deposit  of  metallic  gold. 

Steamboat  Springs,  in  the  State  of  Nevada,  are  situated  near 
the  base  of  a  volcanic  hill  seven  miles,  in  a  direct  line,  north-west 
of  Virginia  City  and  of  the  famous  silver-mines  on  the  Great  Com- 
stock  lode. 

The  rock  at  this  place  is  traversed  by  several  parallel  fissures, 
which  either  give  issue  to  heated  waters  or  simply  throw  off  clouds 
of  steam.  The  most  active  group  of  these  crevices  comprehends 
five  parallel  longitudinal  openings  extending,  nearly  in  a  straight 
line,  for  a  distance  exceeding  a  thousand  yards ;  their  general 
direction  is  nearly  north  and  south,  and  all  of  them  are  included 
within  a  zone  two  hundred  yards  in  width.  These  crevices  are 
sometimes  filled  with  boiling  water  which  overflows  in  the  form 
of  a  rivulet ;  while  at  others  violent  ebullition  is  heard  to  be  taking 
place  at  a  short  distance  below  the  surface. 

These  fissures  are  lined  with  a  siliceous  incrustation,  which  is 
being  constantly  deposited,  while  a  central  longitudinal  opening 
allows  of  the  escape  of  gases,  steam,  and  boiling  water.  The 
water  is  slightly  alkaline,  and  contains  carbonate  of  sodium,  sul- 

*  "Notes  on  the  Chemical  Geology  of  the  Gold-fielda  of  California,'*  by  J. 
Arthur  Phillips,  Phil.  Mag.  1868,  toI.  xxxvi.  p.  321. 
t  Geological  Suryey  of  Califomia,  yol.  i.  p.  92. 


Digitized  by 


Google 


392  J.  A.  PHtLLIPS  OX  XIKERAL  TETSS, 

phate  of  Bodium,  common  salt,  &c.  Carbonic  acid  escapes  nearly 
along  the  whole  line ;  while  sulphuretted  hydrogen  is  evolved  and 
sulphur  deposited  at  certain  points.  The  fissures,  which  appear  to 
have  been  subjected  to  a  series  of  repeated  widenings,  such  as 
would  result  from  an  unequal  movement  of  their  walls,  are  lined, 
sometimes  to  a  thickness  of  several  feet,  by  incrustations  of  silica 
of  various  degrees  of  hydration,  containing  hydrated  ferric  oxide 
and,  exceptionally,  crystals  of  iron  pyrites.  This  silica  exhibits  the 
ribbon-like  structure  so  frequently  observed  in  mineral  veins,  and 
when  examined  under  the  microscope  is  observed  to  consist  of  alter- 
nately amorphous  and  crj'stalline  bands,  sometimes  enclosing  druses 
lined  with  crystals  of  quartz. 

At  a  distance  of  nearly  a  mile,  in  a  westerly  direction,  from  the 
locality  above  described  is  a  second  group  of  fissures  in  every  respect 
similar  to  those  of  Steamboat  Springs,  excepting  that  they  are  no 
longer  traversed  by  hot  water,  although  still  at  various  points  giving 
off  steam  and  carbonic  acid.  Towards  the  southern  extremity  of 
the  principal  fissure  of  this  group  the  siliceous  deposit  extends  con- 
siderably beyond  the  edges  of  the  cleft,  and  has  accumulated  to  a 
distance  of  some  ninety  yards  on  each  side  of  the  opening. 

The  silica  of  this  deposit  is  sometimes  chalcedonic  and  contains 
nodules  of  hyalite ;  by  far  the  larger  proportion  of  it,  however,  although 
somewhat  friable,  is  distinctly  crystalline,  the  crystals  containing 
numerous  liquid-cavities  and  exhibiting  the  usual  optical  and  other 
characteristics  of  ordinary  quartz.  Besides  oxides  of  iron  and 
manganese,  thb  quartz  contains  small  quantities  of  iron  and  copper 
pyrites;  and  in  a  paper  on  the  Gold  Regions  of  California,  pub- 
lished in  the  '  Annales  des  Mines '  in  1863,  Mr.  Laur  states  that  he 
had  found  it  to  contain  distinct  traces  of  gold.  With  regard  to  these 
deposits,  this  gentleman  remarks  that,  so  far  as  auriferous  quartz 
veins  are  concerned,  Steamboat  Springs  appear  to  place  before  us  a 
sort  of  practical  verification  of  the  theory  which  regards  a  certain 
class  of  metalliferous  deposits  as  being  produced  by  mineral  waters 
in  the  fissures  through  which  they  circulate*. 

For  many  years  local  attention  does  not  appear  to  have  been 
directed  to  this  portion  of  the  Steamboat  Valley ;  but  in  the  year 
1878  this  older  fissure  was  opened  by  a  tunnel  to  a  depth  of  fifty 
feet  from  the  surface,  and  the  veinstone  was  there  found  so  im- 
pregnated with  cinnabar  as  to  yield  large  quantities  of  mercurial 
ore  of  considerable  commercial  value  t.  At  this  depth  the  tem- 
perature was  not  sufficiently  high  to  cause  inconvenience  to  the 
workmen,  and  five  samples  of  the  ore  subjected  to  assay  gave  an 
average  yield  of  2*90  per  cent,  of  merctiry. 

Samples  taken  from  the  nearly  horizontal  flata  produced  by  the 
overflow  of  the  water  yielded,  on  the  contrary,  traces  only  of  that 
metal. 

Steamboat  Springs  thus  afford  another  striking  example  of  the 

«  Annalee  det  Mines,  1863,  p.  423. 

t  Messrs.  Humbert,  Mining  Bngineers,  San  Franoisoo.  Private  oommuni- 
cation. 
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recent  formation  of  a  considerable  metalliferons  deposit  by  the  agency 
of  hot  springs ;  and  I  am,  again  through  the  kindness  of  Mr.  Att- 
wood,  enabled  to  lay  before  the  Society  a  specimen  of  cinnabar  from 
this  place. 

In  further  illustration  of  the  subject  I  may  mention  the  de])08it 
of  bright  red  cinnabar  in  a  brecciated  vein-mass  near  the  hot  springs 
at  CalLstoga,  at  the  foot  of  Mount  St.  Helena.  Here  fragments 
of  an  amorphous  siliceous  rock  are  cemented  together  by  crystallized 
quartz  showing  distinct  lines  of  accretion ;  and  throughout  this  minute 
granules  of  sulphide  of  mercury  are  plentifully  disseminated.  A 
hand  specimen  and  a  thin  section  of  this  Teinstone  are  on  the  table. 

The  Great  Comstock  lode  is,  as  before  stated,  situate  in  a  volcanic 
district  seven  miles  south-east  of  Steamboat  Springs,  has  a  nearly 
similar  orientation,  and  is  enclosed  between  walls  either  of  propylite 
or  of  diorite  on  one  side  and  of  propylite  on  the  other.  .  This  vein, 
of  which  the  gangue  is  chiefly  siliceous,  although  calcite  is  also 
sometimes  present,  was  first  attacked  by  the  miner  in  the  year 
1859,  and  since  that  time  has  yielded  silver  and  gold  to  the  esti- 
mated value  of  above  £60,000,000. 

The  temperature  of  the  waters  issuing  from  mines  worked  upon 
the  Comstock  lode  has  always  been  somewhat  high,  but  it  was  not 
until  they  had  attained  a  very  considerable  depth  below  the  surface 
that  the  workmen  first  became  inconvenienced  by  extraordinary  heat. 
At  their  present  greatest  depth  (2660  feet)  water  issues  from  the 
rock  at  a  temperature  of  167°  Fahr.  (70°  C.) ;  and,  according  to  Prof. 
John  A.  Church,  of  Ohio,  who  has  recently  published  a  valuable 
paper  on  the  heat  of  the  Comstock  mines,  at  least  4,200,000  tons  of 
water  are  now  annually  pimiped  from  the  workings  at  a  minimum 
temperature  of  135°  Fahr.*  Ho  also  estimates  that  to  elevate 
such  a  large  volume  of  water  from  the  mean  temperature  of  the 
atmosphere  to  that  which  it  attains  in  the  mines,  would  require 
47,700  tons  of  coal.  In  addition  to  this,  however,  7859  tons  of 
coal  would,  he  calculates,  be  required  to  supply  the  heat  absorbed 
by  the  air  which  passes  along  the  various  shafts  and  galleries  through 
which  it  is  diverted  for  the  purposes  of  ventilation.  It  follows, 
therefore,  that  to  develop  the  total  amount  of  heat  necessary  to 
raise  the  water  and  air  circulating  in  these  mines  from  the  mean 
temperature  of  the  atmosphere  to  that  which  they  respectively 
attain,  55,560  tons  of  coal  or  97,700  cords  of  firewood  would  bo 
annually  required. 

Prof.  Church,  in  his  paper,  quotes  four  distinct  analyses  of  waters 
from  the  Comstock  lode  taken  at  difierent  depths ;  these,  as  might 
have  been  anticipated,  vary  somewhat  as  to  the  relative  proportions 
of  the  various  substances  present ;  but  they  contain  on  an  average 
42-62  grains  of  solid  matter  to  the  gallon.  Of  this  amount,  20*74 
grains  are  calcic  sulphate,  12*13  grains  carbonate  of  potassium, 
485  grains  carbonate  of  sodium,  and  '66  grain  of  chloride  of  sodium. 

*  "  The  Heat  of  the  Comstock  Mines,**  by  Jobn  A.  Church,  E.M.,  Professor 
of  Mining  in  the  Ohio  State  University.  Preeented  to  the  American  Institute 
of  Mining  Engineers  at  the  Chattanooga  Meeting,  May  1878. 
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In  order  to  ascertain,  approximately,  to  what  extent  the  production 
of  the  large  amount  of  heat  ahsorhed  hy  the  water  may  he  ascrihed 
to  oxidation  of  sulphur  and  iron,  the  Professor  first  calculates  the 
quantity  which  would  he  developed  by  the  oxidation  of  pyrites 
equivalent  to  the  calcic  sulphate  in  solution.  But  having  found 
that  this  amounts  to  only  j^  part  of  that  required,  he  subsequently 
seeks  another  solution  for  the  difficulty,  and,  without  bringing  for- 
ward any  calculations  in  support  of  the  hypothesis,  attributes  this 
enormous  development  of  heat  to  the  kaolinization  of  felspar  con- 
tained in  the  adjacent  rocks. 

If,  however,  we  apply  to  the  kaolinization  of  felspar  for  the  heat- 
ing of  water  alone  a  somewhat  similar  line  of  reasoning  to  that 
adopted  by  Prof.  Church  regarding  the  oxidation  of  pyrites,  we  shall 
find  that  this  source  of  heat  is  also  utterly  inadequate  to  produce  the 
effects  observed. 

The  average  proportion  of  alkalies  contained  in  the  rocks  of  the 
district  is  6*40  per  cent.,  while  the  mean  of  the  published  analyses 
gives  11*30  grains  of  alkalies  in  58,373  grains  (U.  S.  gallon)  of 
mine-water.  It  consequently  follows  that  the  4,200,000  tons  of 
water  annually  pumx>ed  out  of  the  workings  must  contain  813  tons 
of  alkalies,  and  that,  as  these  are  present  in  the  rocks  in  the  pro- 
portion of  6-40  per  cent,,  the  felspar  in  12,703  tons  of  rock  must 
be  annually  kaolinized  and  the  whole  of  the  alkalies  removed  in 
solution. 

The  amount  of  rock  in  which  the  felspar  has  been  kaolinized 
being  12,703  tons,  and  the  number  of  tons  of  water  pumped  out  of 

the  mines  4,200,000,  it  follows  that    '       '       =330  is  the  number 

of  tons  of  water  heated  by  each  ton  of  altered  rock. 

In  order,  therefore,  that  one  ton  of  rock  should  be  enabled  to  heat 
330  tons  of  water  only  I*'  Fahr.,  and  if  the  specific  heat  of  these  rocks 
be  taken  at  '1477,  which  is  that  of  blast-fiirnace  slags,  it  would  re- 
quire to  be  heated  by  the  kaolinization  of  its  felspar  to  a  temperature 
above  that  of  molten  gold.  Consequently  to  raise  the  water  85^ 
or  to  a  temperature  of  135^,  at  which  it  issues,  the  kaolinization 
of  the  felspar  in  each  ton  of  rock  would  require  to  elevate  it  to 
an  extent  we  are  unable  to  estimate,  since  there  are  no  means  of 
ascertaining  the  specific  heat  of  bodies  at  such  enormously  high 
temperatures. 

It  is  therefore  evident  that  the  kaolinization  of  felspar  is  no 
more  than  the  oxidation  of  pjTites  an  adequate  cause  to  account 
for  the  heat  of  the  Comstock  lode ;  and  in  the  present  state  of  our 
knowledge  we  cannot  regard  this  phenomenon  otherwise  than  as 
being  a  last  trace  of  volcanic  activity.  Prof.  Church  adduces  the 
high  temperature  of  the  waters  of  Steamboat  Springs  as  a  proof  that 
the  rocks  of  this  region  are  capable  of  producing  sufficient  heat  to 
raise  large  quantities  of  water  to  the  boiling-point ;  but  these  springs 
give  rise  to  an  evolution  of  sulphuretted  hydrogen  and  to  a  depo- 
sition of  sulphur,  which  cannot  be  results  of  the  decomposition  of 
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felspar.  It  is  probable  that  the  Gomstock  lode  and  the  hot  springs 
in  Uie  Steamboat  Yalley  may  have  bad  a  somewhat  similar  origin  ; 
but,  in  the  case  of  the  former,  volcanic  agencies  are  no  longer 
actively  in  operation,  while  both  sulphnr  and  sinter  have  long  since 
been  removed  from  the  surface  by  denudation. 


DiscirssioH. 

The  Pbbsidbnt  remarked  upon  the  interest  of  the  paper  in  illns- 
trating  the  method  of  formation  of  mineral  veins,  and  asked  what 
the  author's  opinion  was  as  to  the  mode  in  which  cinnabar  and  gold 
were  brought  up. 

Mr.  Bavsrmak  said  that  in  the  district  described  by  Mr.  Phillips 
these  phenomena  were  to  be  seen  perhaps  on  the  largest  scale  in 
the  world.  He  thought  that  these  deposits  of  sulphides  of  volatile 
metals  illustrated  those  in  other  parts  of  the  world,  as  at  Almaden, 
in  Spain.  There  the  cinnabar  occurred  in  a  pit  which  was  almost 
vertical,  and  might  be  described  as  a  siliceous  sponge  infiltrated 
with  cinnabar.  At  the  Solfatara,  Naples,  sulphides  of  arsenic  oc- 
curred in  the  same  way ;  and  at  Mieres,  in  Leon,  arsenic  and  mercury 
were  extracted  from  the  same  deposit.  In  these  deposits  also  we 
had  gold,  probably  reduced  from  a  chloride  by  sulphide  of  mercury. 

Mr.  Attwood  corroborated  the  statements  of  the  author  from  his 
knowledge  of  the  district.  Three  years  ago  the  lower  workings  of 
the  Gomstock  lode,  some  2300  feet  below  the  surface,  were  found  to 
be  extremely  warm,  about  100^  Fahr. ;  and  at  the  same  time  the 
surrounding  vein-matter  contained  only  about  1  per  cent,  of  sul- 
phides and  about  99  per  cent,  of  silica,  showing  that  the  decom- 
position of  the  sulphides  could  not  produce  the  greatly  increased 
temperature. 

Mr.  Tvkdhov  spoke  of  mines  in  Brazil  where  the  heat  was  incon- 
siderable, and  said  that  in  those  mines  the  gold  was  invisible  and 
enclosed  in  either  magnetic  pyrites,  ordinary  iron-pyrites,  or  arse- 
nical pyrites,  in  the  last  in  the  greatest  quantity,  in  the  first  the 
least ;  there  was  also  about  20  per  cent,  of  silver. 

Prof.  Jmn  recalled  the  case  of  the  volcano  of  Volcano,  where 
there  were  many  small  vents  depositing  sulphide  of  arsenic,  and  at 
night  a  coloured  hydrogen  flame  could  be  seen  above  these  vents. 

Prof.  Rahsat  said  he  had  always  held  that  mineral  bodies  had 
been  deposited  from  solutions,  not  sublimations,  and  inquired  if  the 
author  thought  it  likely  that  in  the  case  of  the  reefs  of  Australia, 
if  they  were  deep  beneath  the  surface  and  permeated  by  water,  the 
gold  might  have  been  deposited  from  a  state  of  solution  in  that 
water. 

Mr.  TmtDBov  said  that  there  was  no  ore  in  the  joints  in  the 
clay-slate  strata  containing  the  mine  he  had  described,  but  only  in 
the  fissure  or  walls  of  contact. 

The  ArxHOR  said  he  had  not  attempted  to  explain  the  chemical 
actions  which  took  place.     The  purpose  of  the  paper  was  to  show 
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that  these  processes  were  now  going  on,  and  that  silica  might  crys- 
tallize slowly  after  deposition.  He  thought  that  a  volatile  mineral 
like  cinnabar  woidd  be  carried  over  by  steam  at  a  not  very  high 
temperature.  He  doubted  whether  silica  and  gold  could  be  vola- 
tilized at  such  temperatures ;  in  most  of  these  vents  water  in  the 
form  of  spray  appeared  to  be  present,  and  gold  and  quartz  were, 
he  thought,  brought  up  in  solution  by  it.  The  groat  division  of 
the  gold  might  be  explained  by  it  and  the  pyrites  being  formed  pari 
passu.  He  had  never  been  in  Australia ;  but  in  California  he  had 
never  seen  an  interstratified  gold  vein,  but  they  were  always 
true  veins ;  and  he  did  not  think  that  quartz  veins  once  formed 
became  subsequently  impregnated  with  gold.  No  vein  with  gold 
was  over  practically  of  much  value  imless  it  had  sulphides  in  it,  such 
as  pyrites  or  galena. 
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32.  On  the  Soxttheblt  Exxensiok  of  the  Hesslb  Boulbeb-clat  in 
LnrcoLNSHiRE.  By  A.  J.  Juees-Bbowkb,  Esq.,  B.A.,  F.G.S. 
(Bead  March  26,  1879.) 

(Communicated  by  permisfdon  of  the  Birector-General  of  the 
Geological  Survey.) 

Ck>8TBNTS. 

Introductioo. 

Extension  of  the  Hessle  Clay  in  East  Lincolnshire. 

Description  of  the  Hessle  Beds  along  the  north  border  of  the  Fenlaud. 

The  origin  and  mode  of  formation  of  the  Hessle  Clay. 

The  Age  and  Equiyalents  of  the  Hessle  day. 

Introduction, 

Thb  group  of  beds  to  which  in  1867  Messrs.  Wood  and  Eome 
gaye  the  name  of  Hessle  Sand  and  Clay  *  have  recently  been  in- 
vested with  much  greater  interest  and  importance  than  was  originally 
attached  to  them  by  these  geologistfl  when  they  first  separated 
them  from  the  other  glacial  deposits  and  described  their  mode  of 
occurrence  in  the  typical  district  of  Holdemess. 

In  a  communication  to  the  *  Geological  Magazine '  for  1872  f, 
Mr.  Searles  Wood,  jun.,  states  that  he  and  Mr.  Home,  subsequenUy  to 
the  publication  of  their  joint  paper,  "  traced  an  Upper  Boulder-day 
and  underlying  sand  through  the  Vale  of  York  into  that  of  the  Tees, 
which  seemed  to  be  a  continuation  of  the  Hessle  Clay  and  Sand." 
They  noticed  that  the  thickness  of  the  clay  was  greater  in  the  north 
than  along  the  Holdemess  coast,  and  stated  that  they  had  reason 
for  thinking  the  same  beds  extended  into  Cumberland  and  even  into 
Scotland. 

The  same  authors  had,  in  1870,  suggested  the  possibility  that  this 
sand  and  clay  might  correspond  with  the  middle  and  upper  members 
of  the  glacial  series  in  the  north-west  of  Eugland  ;  and  in  his  latest 
paper  (1878)  t  ^^  ^^  ^-  S.  Wood  expressing  his  belief  that  the 
Hessle  beds,  ''  in  the  form  of  a  (so  called)  Middle  Sand  and  Upper 
Boulder-clay  with  occasional  boulders,  extend  over  the  lower  ground 
intervening  between  the  Pennine  chain  and  the  coast  in  Cumber- 
land, Lancashire,  and  Cheshire,  and  reach  along  the  north-west 
coast  as  far  south  at  least  as  the  north  of  Carnarvonshire."  He 
remarks  upon  the  similarity  of  the  fauna  contained  in  these  Middle 
Sands  to  that  found  in  the  gravel  and  sand  underlying  the  Hessle 
Clay  ;  and  he  speaks  of  the  southerly  extension  of  this  deposit  in 
the  following  terms: — "The  southern  limit  of  the  Hessle  Clay 
appears  to  be  at  Firsby,  on  the  northern  edge  of  the  Lincolnshire  Fen ; 
and,  60  far  as  I  know  it,  the  southern  limit  of  the  upper  clay  of  the 
north-west  of  England  appears  to  he  at  the  same  latitude  in  the 
Menai  Straits ;  but  on  the  eastern  side  the  gravels  of  the  formation 

*  Quart.  Joum.  C^eol.  Soc.  vol.  xxiv.  p.  146. 

t  Geol.  Mag.  dec.  i.  toI.  ix.  p.  175.  \  Ibid.  dec.  ii.  vol.  v.  p.  18, 
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carry  the  submergenoe  a  little  further  south,  viz.  over  the  Cam- 
bridgeshire Fen." 

These  last  words  have  reference  to  another  correlation  which  Mr. 
Wood  has  attempted  to  establish  between  the  Hessle  Sands  and 
certain  Talley-deposits  in  the  south  of  England ;  he  has  repeatedly 
urged  that  the  C^r^na-brickearths  of  the  Thames  valley  and  the 
older  postglacial  gravels  in  Norfolk  and  Cambridgeshire  were  of 
the  same  age  as  the  Hessle  beds. 

Dr.  J.  Geikie  *  accepts  Mr.  S.  Wood's  correlations,  but  looks  upon 
the  Hessle  Clay  as  a  truly  glacial  deposit ;  in  the  occurrence,  therefore, 
of  Cyrena  fiuminalis  below  this  clay  he  sees  a  proof  that  the  shell 
"  which  has  been  usually  looked  upon  as  evidence  of  the  postglacial 
age  of  the  deposits  in  which  it  occurs  did  really  live  in  interglacial 
times."  He  also  regards  the  older  river-gravels  in  S.E.  England  as 
belonging  to  the  same  period  and  therefore  of  interglacial  age. 

Mr.  Skertchly  likewise  adopts  these  views,  and  proceeds  to  argue 
for  the  great  age  of  some  of  the  Suffolk  and  Cambridgeshire  gravels 
on  the  ground  that  there  is  evidence  of  their  being  anterior  in  date 
to  the  formation  of  the  Hessle  Boulder-clay. 

Since,  therefore,  the  Hessle  Clay  appears  destined  to  become  a 
stratum  of  reference,  by  their  relation  to  which  the  interglacial  or 
postglacial  age  of  various  other  deposits,  both  in  the  north  and  south 
of  England,  is  to  be  measured,  it  is  of  great  importance  that  the 
limits  of  its  extension  should  be  accurately  defined,  in  order  that  its 
relations  to  gravels  of  newer  and  older  date  may,  if  possible,  be 
ascertained. 

Now  its  southern  boundary  has  never  been  satisfactorily  deter- 
mined. Messrs.  Wood  and  Rome,  in  their  original  paper,  pointed 
out  that  it  extended  down  to  the  edge  of  the  marsh  land  surrounding 
the  Wash,  and  that  it  might  be  found  to  underlie  part  of  this 
ground  t,  but  they  did  not  attempt  to  trace  it  beyond  Eirsby  and 
Steeping. 

During  the  last  two  years  I  have  been  engaged  in  surveying  the 
southern  end  of  the  Lincolnshire  Wolds  and  the  country  bordering 
the  northern  edge  of  the  Fenland.  I  first  made  myself  acquainted 
with  the  character  and  behaviour  of  the  Hessle  Clay  between  Great 
Steeping  and  Burgh,  and  subsequently  followed  it  westward  along 
the  fen  edge,  the  result  of  my  examination  being  to  convince  me 
that  not  only  is  the  above  surmise  correct  regarding  its  continuation 
underneath  the  fen  beds,  but  also  that  its  suiface  extension  stretches 
much  further  westward  and  southward  than  had  previously  been 
supposed. 

I  am  now  permitted  to  lay  before  the  Society  the  observations 
which  have  led  me  to  this  conclusion  regarding  the  southerly 
prolongation  of  the  Hessle  Boulder-day  in  Lincolnshire,  and  to 
supplement  them  with  some  remarks  upon  the  gravels  in  this  and 
more  southern  counties  which  are  supposed  to  belong  to  the  same 
period  of  time. 

♦  Great  Ice  Age,  2nd.  edit.  p.  379. 

t  Quart.  Joum.  Qeol.  Soc.  toI.  xxIt.  p.  173. 
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§  1.  Extensum  of  the  Bessie  Clay  in  East  Lincolnshire. 

In  the  first  place  it  will  be  desirable  to  identify  the  Bonlder-day 
in  the  district  examined  by  me,  with  the  Hessle  CJay  of  the  localities 
where  the  latter  is  tjT)ically  developed.  Fortunately  the  well-known 
memoir  by  Messrs.  Wood  and  Home  renders  this  an  easy  task ;  for 
they  have  traced  the  clay  southwards  through  Lincolnshire  to  the 
mouth  of  the  Steeping  valley,  where  I  commenced  my  survey  in  1877. 
The  following  is  their  statement  regarding  the  extension  of  the 
clay  in  Lincolnshire*  : — 

"At  the  only  spot  on  the  Lincolnshire  coast  which  affords  a 
section,  namely  the  low  cliff  of  Cleethorpe,  the  Hessle  clay  caps 
the  purple;  ....  From  Cleethorpe  the  Hessle  clay  extends 
southwards  over  the  belt  of  undulating  ground  called  *  The  Middle 
Marsh/  which  it  envelopes,  overlapping  the  lower  part  of  the 
eastern  Wold-slope.  It  is  well  shown  around  Alford,  where  the 
brick-pits  afford  good  sections,  and  where  it  is  seen  to  be  overlain 
by  4  or  6  feet  of  a  light-brown  silt.  .  .  .  Four  miles  south  of 
Alford  the  Wolds  terminate,  and  the  East  Lincolnshire  marsh 
sweeps  round  to  the  mouth  of  the  Steeping  valley.  Fringing  that 
marsh  and  forming  a  belt  between  it  and  the  high  ground,  the 
Hessle  clay  sweeps  round  also,  and  occupies  (where  it  opens  on  the 
marsh  near  Firsby)  the  mouth  of  the  Steeping  valley.  .  ,  .  The 
southern  extension  of  the  Hessle  clay  beyond  the  Steeping  mouth, 
near  the  southern  extremity  of  the  Wold,  is  obscure,  owing  to  the 
flat  nature  of  the  country." 

It  is  it»  continuation  along  the  borders  of  this  flat  fen  country  that 
I  now  proceed  to  indicate. 

From  the  neighbourhood  of  Burgh  the  Boulder-day  dips  eastward 
and  southward  under  the  soft  clays  of  the  Lincolnshire  marshland ; 
its  surface  boundary,  indeed,  curves  round  to  the  S.W.  below  Irby, 
Firsby,  and  Little  Steeping ;  but  the  clay  itself  is  unquestionably 
prolonged  beneath  the  warp  and  silt  of  the  fen  country  to  the 
southward  ;  it  is  exposed  beneath  these  beds  at  the  bottom  of  the 
brickyards  near  Thorpe  Culvert  Station ;  but  how  far  it  extends  due 
south  of  this  point  I  have  not  had  any  opportunity  of  ascertaining. 
Eotuming  to  the  vicinity  of  Little  Steeping,  it  has  been  traced 
thence  to  the  S.W.  by  Toynton  Fenside  and  Keal  Coates  to  Stickford, 
the  course  of  the  Catchwater  drain  very  nearly  coinciding  with  its 
fenward  edge,  while  its  northern  boundary  skirts  the  high  land 
formed  by  the  Kimmeridgian  and  Neocomian  beds  between  Spilsby 
and  Bolingbroke. 

Its  westward  extension,  however,  terminates  at  the  mouth  of 
the  valley  in  which  Bolingbroke  its  situated;  it  does  not  even 
stretch  into  this  valley,  but,  ceasing  to  skirt  the  edge  of  the  fenland, 
it  is  now  prolonged  southwards  through  Stickford  and  Stickney 
towards  Sibsey,  forming  a  narrow  ridge  or  bank  which  separates  the 
two  low-lying  districts  known  respectively  by  the  names  of  West 
Fen  and  East  Fen. 

**  Quart.  Joum.  Geol.  See.  toI.  xxiv.  p.  152. 
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This  sudden  change  in  the  direction  of  the  bank-like  edge  of  the 
'essle  day  is  the  more  remarkable  because,  throughout  the  whole 
*  its  northern  extension  it  clings  closely  to  the  edge  of  the  Wolds, 
id  runs  into  the  depressions  and  Talleys  which  furrow  their 
istern  slopes.  These,  as  pointed  out  by  Messrs.  Wood  and  Harmer, 
iust  have  been  in  existence  before  the  Hessle  beds  were  deposited ; 
ad  I  can  quite  confirm  their  account  of  the  positions  which  these 
?ds  occupy  in  tbe  Steeping  valley,  and  agree  with  the  main 
ifercnccs  deduced  from  the  sections  accompanying  their  paper. 

Seeing,  therefore,  that  the  Hessle  Clay  entered  the  Pen  basin  in 
le  same  manner  as  it  did  the  Steeping  valley,  I  expected  to 
tllow  its  continuation  at  the  same  level  along  the  north  border  of 
le  Fenland  ;  consequently  the  abrupt  termination  of  its  westward 
(tension  at  a  point  about  midway  along  tbis  border,  and  its  bank- 
ke  prolongation  in  a  southerly  direction,  was  the  more  surprising, 
pecially  as  there  did  not  appear  to  be  any  reason  why  it  should 
>t  have  extended  much  further  westward. 

To  this  peculiarity  and  the  possible  reasons  for  it  further  reference 
ill  be  made  in  the  sequel ;  but  I  wish  to  draw  attention  to  it  at 
ice  as  an  important  and  interesting  fact. 

§  2.  Description  of  the  Hessle  Beds  along  the  North  Border 
of  the  Fenland, 

I  now  proceed  to  give  some  description  of  the  deposit  as  exhibited 
long  the  line  of  country  above  indicated,  commencing  near  Burgh 
nd  noting  the  more  important  sections  which  were  found  in  tracing 
le  formation  westward. 

First,  with  regard  to  the  Boulder-day  about  Burgh,  although  it 
aries  very  much  in  colour  and  character,  and  in  the  proportion  of 
balky  material  which  it  contains,  I  have  not  found  it  practicable 
)  ms^e  any  division  of  it  into  a  newer  and  older  clay. 

fiurgh  itself  stands  on  an  eminence  composed  of  sand  and  gravel, 
lirough  which  wells  have  been  sunk  and  water  reached  at  a  depth 
f  about  20  feet.    Whether  tbis  sand  overlies  the  Boulder-clay  or  is 

protruding  knob  of  the  Hessle  Sand,  I  could  not  quite  satisfy 
lyself,  but  am  inclined  to  take  the  latter  view,  as  tbe  clay  seemed 
[)  close  in  upon  it  all  round,  and  was  visible  at  several  points  on 
be  lower  slopes  without  any  strong  springs  being  given  off  along 
kie  line  of  junction;  in  colour  this  Boulder-cluy  is  greyish,  but 
lore  or  less  mottled  with  purplish-brown ;  and  it  contains  numerous 
halk  pebbles. 

From  descriptions  of  the  clay  near  Burgh,  communicated  to  them 
►y  Prof.  Judd,  Messrs.  Wood  and  Kome  concluded  that  it  belonged 
0  the  chalky  basement  clay  of  their  coast  section  * ;  but  I  am  in- 
lined  to  think  that  it  is  only  a  local  form  of  the  Hessle  Clay.  The 
atter  presents  itself  with  normal  characters  at  a  large  gravel-pit 
088  than  a  mile  west  of  the  town.  There  is  a  continuity  of  Boulder- 
lay  land  between  this  point  and  the  places  where  a  more  chalky 

*  Quart.  Joum.  (Jeol.  Soc.  rol.  xxir.  p.  184. 
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day  is  seen;  and  it  did  not  seem  possible  to  draw  any  line  of 
separation  between  tbem. 

Nevertheless  it  is  a  fact  that  the  Boulder-clay  underlying  the 
marsh-land  east  of  Burgh  is  of  a  marly  and  chalky  nature,  according 
to  the  accounts  given  by  persons  acquainted  with  it.  At  the  brick- 
yard on  the  Skegness  road,  I  was  informed  that  below  the  marsh 
clays,  at  a  depth  of  about  14  feet,  they  came  to  "  grejish  white 
day  with  chalk  stones,"  into  which  they  had  dug  6  feet,  but  did 
not  know  how  much  deeper  it  extended. 

At  Croft  brickyard,  nearly  a  mile  and  a  half  to  the  southward,  it 
lies  at  a  depth  of  18  feet,  and  is  described  as  "  yeUowish  marly 
clay  with  white  chalk  pebbles.'*  Nearer  Burgh,  at  Mr.  Bland's 
farm,  marly  clay  was  met  with  in  sinking  the  well  at  a  depth  of 
about  6  feet ;  and  passing  through  this  they  found  gravel  and  sand 
below,  obtaining  a  supply  of  water  at  12  feet. 

This  marly  day  therefore  can  hardly  be  the  great  Chalky  Boulder- 
clay  of  Mr.  Searles  Wood,  but  is  probably  a  continuation  of  the 
clay  seen  in  the  gravel-pits  between  Burgh  and  Bratofb.  When  this 
is  pumped  dear  of  water  the  following  section  is  exposed : — 

feet. 

Soil  and  purplish '*  marl  **  or  clay    3  to  6 

Sand  witn  some  stony  layers  6  to  4 

Bed  of  gravel  and  stones,  resting  on  a  floor  of  marly 

day  similar  to  the  topmost  bed 3  to  2 

12 

From  information  obtained  on  the  spot  it  would  appear  that  the 
gravel  and  sand  form  a  lenticular  deposit  in  the  Boulder-day. 
Several  large  boulders  of  basalt  were  thrown  out,  and  were  said  to 
have  come  from  the  upper  clay.  The  stones  in  the  gravel  were  mostly 
chalk  and  flint ;  but  I  noticed  also  pebbles  of  red  chalk,  Neocomian 
sandstone,  quartzite,  and  shelly  limestone. 

Mammalian  bones  are  found  in  some  abundance  at  the  bottom  of 
the  gravel ;  and  I  have  to  thank  Mr.  Jabez  Good,  of  Burgh,  for  trans- 
mitting those  in  his  possession  to  Jermyn  Street  for  examination. 

They  were  determined  by  Mr.  E.  T.  Newton  to  belong  to  Elephas 
antiquus,  Bhinoceros  leptorhinus,  and  a  Bos  or  Bison, 

At  Bratoft  another  pat<:h  of  sand  comes  to  the  surface,  and  the 
Boulder-clay  around  appears  to  vary  much  in  thickness.  At  Irby, 
gravel  has  been  dug  from  a  similar  patch ;  and  between  Irby  and 
Firsby  a  small  pit  was  opened  in  1877,  one  face  of  which  showed  a 
somewhat  confused  section  of  gravel,  sand,  and  Boulder-clay  inter- 
bedded  with  one  another ;  but  the  gravel  passed  under  the  day  in 
other  parts  of  the  pit. 

South  of  Irby  and  Firsby  the  Hessle  beds  sink  under  the  clap 
and  silts  of  the  fen ;  but  as  the  latter  are  nowhere  very  thick,  the 
Boulder-clay  is  touched  in  several  brickyards :  thus  about  a  mile 
S.S.E.  of  Irby  marly  Boulder-clay  is  found  at  a  depth  of  lOJ  feet ; 
its  thickness  here  is  not  more  than  10  feet ;  and  there  is  sand  beneath 
it  from  which  a  water-supply  is  obtained. 
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The  day  here  is  said  to  be  very  marly  and  fall  of  chalk  stones, 
but  that  below  the  fen  clay,  in  another  brickyard  one  mile  south  of 
the  above,  is  a  red  clay  with  some  stones  but  few  chalk  pebbles, 
according  to  the  information  given  me  by  Mr.  Warth,  the  owner  of 
the  brick-field. 

At  a  neighbouring  brickyard  a  trial  sinking  had  been  made 
in  this  bottom  stony  clay  for  30  feet  without  piercing  it ;  probably 
therefore  it  continues  to  stretch  under  the  fen  beds  for  some  distance 
southward. 

Ketuming  to  Firsby  the  Boulder-clay  is  exposed  in  the  railway- 
cutting  near  the  station ;  and  its  peculiarities  have  been  noted  by 
Mr.  Skertchly,  who  describes  it  at  p.  209  of  his  Memoir  on  the 
Fenland  (Geological  Survey).  It  is  of  a  reddish  brown  colour, 
mottled  here  and  there  with  bluish  grey ;  small  chalk  pebbles  are 
scattered  through  the  mass,  many  of  them  being  soft  and  easily 
crushed,  derived  probably  from  the  Upper  Chalk  to  the  north ;  there 
are  also  fragments  of  other  rocks,  basalt,  limestone,  and  sandstone ; 
its  thickness  at  the  station  is  10  feet ;  and  an  unfailing  supply  of 
water  is  obtained  from  the  gravel  below.  When,  however,  it  is 
traced  northwards  into  the  next  cutting  on  the  railway  its  variable 
character  again  discloses  itself ;  a  clean  roddish  loam  first  takes  the 
ground,  succeeded  by  stiff  mottled  Boulder-day,  which  passes  a  second 
tune  into  red  laminated  sandy  loam  without  any  stones  at  all. 

Similar  beds  are  shown  in  vertical  succession  at  an  old  pit 
between  the  railway  and  Monksthorpe,  in  the  following  order. 

feet 

Dark  brown  Boulder-clay 3 

Beddish  loam,  without  stones  4 

Purplish  Boulder-clay 3 

Grayel  and  sand 9 

19 

In  the  large  pits  belonging  to  Mr.  Hardy  at  Great  Steeping,  a 
similar  section  is  exposed :  the  Boulder-clay  is  from  8  to  10  feet 
thick,  and  is  mostly  a  stiff  mottled  clay  full  of  chalk  pebbles,  but 
passes  in  one  part  into  a  reddish  silty  loam ;  underneath  there  is 
about  10  ft.  of  sandy  gravel  with  seams  of  sand,  and  a  bed  of  coarse 
gravel  at  the  bottom ;  here,  again,  mammalian  bones  have  been 
found. 

Northward  the  Boulder-clay  extends  up  the  Steeping  valley  to 
within  a  quarter  of  a  mile  of  Partney  church  ;  and  a  long  tongue 
stretches  up  the  hollow  between  Partney  and  Skendleby,  but  no 
outliers  have  been  observed  further  up  the  main  valley.  Near  Ashby 
the  thin  edge  of  the  Hessle  Clay  may  be  seen  in  the  river-bank  over- 
lying dark  Eimmeridge  Clay ;  the  former  thickens  southwards ;  and 
the  Eimmeridge  Clay  ceases  to  be  visible  below  Helton  Bridge, 
where  the  river  enters  the  ground  occupied  by  the  beds  of  clay  and 
gravel  above  described. 

The  lie  and  position  of  the  Hessle  Clay  between  Steeping  and 
Keal  Coates    have  already  been  indicated;  its  surface  extension 
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fonns  a  strip  of  land  interyening  between  the  fen  and  the  high 
ground  (see  section,  ^^,  2),  and  varying  in  width  from  a  mile  to  a 
mile  and  a  half.  Its  colour  and  constitution  vary  considerably :  its 
general  character  is  that  of  a  tough  sticky  clay,  reddish  or  brownish 
in  colour,  mottled  and  striped  with  bluish-grey,  and  usually  con- 
taining a  greater  or  less  quantity  of  small  chalk  pebbles,  so  that  the 
material  is  locally  known  as  "  clay  with  whites  f  but  occasionally 
it  passes  into  a  reddish  sandy  loam  which  is  almost  free  from  stones 
of  any  kind. 

Beds  of  sand  and  gravel  frequently  and  perhaps  continuously  un- 
derlie the  clay.  They  rise  to  within  a  few  feet  of  the  surface  in  some 
parts  of  the  area ;  but  towards  Xeal  Coates  the  ground  rises  and  the 
day  appears  to  thicken,  a  well  at  the  farm  near  the  old  windmiU 
west  of  the  village  being  sunk  through  20  feet  of  the  day  into 
sandy  gravel  with  water. 

The  northern  boundary  of  the  Hessle  beds,  skirting  the  foot  of 
the  high  land,  presents  a  singular  feature  which  much  perplexed 
me  when  first  entering  on  a  survey  of  the  ground.  I  found  the 
hiUs  to  consist  of  Neocomian  sands  overlying  a  dark  blue  day, 
while  on  the  lowermost  slopes  reddish  sand  again  presented  itself 
with  such  regularity  that  it  gave  one  the  impression  of  cropping 
out  from  beneath  the  blue  day,  while  the  Boulder-day  appeared  to 
be  banked  up  against  it  on  the  south.  Ultimately,  however,  I  found 
that  the  blue  clay  was  Eimmeridge  Clay,  and  that  the  lower  sands 
connected  themselves  with  the  Hessle  Clay ;  they  form,  in  fact,  a 
long  sandbank  marking  what  appears  to  be  the  shore  edge  of  that 
clay  and  resulting  from  the  degradation  of  the  Neocomian  Sands 
above.  East  of  Toynton  All  Saints  there  is  a  mound  of  such  sand 
banked  up  upon  the  Kimmeridge  Clay  as  high  as  the  level  of  its 
junction  with  the  overlying  Neocomian  sand,  while  southward  and 
eastward  this  sandbank  passes  into  loam  and  Boulder-clay. 

Westward  the  bank  forms  a  kind  of  terrace  at  the  foot  of  the 
hills,  more  elevated  than  the  plain  of  Boulder-day  beyond  :  see 
section  fig.  2,  p.  406,  which  is  drawn  along  a  line  running  due  N.  and 
S.,  from  the  eminence  called  Harden  Hill,  just  N.  W.  of  East  Keal, 
to  the  edge  of  the  fen  bdow  the  Catdi-water  drain,  which  receives 
all  the  drainage  from  the  slopes  on  this  border  of  the  Eenland. 
The  village  of  West  Keal  stands  on  the  terrace  above  mentioned ;  but 
here  there  is  less  sand,  the  bank  being  composed  of  a  strong  loam, 
laminated  in  places,  but  finally  passing  into  a  loose  stony  clay  that 
cannot  be  separated  from  the  mass  of  the  Hessle  Clay,  though  it 
contains  some  patches  which  might  almost  be  called  gravel.  Such 
is  the  character  of  the  deposit  along  the  main  road  from  West  Keal 
to  Hagnaby ;  and  it  is  last  seen  just  before  reaching  the  farmstead 
called  Laythorpe,  which  stands  on  the  Eimmeridge  Clay. 

South  of  this  place  the  country  presents  an  undulating  hillocky 
surface  with  westerly  slopes  towards  Hagnaby  beck,  whioh  stream 
runs  through  ground  occupied  by  sands  and  gravels  that  are 
apparently  of  more  recent  age  than  the  contiguous  Hessle  Clay. 
Owing  to  the  more  obscure  nature  of  the  country,  however,  I  ex- 
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perienoed  great  difficulty  in  disentangling  the  Tarious  clays  and 
gravels  that  are  met  with  in  this  neighhourhood ;  and  I  cannot, 
therefore,  speak  positively  concerning  the  relation  of  the  Hessle  Clay 
to  the  other  deposits.  Below  the  gravels  which  occupy  the  surface 
about  Hagnaby  and  East  Eirkby  the  blue  Kimmeridge  Clay  is 
generally  found ;  but  occasionally  there  are  intervening  patches  of  a 
chalky  Boulder-clay,  different  in  character  and  contents  from  the 
clay  of  the  Hessle  series.  The  former  clay  is  greyish  or  yellowish 
white,  full  of  chalk  pebbles,  and  is  similar  to  that  which  caps  the 
hills  to  the  northward,  although  it  here  descends  to  the  same  level 
as  that  occupied  by  the  Hessle  beds.  On  this  point  more  will  be 
said  in  the  sequel. 

Here,  therefore,  as  before  stated,  we  find  the  western  boundary  of 
the  Hessle  Clay ;  but  instead  of  terminating  altogether,  its  surface 
outcrop  is  prolonged  southwflird,  so  as  to  form  an  irregular  ridge  or 
bank,  varying  in  altitude,  but  always  higher  than  the  fenny  lands 
on  either  side.  This  feature  is  shown  in  the  section,  fig.  3,  p.  405, 
which  starts  from  the  road  north  of  New  Bolingbroke,  and  intersects 
the  Hessle-Clay  bank  along  a  line  which  passes  about  one  third 
of  a  mile  south  of  Stickford  church.  The  extenpion  of  the  Boulder- 
clay  under  East  Fen  is  to  some  extent  hypothetical ;  but  it  is  founded 
on  the  fact  that  it  is  seen  to  slope  under  the  north  and  west  edges  of 
this  fen,  and  that  some  depth  of  Boulder-clay  was  found  below  8 
feet  of  peat  and  clay  at  Lade-Bank  engine,  3  miles  to  the  south- 
ward*. 

About  Stickford  the  Hessle  Clay  seems  to  be  in  great  force  ;  and 
at  the  Red  Lion  Inn  a  well  was  dug  60  feet  in  it  without  reaching 
the  bottom  of  the  deposit,  but  finding  a  weak  spring  of  water  at  a 
depth  of  30  feet. 

Under  the  N.E.  part  of  the  village  there  is  a  bed  of  sand  and 
gravel  which  yields  a  supply  of  water  at  depths  of  from  14  to  18 
feet.  The  same  brown  Boulder-clay  may  be  seen  at  the  S.E.  end 
of  the  village  near  the  Catch- water  drain,  and  at  Bargreen  Bridge  on 
the  road  to  Stickney.  The  ridge  at  the  latter  place  is  reduced  to  a  very 
narrow  neck ;  and  advantage  has  been  taken  of  this  circumstance 
to  cut  a  channel  through  it  and  thus  bring  the  waters  of  Hagnaby 
beck  into  connexion  with  the  Catch-water  system  of  drainage. 

About  Stickney  the  ridge  widens  out  again,  and  strikes  nearly 
due  south  in  the  direction  of  Sibsey.  The  soil  at  the  surface  is  a 
sandy  and  stony  loam ;  but  underneath  the  same  brown  Boulder- 
day  is  found. 

This  district  has  been  surveyed  by  Mr.  8.  B.  J.  Skert<;hly  ♦ ;  but  he 
naturally  regarded  the  clay  composing  the  ridge  as  a  local  variety 
of  that  which  underlies  the  fen-basin  to  the  south  and  west ;  sub- 
sequent mapping  has  demonstrated  its  connexion  with  the  Hessle 
Clay,  and  has  invested  this  feature  with  more  importance  than  it 
would  otherwise  have  possessed.  Mr.  Skertchly's  mapping  shows 
that  the  continuity  of  the  ridge  is  interrupted  south  of  Stickney ;  and 

*  Geology  of  the  Fenland  (Oeol.  Sarr.  Mem.),  p.  280. 
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he  believes  that  in  early  times  the  riyer  Withaxn  flowed  through 
this  gap  to  the  ontfall  at  Wainfleet. 

At  Sibsey  Norland  the  Boulder-clay  sets  in  again,  and  appears  on 
the  map  in  the  form  of  a  long  island  rising  out  of  the  flat  silt- 
lands  which  surround  it  on  every  side.  Mr.  Skertchly  mentions  a 
well  section  at  Sibsey*,  showing  Boulder-clay  (31  feet)  with  a  vein 
of  sand  below  yielding  a  water-supply,  as  at  Stickford. 

South  of  Sibsey  the  Hessle  Clay  would  appear  to  sink  finally 
below  the  level  of  the  fen*deposits,  foUowing  probably  the  increasing 
slope  of  the  floor  of  the  fen-basin  in  that  direction.  Mr.  Skertchly 
remarks t  that  "around  Boston  Boulder-clay  of  the  dark, blue 
character  can  be  occasionally  seen  in  several  of  the  brickyards  at 
depths  of  from  15  to  26  feet  from  the  surface.  The  fen-beds  around 
are  much  thicker  than  this ;  and  Boston  seems  to  stand  on  a  sub- 
merged bank  of  Boulder-clay,  of  which  the  islands  of  Sibsey  and 
Stickney  are  the  only  parts  which  appear  at  the  surface." 

It  will  be  seen  therefore  thnt  he  regards  the  Boulder-clay  under- 
lying Boston  as  a  continuation  of  the  Sibsey  Clay,  which  now  proves 
to  be  referable  to  the  Hessle  Clay,  and  is  therefore  much  younger 
in  age  than  the  Boulder-clay  underlying  the  rest  of  the  fen  to  the 
west.  How  far  the  Hessle  Clay  may  once  have  extended  to  the 
southward  cannot  at  present  be  ascertained ;  but  it  is  very  unlikely 
that  the  deposit  should  have  terminated  thus  abruptly  in  the  midst 
of  what  is  now  the  fenland  ;  for  this  area  seems  to  have  exist'Cd,  with 
much  the  same  configuration  as  now,  in  times  long  anterior  to  the 
formation  of  the  Hessle  beds.  We  may  therefore  reasonably  ex- 
pect that  they  will  eventually  be  recognized  in  more  southerly  parts 
of  the  fen-basin ;  but  it  is  very  problematical  whether  any  of  the 
gravels  in  those  regions,  supposed  by  some  to  be  contemporaneoui 
with  the  Hessle  Sands,  ever  had  any  actual  connexion  with  them. 

Mr.  Skertohly  gives  a  well  section  at  Fossdyke  in  which  37  feet 
of  yellow  sandy  clay  intervene  between  beds  that  are  clearly  deposits 
of  fen  and  Boulder-clay  of  a  light  blue  colour.  It  would  be  idle  to 
speculate  upon  the  probability  of  this  belonging  to  the  Hessle  Clay ; 
but  the  possibility  is  perhaps  worth  pointing  out. 

It  may,  however,  be  assumed  as  more  than  probable  that  where 
Boulder-clay  is  found  to  underlie  the  more  recent  beds  in  the  fen 
district  east  of  the  bank  or  ridge  above  described,  such  Boulder- clay 
belongs  to  the  Hessle  and  not  to  the  older  chalky  clay. 

§  3.  The  Origin  and  Mode  of  Formation  of  the  Hessle  Clay. 

The  geographical  disposition  and  extension  of  the  Hessle  Clay  in 
Lincolnshire  are  suggestive  of  some  remarks  regarding  the  conditions 
under  which  it  appears  to  have  been  accumulated  ;  and  in  this  con- 
nexion its  relations  to  the  Chalky  Boulder-clay  or  Upper  Glacial  of 
Searles  Wood  become  of  great  importance. 

The  contrast  between  the  character  and  behaviour  of  the  two 
clays  is  very  conspicuous.     The  configuration  of  the  country  during 

♦  Geology  of  the  Fenland  (Mem.  Geol.  Burr.),  p.  276. 
t   Cjp.ci^.  p.  211. 
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the  formation  of  the  later  day  was  entirely  different  from  that  which 
obtained  in  the  earlier  period:  the  climate  too  must  have  been 
different ;  for  everything  connected  with  the  Hessle  Clay  points  to 
conditions  of  much  loss  glacial  severity  than  those  which  accom- 
panied the  formation  of  the  older  clay. 

Mr.  Searles  Wood,  indeed,  deems  these  facts  of  such  importance 
that  he  refuses  to  admit  the  newer  clay  as  coming  within  the  limits 
of  the  great  Glacial  Period ;  he  refers  its  accumulation  to  a  period 
of  minor  glaciation,  which  he  considers  as  Postglacial,  in  the  sense 
that  it  occurred  at  a  time  long  after  the  epoch  of  major  glaciation, 
to  which  he  would  restrict  the  term  Glacial  Period. 

Without  altogether  assenting  to  Mr.  S.  Wood's  view  of  the  case, 
I  quite  appreciate  the  importance  of  the  facts  to  which  he  draws 
attention,  and  the  reasons  which  have  led  him  to  adopt  this  break 
as  the  line  of  division  between  the  Glacial  and  Postglacial  Periods. 
In  conjunction  with  Mr.  Rome  he  drew  two  sections  across  the 
Steeping  valley ;  and  speaking  of  these  they  write  as  follows* : — 

"  We  are  thus  enabled  to  see  the  relative  positions  of  the  Hessle 
clay  and  of  the  Glacial  clay  of  mid-Lincolnshire,  and  the  contrast 
presented  by  the  former  as  a  true  Postglacial  or  valley-formed  bed 
....  to  the  massive  deposit  of  the  latter,  out  of  which  and  the 
Wold,  together,  the  trough  occupied  by  the  Steeping  river  has  been 
cut....  The  contrast  between  the  chalky  clay  and  the  Hessle 
clay  in  this  section  (fig.  9)  is  too  distinct  and  complete  to  admit  of 
the  possibility  of  their  belonging  to  the  same  formation." 

The  general  accuracy  of  these  sections,  and  of  the  conclusions 
drawn  therefrom  regarding  the  great  lapse  of  time  and  the  large 
amount  of  denudation  which  must  have  taken  place  in  the  inter- 
vening period,  are  fully  confirmed  by  the  results  of  my  own  more 
detailed  examination  of  the  country. 

The  section  fig.  2,  on  p.  405,  shows  how  the  Hessle  Clay  is  banked 
up  against  the  foot  of  the  hills  bounding  the  northern  edge  of  the 
fenland,  and  also  exemplifies  the  great  difference  in  the  relative 
positions  here  occupied  by  the  two  Boulder-clays  ;  so  rapid,  how- 
ever, is  the  south-westward  declination  of  the  Chalky  Boulder-day, 
that  at  a  distance  of  only  one  mile  and  a  half  west  of  the  line  of 
section  it  is  found  at  the  same  level  as  that  on  which  the  newer 
day  occurs.  We  are  therefore  led  to  inquire  whether  this  is  merely 
a  coincidence  or  whether  the  descent  of  the  Chalky  Boulder-clay  to 
to  this  level  has  been  in  any  way  connected  with  the  limitation  of 
the  Hessle  Clay  to  the  eastern  part  of  the  fen-basin. 

To  any  one  now  viewing  the  ground  there  does  not  seem  any 
reason  why  this  latter  clay  should  not  have  extended  eastward 
along  the  fen-edge  to  Tattershall  and  the  valley  of  the  Witham.  If 
the  wide-spread  sand  and  gravel  which  covers  this  district  was  a 
continuation  of  the  beds  underlying  the  Hessle  Clay,  some  patches 
of  the  superimposed  clay  must  have  remained  to  prove  its  former 
existence;  but  nothing  of  the  kind  has  been  found.  If  it  does  exist 
in  any  part  of  this  area,  it  rrntst  be  subjacent  to  the  above-mentioned 
*  Quart.  Journ.  Qeol.  Soc  vol.  xnr.  p.  163. 
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gravels ;  but  wherever  Boxdder-clay  has  been  seen  beneath  them  it 
is  either  the  white  or  the  dark  blue  variety  of  the  Upper  Glacial 
Clay. 

About  Revesby  the  chalky  or  "  whit«  clay  *'  is  seen  to  pass  down- 
wards into  the  blue  variety  as  it  descends  into  the  fen-basin ;  and 
the  occurrence  of  this  clay  in  the  very  place  of  the  Hessle  Clay 
appears  to  show  that  the  former  has  in  some  way  been  connected 
with  the  absence  of  the  latter. 

It  has  occurred  to  me  as  a  possible  solution  of  the  question  that 
the  great  Glacial  Clay  may  then  have  existed  in  such  mass  over  the 
northern  part  of  the  fen  district  as  to  have  prevented  the  influx  of 
the  Hessle-sea  waters,  presenting  a  line  of  low  cliffs  against  which 
the  later  Boulder-Clay  was  banked  up  in  the  same  way  as  it  is 
against  the  eastern  and  southern  slopes  of  the  Wolds. 

We  know  that  the  Glacial  Clay  did  descend  into,  and  probably  to 
a  great  extent  filled  up,  the  great  hollow  of  the  Fens ;  the  north- 
ward declination  of  its  base-line  in  Cambridgeshire  *  has  been  in- 
dicated by  Mr.  Penning  and  myself;  and  we  now  find  it  sinking 
southward  in  a  similar  manner  from  the  Lincolnshire  highland. 
Whether  the  subsequent  period  was  one  of  emergence  or  submer- 
gence, it  was  undoubtedly  a  period  of  great  denudation ;  and  the  re- 
'  excavation  of  the  fen-basin  seems  have  been  one  of  its  results  ;  the 
position  of  the  Hessle  Clay  therefore  in  the  north  part  of  the  Fen- 
land  may  indicate  one  stage  of  this  process. 

The  only  alternative  explanation  which  su^ests  itself  is  that  the 
re-excavation  of  the  fen-basin  had  been  completed  before  the  de- 
position of  the  Hessle  Clay,  and  that  an  open  bay  existed  over  the 
site  of  the  present  Fenland,  and  that,  as  the  climate  again  increased 
in  glacial  severity,  the  inner  and  shallower  part  of  this  bay  became 
blocked  up  with  ice,  which  presented  a  lofty  ice-wall  on  .the  seaward 
side,  and  that  the  Boulder-clay  was  accumulated  on  the  outside  of 
this  wall.  This,  however,  is  a  mere  speculation ;  and  although  it 
would  account  for  the  difficulty,  there  is  no  collateral  evidence  to 
support  it ;  while  the  former  supposition  connects  itself  with  two 
ascertained  facts — (1)  the  occupation  of  the  fen-basin  by  the  Great 
Chalky  Clay,  (2)  the  termination  of  the  Hessle  Clay  at  the  point 
where  the  older  clay  descends  into  the  fen  country.  I  am  inclined 
therefore  to  look  upon  the  first  hypothesis  as  the  most  probable  ex- 
planation of  the  facts. 

I  also  concur  with  Mr.  S.  V.  Wood  in  thinking  that  both  the  in- 
ternal structure  and  general  behaviour  of  the  Hessle  Clay  furnish 
evidence  in  favour  of  the  supposition  that  it  was  formed  along  a 
coast-line  by  the  action  of  shore-ice.  This  is  a  question  on  which 
there  is  great  difference  of  opinion,  other  writers,  notably  Dr.  James 
Geikie,  holding  that  this  clay  in  common  with  all  other  Boulder- 
days  is  the  product  of  land-ice.  Let  us  therefore  reexamine  the 
characters  presented  by  the  Hessle  Clay  throughout  its  extension  in 
East  Lincolnshire. 

*  Quart.  Joum.  Geo].  Soo.  voL  xxxr.  p.  198,  and  'Tbe  Postterdary  De* 
posits  of  Cambridgeshire,'  Cambridge,  1878,  pp.  28  and  77. 
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Regarding  the  origin  of  the  materials  composing  it  in  the  north 
of  the  county,  Messrs.  Wood  and  Eome  remark  *  that  "  the  colour 
of  the  Hessle  clay,  coupled  with  the  presence  of  the  chalk  fragments 
and  the  hoxdders  in  question,  seems  to  show  that  it  has  heen  mainly 
formed,  and  its  houlders  derived,  from  the  degradation  of  the  purple 
clay,  an  admixture  of  material  having  been  introduced  from  the 
chalk  which  had  been  laid  bare  of  the  Glacial  clay  during  the  previous 
early  Postglacial  denudation." 

All  along  the  eastern  slope  of  the  Chalk  Wolds,  where  it  may  be 
supposed  that  the  Purple  Clay  lies  underneath,  it  would  appear 
that  the  Hessle  Clay  preserves  much  the  same  colour  and  character ; 
but  on  reaching  the  south  end  of  the  Wolds  and  crossing  the  line 
along  which  their  scarp  must  be  prolonged  as  an  underground  ridge 
stretching  south-eastwards,  we  find  near  Burgh  a  very  chalky 
Boulder-clay;  and  whether  this  belongs  to  the  Purple  or  to  the 
Hessle  Clay,  I  am  disposed  to  attribute  its  chalkiness  to  the  proxi- 
mity of  the  chalk-ridge  below. 

Moreover,  when  we  are  well  within  the  strike  of  the  Neocomian 
series  (clays  between  thick  sandstones),  we  find  that  the  Hessle  Clay 
puts  on  a  loamy  and  sandy  facies,  and  that  its  landward  border  is 
actually  fringed  with  sandbanks  for  some  distance.  Traced  south- 
ward to  Stickney,  it  becomes  a  stiffer  and  more  sticky  clay,  though 
still  brownish  in  colour  and  charged  with  pebbles  of  chalk ;  here  it 
appears  to  rest  on  the  Eimmeridge  Clay,  and  further  south  on  Upper 
Glacial  Clay  of  the  dark  blue  colour  which  it  usually  presents  in 
this  part  of  the  Fenland. 

It  may  have  been  noticed  that  in  speaking  of  the  day  underl3ring 
Boston,  which  may  be  part  of  the  Hessle  Clay,  Mr.  Skertchly 
described  it  as  dark  blue  in  colour  ;  now  it  is  possible  that  it  may 
have  acqmred  tbis  tint  from  the  erosion  of  the  underlying  blue  clays, 
just  as  further  north  it  appears  to  take  its  colour  from  the  Purple 
Clay.  Whether  this  be  tiie  case  or  not,  there  is  sufficient  evidence  to 
show  that  the  colour,  character,  and  constitution  of  the  Hessle  Clay 
are  influenced  by  the  nature  of  tbe  rock  beds  which  underlie  it — not^ 
however,  after  the  fashion  described  by  Messrs  Tiddeman  and 
Skertchly,  where  a  Boulder-clay  derives  its  colour  and  character  from 
the  rocks  over  which  it  has  been  pushed  f ;  the  Hessle  Clay,  ou  the 
contrary,  seems  to  exhibit  the  phenomena  we  might  expect  on  the 
supposition  that  it  was  formed  against  a  shore-line  by  the  combined 
action  of  sea- waves  and  coast-ice. 

I  am  aware  that  Dr.  James  Geikie  takes  an  entirely  different 
view;  but  his  arguments  are  principally  founded  upon  the  supposi- 
tion that  the  Hessle  Clay  behaves  in  the  same  manner  as  the  older 
Boulder-clays.  He  asserts,  in  direct  opposition  to  Mr.  S.  Y.  Wood's 
opinion,  that  *'  the  Hessle  boulder-day  yields  no  proof  of  a  marine 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxiv.  p.  151. 

t  Quart.  Journ.  Geol.  Soc.  vol.  xxviii.  p.  484,  *  Great  Ice  A^/  p.  358.  I  mav 
here  remark,  however,  that  this  is  no  proof  of  the  terrestrial  origin  of  such 
Boulder-Olay ;  coast-ice  breaking  up,  and  drifting  in  a  strong  current  would 
leaTe  a  similar  trail  of  rock-debris  and  differently  constituted  oUys. 
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origin,  but  is  as  much  a  moraine  profande  as  the  purple  bonlder-clay 
or  even  as  the  great  chalky  till  itself.  This,**  he  says,  "  is  proved 
not  only  by  the  character  of  the  day,  but  also  by  the  mode  of  its 
occnrrence  "  *.  It  does  not  appear,  however,  that  Dr.  Geikie  made 
himself  acquainted  with  its  mode  of  occurrence  beyond  the  limits  of 
the  localities  which  he  mentions ;  he  does  not  attempt  to  account 
for  the  restriction  of  the  deposit  to  the  eastern  side  of  the  Wolds,  or 
for  its  x>osition  in  the  valley  of  the  Steeping.  It  is  unfortunate 
that  Dr.  Geikie  did  not  enter  more  fully  into  the  special  behaviour 
of  the  Hessle  Clay,  as  it  is  precisely  this  which,  to  my  mind,  furnishes 
the  strongest  arguments  in  favour  of  its  formation  by  coast-ice; 
and  the  facts  stated  in  the  preceding  pages  appear  to  constitute 
difficulties  in  the  application  of  his  land-ice  theory. 

As  regards  the  characters  presented  by  the  Hessle  Clay  at  Kelsea, 
•Dr.  Geikie  describes  them  in  some  detail.  He  observes  that  where 
it  rest«  directly  on  the  Chalk  its  basement  bed  is  one  of  angular 
chalk  debris.  But  this  is  only  what  we  should  expect  in  the  case  of  a 
shore  deposit ;  and  according  to  Mr.  8.  Wood  the  same  bed  is  found 
at  the  base  of  the  Hessle  gravel.  Mr.  Geikie,  indeed,  admits  tbat  no 
stress  can  be  laid  on  this  fact  as  being  specially  favourable  to  the 
land-ice  theory.  £[is  next  assertion,  that  there  is  no  trace  of 
bedding  in  the  deposit,  must  be  taken,  I  presume,  as  meaning  that 
none  was  visible  in  the  sections  he  had  the  opportunity  of  seeing ; 
I  can  vouch  for  the  existence  of  laminated  loams  being  clearly 
intercalated  in  the  clay  at  more  than  one  locahty  (vide  pp.  403, 404). 

Again,  he  describes  a  section  where  a  tongue  of  the  Boulder-day 
is  intruded  among  the  subjacent  sands,  and  he  looks  upon  this  as 
evidence  for  the  agency  of  land-ice ;  I  apprehend,  however,  that  the 
powerful  agency  of  coast- ice  is  qmte  adequate  to  the  production  of 
a  similar  result.  Exactly  similar  phenomena  are  presented  by 
the  so  called  Cromer  till,  which  is  both  overlain  and  underlain  by 
marine  deposits,  and  portions  of  which  are  certainly  interbedded 
with  the  laminated  series  below.  The  section  given  by  Mr.  Geikie 
appears  therefore  equally  explicable  by  the  one  theory  as  by  the 
other,  and  cannot  be  taken  to  prove  the  correctness  of  his  own  view. 
Finally,  since  we  know  that  coast-ice  is  capable  of  accounting  for 
Buch  phenomena  as  are  presented  by  the  Hessle  Clay  in  Lincolnshire, 
and  as  no  direct  evidence  for  its  morainic  origin  has  yet  been  adduced, 
I  am  strongly  inclined  to  adopt  the  former  view,  as  first  suggested 
by  Messrs.  Wood  and  Rome. 

The  following  are  the  principal  facts  in  favour  of  this  hypo- 
thesis : — 

(1)  The  occurrence  of  marine  mollusca  in  the  sands  and  gravels 
which  underlie  it,  proving  that  the  area  was  a  sea-bottom  at  a  time 
immediately  preceding  the  formation  of  the  superjacent  clay. 

(2)  The  distinct  indications  of  the  freqaent  interposition  of 
stratifying  aqueous  agency,  viz.  the  interbedded  layers  of  laminated 
loam  and  sand,  and  the  occasional  lateral  passage  of  the  day  itself 
into  similar  laminated  loam. 

*  '  Chreat  Ice  Age,'  second  edition,  p.  374. 
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(3)  The  occurrence  of  the  Hesde  Clay  only  on  the  seaward  side 
of  the  Chalk  Wolds,  and  its  position  in  relation  to  them,  being 
banked  up  against  their  slopes  and  thrust  into  their  hollows  and 
valleys — such  a  position  at  once  suggesting  the  idea  of  its  accumular 
tion  along  a  sinking  coast-line. 

(4)  The  frequency  of  firagments  from  the  softer  beds  of  the 
Upper  Chalk,  the  change  in  character  and  contents  beyond  the 
southern  end  of  the  Chalk  hills,  and  the  sandbanks  fringing  its 
westward  continuation. 

All  those  facts  appear  to  indicate  that  the  present  boundary  of 
the  Hessle  Clay  corresponds  with  the  coast-line  of  the  period  during 
which  it  was  accumulated,  that  there  is  a  distinct  relation  between 
the  nature  of  the  rocks  composing  this  coast-line  and  the  varAing 
character  of  the  clay,  and  that  it  was  formed  by  the  action  of  coast- 
ice  under  the  influence  of  a  southward-drifting  current.  I  hold  it* 
therefore  only  reasonable  to  conclude  that  no  glacier  or  ice-sheet 
had  any  part  in  the  formation  of  the  clay  in  question,  but  that  its 
origin  is  purely  littoral  and  marine. 

[PosTscKiPT,  May  1879. — Eecent  information  obtained  while 
surveying  the  country  between  Burgh  and  Alford  has  disclosed 
important  facts  which  are  hardly  explicable  on  any  other  hypothesis 
than  that  above  mentioned.  The  Boulder-clays  tmderlie  all  the 
newer  deposits  of  the  bordering  marsh,  and  rest  on  a  gently  sloping 
plain  of  marine  denudation,  which  extends  westward  to  the  foot  of 
a  line  of  buried  chaJIc-cliffs ;  these  stretch  northward  from  Welton 
to  liOuth,  and  probably  continue  along  the  eastern  edge  of  the  Wolds 
as  far  as  the  Humber.  The  Hessle  beds  are  banked  up  against 
these  cliffs,  well-borings  proving  a  depth  of  from  40  to  60  feet  of 
clay  at  distances  of  only  two  or  three  furlongs  from  its  boundary 
line.  Borings  at  Mablethorpe,  on  the  coast,  reach  the  Chalk  at  a 
depth  of  84  feet;  sp  that,  allowing  for  difference  of  surface-level, 
the  buried  scar  of  Chalk  has  a  north-easterly  slope  of  about  1  in 
530.  The  south  end  of  the  Chalk  Wolds  is  completely  smothered 
in  Boulder-Clay ;  and  at  Welton  the  concealed  diff  is  probably  an 
exact  counterpart  of  that  at  Hunstanton.] 

§  4.  The  Age  and  Equivalents  of  the  Hessle  Beds, 

Hitherto  I  have  found  myself  in  accord  with  Mr.  Searles  Wood 
in  all  points  concerning  the  Hessle  beds  and  their  mode  of  occur- 
rence in  Lincolnshire ;  with  regard,  however,  to  the  connexion 
which  he  traces  between  these  beds  and  certain  Postglacial  gravels, 
I  am  constrained  to  differ  from  him ;  or  rather,  to  speak  more  cor- 
rectly, I  would  enter  a  verdict  of  "  not  proven  "  against  the  correla- 
tion for  which  he  contends. 

This  is  a  matter  of  some  importance,  because  this  correlation  lies 
at  the  very  foundation  of  the  grouping  which  he  proposes  in  hi» 
classification  of  the  Glacial  and  Postglacial  deposits ;  and  in  a  recent 
paper  he  defends  this  grouping,  to  which  Mr.  Geikie  had  taken  excep- 
tion in  his  *  Great  Ice  Age,'  and  discusses  the  question  at  some  length*. 
*  Geological  Magazine,  dec  2,  roL  v.  p.  24. 
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The  point  in  dispute  might  at  first  sight  appear  to  be  a  mere 
matter  of  nomenclature;  but  the  question  really  inyolyed  is  whether 
the  Hessle  beds  are  synchronous  with  the  March  grayels  and  with 
the  brickearths  of  the  Thames  Valley.  Belieying,  as  Mr.  Wood 
does,  that  the  Hessle  beds  are  contemporaneous  with  deposits  in  the 
south  of  England  *'  which  for  more  than  a  quarter  of  a  century  we 
haye  been  accustomed  to  call  Postglacial,"  it  is  not  surprising  to 
find  him  remarking  that,  had  he  not  called  the  former  beds  Post- 
glacial, his  contention  of  their  synchronism  with  Postglacial  deposits 
would  haye  produced  great  confusion.  All  this  seems  sufficiently 
reasonable  and  logical,  granting,  of  course,  that  the  premises  are 
correct ;  but  if  these  are  shown  to  be  unreliable,  the  whole  argument 
necessarily  becomes  invalidated. 

If  we  examine  the  history  of  the  term  *'  Postglacial,^*  we  shall 
find  that  it  was  adopted  by  Prof.  Prestwich  in  1864  to  designate 
the  period  during  which  the  English  river-gravels  were  deposited, 
because  even  the  oldest  of  these  could  be  shown  to  be  of  later  date 
than  the  Groat  Chalky  Boulder-clay  of  East  Anglia,  which  was  then 
regarded  as  the  only  day  formation  of  the  Glacial  Period. 

When,  however,  it  was  subsequently  discovered  that  there  were 
newer  Boulder-clays  than  the  so-called  Upper  Glacial,  it  became 
clear  that  some  of  the  river-gravels  might  belong  to  the  period 
during  which  in  the  more  northern  parts  of  England  these  later 
clays  were  being  formed.  Mr.  Searles  Wood  saw  reason  to  think 
this  was  the  case  ;  and  he  says  it  was  expressly  with  the  object  of 
preventing  confusion  that  he  called  the  Hessle  beds  Postglacial, 
because  they  were,  in  his  opinion,  synchronous  with  the  Cyrena^ 
brickearths. 

Finding  also  that  the  Hessle  Clay  did  not  present  the  same  cha- 
racters as  the  older  Boulder-clays,  that  its  mode  of  ocxsurrence  was 
different,  and  that  it  was  separated  from  the  older  beds  by  a  long  in- 
terval of  time  (during  which  the  present  valley-system  of  Lincolnshire 
was  carved  out),  he  thought  these  were  sufficient  reasons  for  regard- 
ing the  Great  Chalky  Clay  as  the  last  term  of  the  Glacial  series,  and 
that  the  extensive  denudation  which  foUowed  the  elevation  of  these 
Glacial  beds  into  dry  land  might  be  taken  as  ushering  in  the  Post- 
glacial Period. 

He  considered  that  this  conclusion  was  supported  by  the  character 
of  the  Molluscan  fauna  of  the  Hessle  Sands  ;  so  that  in  1872  he  thus 
stated  the  case*: — "  The  Hessle  beds  do  not,  I  contend,  belong  to  the 
Glacial  period  at  all.  They  followed  the  re-occupation  of  the  terres- 
trial surface  by  the  Great  Mammalia,  of  the  rivers  by  Cyrena 
Jluminalis,  and  of  the  seas  by  a  moUuscan  assemblage,  not  merely 
all  of  living  species,  but  one  that  differs  in  but  a  slight  degree  from 
that  inhabiting  the  English  coast  near  at  hand." 

Such  are  Mr.  S,  Wood's  grounds  of  belief ;  and  since  the  division 
between  the  two  periods,  wherever  it  is  drawn,  must,  to  some  ex- 
tent, be  an  arbitrary  line,  there  would  not  be  any  great  objection  to 
this  classification,  provided  that  the  sequence  and  parallelism  in- 
*   QeoL  Mag.  vol.  ix.  p.  174. 
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Yolved  therein  were  properly  substantiated ;  with  the  same  proviso 
he  would  be  right  in  saying*  that,  *4f  we  relegate  these  Hessle  beds 
to  the  Glacial  group,  we  abandon  the  age  of  deposits  as  the  basis  of 
their  nomenclature,  for  the  conditions  under  which  they  have  been 
accumulated ;''  and  thus,  to  be  consistent,  we  should  bring  the  Glacial 
Period  down  to  the  present  time. 

But  is  the  evidence  for  the  synchronism  of  the  early  river-gravels 
with  the  Hessle  gravel  and  sand  so  clear  and  convincing  as  Mr. 
Wood  believes  ?  Mr,  Geikie  appears  to  accept  it  without  question. 
I  venture  to  think,  on  the  contrary,  that  this  identification  has  been 
made  on  very  slender  grounds. 

In  the  first  place,  no  direct  evidence  has  ever  been  obtained.  All 
the  localities  mentioned  by  Mr.  Wood  are  beyond  the  present  known 
extension  of  the  Hessle  Clay ;  and  therefore  the  best  test,  that  of 
superposition,  cannot  be  applied.  No  series  of  river-gravels  com- 
parable with  those  in  Cambridgeshire  has  yet  been  traced  under 
the  Hessle  Clay.  I  looked  carefully  for  such  beds  in  the  Steeping 
valley,  but  I  found  a  remarkable  absence  of  river-gravels.  It  is 
true  that  Mr.  Wood  has  made  one  attempt  in  this  direction ;  he 
saysf : — **The  gravels  of  this  formation,  which,  in  the  Cambridgeshire 
Fen,  extend  southwards  to  about  lat.  52^  30',  are  there  and  over  the 
Fen  northwards  uncovered  by  Boulder-clay ;  but  in  Holdemess  they 
are  so  covered."  Here  he  assumes  that  the  gravels  in  Cambridge- 
shire and  Yorkshire  belong  to  one  and  the  same  formation ;  but  he 
cannot  point  to  any  kind  of  physical  connexion  between  the  two, 
and  I  have  published  elsewhere  the  evidence  which  leads  to  the  con- 
clusion that  the  March  gravels  are  the  estuarine  termination  of  the 
oldest  river- courses  in  Cambridgeshire  £,  while  the^oldemess  beds 
are  marine  deposits  of  a  littoral  character :  the  argument  therefore 
rests  on  an  assumption,  and  becomes  misleading ;  for  it  assumes  that 
the  former  beds  are  older  than  the  Hessle  Clay  because  the  latter  are, 
and  concludes  that  the  latter  are  Postglacial  because  the  former  are 
supposed  to  be  so. 

Beyond  the  general  considerations  already  indicated,  there  is  only 
one  item  of  positive  evidence  for  the  alledged  correlation  ;  and  this 
is  the  occurrence  of  a  particular  shell,  Cyrena  flmninalisy  in  both 
sets  of  deposits  ;  that  is  to  say,  Mr.  S.  Wood  regards  the  occurrence 
of  this  shell  in  isolated  and  widely  separated  deposits  (some  of 
marine  and  some  of  freshwater  origin)  as  evidence  of  their  sjn- 
ohronbm.  But  it  seems  to  me  that  this  is  to  strain  palsBontological 
evidence  beyond  reasonable  limits ;  and  I  venture  to  protest  against 
the  manner  in  which  Mr.  Wood  employs  such  testimony.  His 
argument  concerning  the  beds  below  the  Cromer  till  is  very  similar: 
he  would  include  in  the  Glacial  Series  all  the  deposits  which  yield 
Tellina  balthica — proceeding  therefore  on  the  same  principle,  viz. 
that  the  presence  of  one  particular  shell  may  be  taken  as  conclusive 
evidence  of  contemporaneity ;  and  he  would  separate  the  Norwich 
Crag  from  the  Weyboum  Sands  because  it  does  not  contain  the 

♦  aeol.  Mag.  dec.  2,  vol  v.  p.  18  t  lb,  dec.  1,  vd.  ix.  p.  177. 

%  Vide  The  Posttertiary  Deposits  of  Cambridgeshire,  p.  59. 
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fossil  in  question — a  fallacy  wliich  Mr.  H.  B.  Woodward  has  exposed 
in  his  recent  address  to  the  Norwich  Geological  Society  *. 

Mr.  Wood's  dependence  on  the  testimony  afforded  by  the  presence 
of  Cyrena  fluminalis  has  led  him  into  another  error ;  for  he  groups 
together  the  March  and  Barnwell  gravels,  which  are  now  found  to 
be  entirely  disconnected.  The  danger  of  trusting  to  so  small  an 
amount  of  palseontological  evidence  is  thus  illustrated.  Deposits 
which  contain  similar  fossil  assemblages  may  be  compared  ;  but  de- 
posits which  only  happen  to  contain  one  fossil  in  common  are 
palffiontologically  incomparable. 

The  testimony  in  favour  of  the  Postglacial  correlations  is  not 
even  of  so  plausible  a  nature  as  that  for  the  Preglacial  classification  ; 
for  Cyreita  fluminalis  is  known  to  have  existed  previously  during 
the  later  Crag-formations  ;  it  was  probably  only  banished  from  Eng- 
land during  the  coldest  times  of  the  Glacial  Period,  and  returned 
whenever  the  conditions  permitted  its  existence  ;  it  is  by  no  means 
of  universal  occurrence  in  the  older  river-gravels  themselves,  its  dis- 
tribution being  apparently  dependent  upon  climatic  conditions  and 
other  circumstances ;  so  that  it  cannot  be  used  even  here  as  an  in- 
fallible criterion  of  age:  e,  g,  the  Barnwell  gravels  contain  it  in 
abundance;  but  it  has  not  yet  been  found  in  the  freshwater  portion 
of  the  older  series  above  mentioned. 

I  will  now  examine  on  separate  and  independent  grounds  the 
probability  of  any  of  the  deposits  indicated  by  Mr.  S.  Wood  being 
contemporaneous  with  the  Hessle  Sands. 

(1)  The  Hunstanton  Gravel.  The  marine  character  of  this  deposit, 
together  with  its  position  above  the  level  of  the  Fenland,  lends  some 
colour  to  the  supposition  of  its  synchronism  with  the  Hessle  beds. 
Mr.  Wood  thus  speaks  of  it  t : — "  The  Hunstanton  gravel  resembles  in 
its  palseontological  aspects  the  Eelsea  Hill  bed  in  consisting  entirely 
of  Uving  species,  and  none  but  those  inhabiting  British  Seas  have 
yet  been  obtained  by  us  from  it.  It  is  not,  however,  overlain  by  any 
thing  answering  to  the  Hessle  Clay ....  neither  does  the  Cyrena  occur 
in  it."  This  raised  beach  has  not,  indeed,  been  fully  investigated ;  and 
its  relation  to  the  other  drift  beds  in  the  neighbourhood  is  at  present 
unknown.  A  carefid  examination  would  probably  lead  to  some  inter- 
esting results ;  for  a  little  south  of  the  point  where  the  Red  Chalk 
rises  to  the  top  of  the  cliff  at  Hunstanton,  a  stiff  reddish-brown  clay 
takes  the  ground,  presenting  a  pebbly  base  and  l3ring  in  hollows 
eroded  out  of  the  Carstone  ;  it  deepens  southwards  towards  the  sta- 
tion and  becomes  more  purple  in  colour.  I  hesitate  even  to  hazard 
the  suggestion  that  this  may  be  a  form  of  the  Hessle  Clay,  as  the 
possibility  has  only  lately  occurred  to  me,  and  my  visit  to  Hunstan- 
ton was  anterior  to  my  acquaintance  with  the  latter  clay. 

(2)  The  gravels  <m  the  North  Edge  of  the  Fen.  I  have  already 
stated  the  reasons  which  induce  me  to  regard  these  as  probably  of 
later  date  than  the  Hessle  Clay  (see  p.  414).    I  admit  that,  where 

*  Proo.  Nonr.  Geol.  Soc.  vol.  i.  p.  50. 

t  Introdoction  to  Supplement  of  '  Orag  MoUusoa*  (PaL  Soc),  p.  xxviit. 

Q.  J.  G.  S.  No.  139.  2g 
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these  grayels  abut  against  the  Boulder-day,  the  obscurity  of  the 
ground  renders  it  dangerous  to  pronounce  a  decided  opinion  on  the 
question*.  They  have  not  yet  yielded  any  organic  remains ;  but 
their  mode  of  occurrence  near  Kirkby  and  Kevesby  is  suggestiye  of  a 
fluviatile  origia ;  moreover  their  inland  and  upland  continuations 
appear  to  be  true  river-gravels,  comparable  to  Uiose  long  ridges  of 
gravel  in  Cambridgeshire  which  have  been  described  by  Mr.  Penning 
and  myself — records  of  a  river-system  which  is  older  than  the 
valleys  of  the  present  streams  f.  The  great  outspread  of  sand  and 
gravel  round  Tattershall  may  be  the  estuarine  termination  of  these 
ancient  Lincolnshire  rivers :  this  is  the  conclusion  to  which  1  am  led 
by  the  mapping  of  the  district,  in  its  present  stage ;  but  the  comple- 
tion of  the  survey  will  doubtless  throw  more  light  on  the  matter. 

(3)  The  March  Gravel,  There  is  no  direct  connexion  between 
this  and  the  gravels  on  the  north  edge  of  the  Fen,  as  Mr.  Wood's 
language  would  lead  us  to  suppose.  If,  however,  we  assume  what 
I  have  just  indicated  as  probable,  viz.  that  the  remarkable  series  of 
ancient  river-gravels  which  occur  in  Cambridgeshire  and  Lincoln- 
shire are  coeval,  then  we  may  naturally  conclude  that  what  appear 
to  be  their  estuarine  terminations  are  likewise  of  the  same  age  ;  but 
as  regards  the  particular  epoch  of  Post-tertiary  time  to  which  they 
belong,  we  have  as  yet  no  testimony  which  is  worthy  the  name  of 
evidence.  We  only  know  that  they  are  of  later  date  than  the  Great 
Chalky  Boulder-clay ;  whether  they  belong  to  a  period  anterior  or 
posterior  to  that  which  witnessed  the  formation  of  the  Hessle  Clay 
we  have  no  means  of  deciding.  The  probabilities,  however,  are  in 
favour  of  their  being  younger  than  this  clay. 

(4)  The  Barnwell  QraveU,  The  mapping  of  the  country  round 
Cambridge  demonstrates  that  these  form  part  of  a  much  newer  de- 
posit than  the  old  series  of  gravel  ridges  which  appear  to  find  their 
termination  at  March.  They  belong  to  the  present,  and  not  to  the 
former  valley-system.  If  therefore  the  older  gravels  should  even- 
tually prove  to  be  in  any  way  connected  with  tibe  Hessle  series,  it  is 
dear  that  the  Barnwell  gravel  cannot  also  be  of  that  age ;  yet  it 
contains  C^Tcna  fluminaliB  in  abundance.  Thus  it  becomes  evident 
that  this  shell  cannot  be  depended  on  as  a  criterion  of  age. 

(5)  The  Nar-valUy  beds.  Mr.  Skertchly  looks  upon  these  as 
newer  than  the  oldest  gravels  of  the  Fenland  (March  &c.)  and  pro- 
bably contemporaneous  with  the  beach-gravels  "f.  This  view  is  an- 
tagonistic to  that  of  Mr.  Searles  Wood,  Junior,  who  thus  speaks  of 
them§ : — "  In  all  these  gravels  [Kelsea,  Hunstanton,  March],  as  well 
as  in  the  Nar  Brickearth,  Ostrea  edulis^  which  is  absent  from  all 
the  East  Anglian,  and,  indeed,  from  all  the  English  Gladal  beds,  is 
abundant ;  and  there  can  be  little  doubt  that  the  four  are  synchronous 

«  A  trenoh  carried  across  the  juaction-line  of  the  clay  and  grarel  would  pro- 
bably decide  this  important  point 

t  Penning,  Quart.  Joum.  Geol.  vol.  xxxii.  p.  191 ;  Jukes-Browne,  •  Post- 
tertiary  Deposits  of  Cambridgeshire/ p.  46. 

t  GeoloKy  of  the  Fenhind  (Mem.  CfeoL  Surrey),  p.  235. 

f  Introduction  to  Supplement  to  the  *  Crag  MoUusca '  (Ril.  Soc.),  p.  xxriii. 
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and  belong  to  the  earlier  or  Cyrena  fluminalis  part  of  the  Postgla- 
cial Period."  Now  C.  Jluminalis  does  not  occur  in  the  Nar-valley 
beds ;  and  the  0.  edtdis  argument  is  of  as  little  value  as  that  derived 
from  the  former  shell  in  other  cases.  If  therefore  Mr.  Skertchly  is 
right,  the  Nar  beds  as  well  as  the  Barnwell  gravel,  will  have  to  be  -^ 

dissociated  from  the  other  deposits;  and  it  is  quite  possible  that  all  J 

four  are  of  entirely  dififerent  ages. 

(6)  The  Thames  Brickearihs,  Since  these  belong  to  an  entirely 
different  valley-system  from  that  of  the  fen-basin,  it  is  difficult  to 
see  how  any  absolute  correlation,  such  as  that  proposed  by  Mr. 
Wood,  can  ever  be  established.  The  same  remark  will  apply  to  the 
Suffolk  and  Essex  beds  containing  Cyrena  Jluminalis,  They  are 
entirely  separated  from  all  the  deposits  which  have  any  relation  to 
the  Hessle  beds ;  and  Bince  I  claim  to  have  shown  that  the  argument 
derived  from  the  presence  of  the  Cyrena  can  have  very  little  weight, 
none  but  the  most  general  considerations  can  be  brought  to  bear 
upon  the  question.  Some  results,  of  an  interesting  nature  and 
bearing  a  certain  amount  of  probability,  might,  indeed,  be  deduced 
from  a  comparison  of  the  fluviatile  deposits  in  the  valleys  of  the 
Cam  and  Thames ;  but  the  materials  for  this  have  only  recently  been 
obtained.  It  may  be  pointed  out  that  the  brickearths  with  Cyrena 
are  not  the  oldest  deposits  of  the  Thames  valley ;  they  belong  to 
the  lower  terraces,  which  are  separated  from  the  higher  and  older 
gravels  by  as  wide  an  interval  as  that  which  marks  off  the  Barnwell 
beds  from  the  older  gravels  in  Cambridgeshire. 

Mr.  James  Geikie  ♦  and  Mr.  Skertchly  f,  in  discussing  the  age  of 
the  Palaeolithic  deposits,  have  put  forward  certain  theoretical  consi- 
derations in  support  of  their  view  that  these  beds  are  of  Preglacial 
and  Interglaoial  age.  They  draw  attention  to  the  fact  that  the 
palaeolithic  implements  are  generally  associated  with  a  mammalian 
fauna  which  is  very  different  from  that  of  the  Neolithic  times,  and 
suggest  that  the  gap  between  these  two  periods  was  caused  by  the 
recurrence  of  glacial  conditions. 

Mr.  Geikie  asks,  "  Why  are  palaeolithic  river-gravels  restricted  to 
the  south-east  of  England,  while  neolithic  remains  occur  broadcast 
throughout  these  islands  ?  What  is  the  reason  for  the  limitation 
of  the  southern  mammalia  to  one  small  area  in  the  south-east  ?  and 
why  should  the  mammoth  and  woolly  rhinoceros  occur  so  abun- 
dantly in  the  valley-gravels  of  that  district,  while  they  appear  so 
seldom  in  the  valley-gravels  of  the  north  ?  "  The  answer  which  he 
gives  to  these  queries  is,  that  **  the  palajolithic  deposits  are  of  pre- 
glacial and  intcrglacial  age,  and  that  none  of  them  are  Postglacial." 

His  arguments  are  ingenious  and  worthy  of  all  consideration ;  but 
other  answers  may  be  given  to  these  questions ;  the  length  of  the 
postglacial  period  may  have  been  greater  than  he  supposes ;  and 
the  evidence,  though  somewhat  cumulative,  is  not  uniform  or  en- 
tirely convincing.  I  am  inclined  to  regard  even  the  oldest  river- 
gravels  in  the  south-east  of  England  as  truly  of  Postglacial  date,  t.  e, 
newer  than  the  Hessle  Clay ;  but  I  grant  they  may  he  of  any  ago 

»  Greet  Ice  Age,  p.  531.  t  Geology  of  the  Fenland,  p.  208. 
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later  than  the  Chalky  Boulder-day.  All  I  have  attempted  to  show 
in  the  preceding  pages  is,  that  the  grounds  on  which  the  older  graT^ 
have  heen  correlated  with  the  Hessle  Sands  cannot  he  sustained  in 
the  light  of  more  recent  researches ;  and  I  contend  that  it  is  wiser 
to  suspend  our  judgment  concerning  the  relations  which  they  heax 
to  the  Glacial  series  until  more  positive  evidence  has  heen  ohtiBdned. 

Appekdix. 
The  Deep  WeU  at  Boston. 

Great  importance  has  recently  heen  given  to  the  details  of  a  deep 
horing  at  Boston,  which  was  executed  in  1828,  and  a  record  of  which 
is  preserved  in  Thomson's  '  History  of  Boston/  This  account  has 
heen  reproduced  in  the  '  Memoir  on  the  Geology  of  the  Fenland,' 
hy  Mr.  8.  B.  J.  Skertchly.  Depending  on  thb  record,  and  mainlj 
on  the  fact  that  hetween  the  depths  of  523  and  530  feet  ''  cla^, 
sheUs,  &nd flints*'  are  said  to  have  occurred,  Mr.  Skertchly  regards 
the  section  as  giving  evidence  of  the  extension  of  the  Glacial  series 
to  the  enormous  depth  of  nearly  600  feet  helow  Boston. 

I  cannot  hut  think,  however,  that  the  evidence  on  which  this  sup- 
position rests  is  too  weak  and  uncertain  to  support  so  startling  a 
conclusion.  The  description  of  the  heds  said  to  have  occurred  in  the 
last  80  feet  is  certainly  very  extraordinary ;  but  a  boring  can  never 
be  considered  of  the  same  evidential  value  as  a  section  which  has 
at  any  time  been  open  to  observation,  and  this  boring  is  50.  years 
old ;  so  that  no  questions  can  be  asked  of  the  well-sinker.  Every 
one  who  is  accustomed  to  the  reports  of  such  persons  is  aware  of 
the  extraordinary  terms  they  sometimes  use,  of  the  necessity  there 
often  is  for  personal  cross- examination,  and  of  the  liability  to  error 
arising  from  stones  and  other  substances  falling  into  the  bore :  this 
error  is  particularly  difficult  to  eliminate ;  and  1  think  it  may  account 
for  some  of  the  appearances  in  the  present  case. 

Furthermore  it  is  always  necessary  to  translate  such  accounts 
into  geological  language  ;  and  it  is  not  always  safe  to  accept  the  well- 
sinker's  terms  in  a  literal  sense.  Now  in  this  particular  record  fre- 
quent mention  is  made  of  shells,  shingle,  and  flint ;  and -Mr.  Skertchly 
lays  great  stress  on  the  occurrence  of  the  last  of  these,  because  he 
thinlu  '*  this  substance  can  hardly  have  been  mistaken  for  any  other 
material"*.  Mr.  Penning,  however,  has  drawn  my  attention  to  the 
fact  that  in  Cambridgeshire  the  term  "  flint "  is  said  to  le  sometimes 
applied  to  hard  beds  and  concretions  in  the  Oolitic  clays.  Speaking 
of  a  rocky  band  in  the  Oxford  Clay,  Prof.  Seeley  says  "  the  work- 
men call  it  ^  flint,'  a  name  1  have  also  found  given  in  the  surround- 
ing district  to  the  septarious  concretions  of  the  clays^t. 

The  sTiells  may,  of  course,  be  actual  fossil  shells  {Ostrea,  Orypluea, 
&c.) ;  but  a  substance,  which  was  probably  sdenite,  has  been  de- 
scribed to  me  as  coming  up  "in  bits,  like  shell  or  pumice-stone." 
What  the  shingle  may  have  been  is  hard  to  say ;  but  it  would  be 

*  Geology  of  tbe  Fenland,  p.  211. 

t  Seelej,  Ann.  &  Mag.  Nat  Hist.  ser.  3,  toL  z.  p  104. 
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raah  to  assert  that  it  can  only  mean  gravel  or  pebbles ;  for  instance, 
when  it  is  stated  that  at  a  depth  of  484  feet  **  shells,  shingle,  and 
clay  "  were  found  resting  on  sand,  a  noduU-bed  with  shells  or  seleniU 
forming  the  base  of  the  great  mass  of  clay  may  here  be  indicated  : 
this  is  merely  suggested  as  a  possibility,  and  as  showing  how  en- 
tirely the  geological  yalne  of  the  record  depends  on  the  interpretation 
of  the  terms  and  details. 

I  hardly  think  that  we  have  in  this  section  a  reliable  basis  for 
such  an  important  theoretical  superstructure  as  that  which  Mr. 
Skertchly  has  built  upon  it.  It  is  too  much  to  conclude,  merely  on 
the  strength  of  this  boring,  that  during  the  formation  of  the  Middle 
Glacial  Sands  the  land  stood  500  feet  higher  than  it  does  at  present*, 
especially  as  the  only  other  deep  boring  near  Boston  does  not  show 
a  trace  of  such  sands  below  the  Boulder-clay,  the  base  of  which  was 
reached  at  a  depth  of  166|  feet. 

It  is,  on  the  contrary,  quite  possible,  not  to  say  probable,  that  the 
greater  part  of  the  boring  lies  in  the  Kimmeridge  and  Oxford  Clays. 
Beds  of  rock  and  sand  are  known  to  occur  in  and  between  these 
clays  not  far  to  the  southward ;  and  the  isolated  reef  at  Upware 
attests  the  occasional  and  local  development  of  the  Coral  Bag.  Be- 
ferring  to  the  rock  which  is  reported  as  reached  at  a  depth  of  608 1 
feet,  Mr.  Skertchly  thinks  it  was  probably  a  large  boulder,  since  it 
took  foar  days  to  pierce,  "  which  would  not  have  been  the  case  had 
it  been  a  Septaria  in  the  Ximeridge  Clay."  But  a  septarian  con* 
cretion  is  not  the  only  alternative ;  and  this  depth  would  probably 
be  below  the  limit  of  the  Kimmeridge  Clay :  the  rdck  may  be  a 
band,  like  that  which  occurs  at  Elsworth,  in  Cambridgeshire,  and 
for  testimony  to  the  hardness  of  which  I  may  refer  to  Prof.  Seele/s 
description t.  Moreover  another  "  rock"  is  stated  to  have  occurred 
30  or  40  feet  lower  down  in  the  section. 

Now,  assuming  that  the  lower  part  of  the  boring  is  in  the  Oolitio 
series,  it  becomes  important  to  determine,  if  possible,  the  base  of  the 
Boulder -clay ;  and,  in  the  first  place,  it  may  be  noted  that  the  boring 
at  Fossdyke  (only  7  miles  south  of  Boston)  reached  the  bottom  of  this 
clay  at  a  depth  of  166 1  feet,  passing  immediately  into  Kimmeridge 
Clay,  with  septarian  bands,  which  was  bored  to  a  further  depth  of 
169^  feet.  Lf  we  examine  the  account  of  the  Boston  well,  we  find 
that  stones  are  repeatedly  mentioned  as  occurring  in  the  clay  down 
to  a  depth  of  190  feet,  but  that  below  this  there  is  no  recorded 
occurrence  of  stones  throughout  a  thickness  of  294  feet.  All  this 
portion  of  the  section  is  described  as  "  dark  day,  with  sheUs,"  ex- 
cept a  band  in  the  middle,  22  feet  thick,  of  "  light  slate-coloured 
clay,  with  large  shells."  Such  a  description  applies  far  better  to  the 
Kimmeridge  or  Oxford  Clay  than  to  Boulder-clay  ;  for  it  would  be 
surprising  that  no  stones  should  have  been  met  with  in  boring  through 
a  thickness  of  nearly  300  feet  of  the  latter.  Moreover,  if  we  place 
the  base  of  the  Boulder-clay  at  190  feet,  the  section  then  agrees 

*  See  <  Geology  of  the  FeDland/  p.  218. 

t  Ann.  A  Mag.  Nat.  Hist.  eer.  3,  toL  x.  p.  99. 
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veiy  fairly  with  the  more  recent  and  more  accurately  described 
boring  at  Fossdyke. 

The  beds  below  the  depth  of  484  feet  will  have  a  more  natural 
aspect  if  they  are  dissociated  from  the  artificial  grouping  presented  by 
the  daily  report ;  for  it  is  dear  that  one  and  the  same  bed  often 
enters  into  the  report  of  two  or  more  days'  progress.  In  the  follow- 
ing, therefore,  we  have  what  appears  to  be  the  natural  descending 
Older  of  the  strata  said  to  have  been  met  with  in  the  last  88  feet : — 

feet 

Shells,  shingle,  and  [?  in]  dark  day  about  1 

Fine  sharp  sand more  than  5 

Dark  clay,  with  shelb  in  the  lower  part  from  10  to  15 

Shingle,  flints,  and  shells    3^ 

Bock  (apparently  yeryhard) 2 

Stones  mixed  with  clay,  shells  and  flint  near  the  bottom      19^ 

Stone,  shells,  and  rook  [?  rooky  layers]    18 

Dark  day 7 

Whitesand  11 

Umbeivlike  earth 6 

88 

Any  one  reading  the  original  account  will  see  that  the  terms  and  ex- 
pressions employed  are  those  of  an  ignorant  writer;  and,  making 
allowance  for  this,  it  would  seem  quite  possible  that  the  beds  above 
indicated  may  re<Uly  be  strata  of  a  local  and  exceptional  character 
in  the  upper  part  of  the  Oxford  Clay.  The  junction  of  the  Kimme- 
ridge  and  Oxford  Clays  in  South  Lincolnshire  is  concealed  by  the 
overlying  fen-deposits,  so  that  we  have  no  means  of  knowing  what 
beds  may  or  may  not  be  developed  about  their  line  of  junction. 

Without  further  discussion  of  this  matter,  the  following  genera- 
lization of  the  section  seems  to  me  a  more  probable  one  than  the  in* 
terpretation  proposed  by  Mr.  Skertchly  ; — 

feet 

Loose  earth  and  silt    Fen-beds 24 

Hard  earth,  mixed  with  1  «  „     ,    ^. 
stone  and  clay.  |  7  nessle  Ulay    26 

Ofay  and  shells.    ] 

Clay  and  flints.     I  Boulder-day  '. , 140 

Clay  and  stones.  J 

Dark  clay  and  shells.  | 

Slate-coloured  day,  with  shells.  I  Oolitic  days  294 

Dark  cla^  and  shells.  J 

Alternations  of  sand,  clay, ''shingle,"  \  Beds  in  or  above  the  Ox- 
"  stones,"  and  rock.  /     ford  Clay 88 

572 

It  will  be  noticed  that  1  have  ventured  to  insert  the  Hessle  Clay. 
This  is,  of  course,  subject  to  future  correction ;  but  the  terms  used 
to  describe  the  upper  26  feet  of  clay  are  different  from  those  em- 
ployed afterwards,  so  that  the  depth  of  the  Hessle  Clay  may  be  in- 
dicated here  if  the  conjecture  of  its  occurrence  at  Boston  should  prove 
to  be  correct. 
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33.  Vbctisaubus  Valdensis,  a  new  Wealden  Dinosaub. 

By  J.  W,  HiTLKE,  Esq.,  F.R.S.,  F.G.S.     (Read  AprU  30,  1879.) 

[Platb  XXI.] 

On  the  13th  of  October,  1871, 1  found,  weathered  out,  lying  on  the  cliff- 
foot,  300  yards  east  of  the  flagstaff  near  Brixton  Chine,  Isle  of  Wight, 
the  fossil  remains  now  submitted  to  the  Society.  The  extreme 
autumnal  heat  had  much  cracked  the  surface  of  the  clay  in  which  the 
bones  had  been  entombed ;  and  these  also  were  shattered  into  number- 
less small  fragments,  most  of  which  could  not  be  joined,  so  that  parts 
of  six  vertebrae  and  of  a  large  flat  bone,  which  I  regard  as  an  ilium, 
were  all  that  could  be  recovered.  Since  then  I  have  several  times  re- 
visited the  spot  in  the  hope  of  finding  other  portions  of  the  skeleton, 
but  fruitlessly  ;  and  as  the  cliff-foot  is  now  wasted  back  to  such  a 
distance  as  to  make  the  recovery  of  it  most  unlikely,  the  time  has 
come  when,  without  incurring  the  charge  of  undue  haste,  I  may 
bring  under  the  notice  of  the  Society  these  evidences  of  what  I 
venture  to  think  will  be  received  as  a  new  Dinosaurian  genus. 

Vertsbrce.—Oi  these,  four  (Nos.  24  (figs.  4-7),  25,  26,  28)  ♦  are 
pwBsacral,  and  one  (No.  27)  postsacral  (PI.  XXI.  figs.  2, 3).  Of  the 
four  prsesacral  vertebrsB,  three  are  centra,  each  retaining  its  neural 
arch,  and  one  is  represented  by  a  detached  neural  arch.  These  pra3- 
sacral  centra  are  all  opisthococlous.  The  hollowness  of  the  posterior 
articular  surface  (fig.  6)  is  so  decided  that  its  figure  may  be 
properly  described  as  cupped.  The  anterior  articular  surface 
(fig.  5)  is,  in  its  present  state,  nearly  plane;  in  none  does  it 
exhibit  a  convexity  such  as  might  have  been  inferred  from  the 
hollowness  of  the  posterior  surface.  This  apparent  want  of  cor- 
respondence of  figure  of  the  two  articular  surfaces  may  be  due  to 
removal  by  post  mortem  maceration  of  the  fibro-cartilaginous  layer 
clothing  the  fresh  bone,  the  effect  of  which  would  be  to  lessen  the 
convexity  and  deepen  the  concavity.  The  circumferential  contour 
of  the  articular  surfaces  is  heart-shaped,  that  of  the  posterior  being 
fuller  than  that  of  the  anterior  surface.  The  neural  portion  of  this 
ciroumference  is,  for  the  anterior  surface,  nearly  straight,  for  the 
posterior  surface  notched.  The  outer  or  non -articular  surface  is  con- 
cave longitudinally  and  convex  transversely,  which  gives  it  the  figure 
of  a  laterally  fiattened  cylinder  bluntly  keeled  below.  A  narrow 
mesial  tract  of  the  upper  surface  of  the  centrum,  visible  between  the 
neurapophyses,  forms  the  fioor  of  the  neural  canal.  The  neural 
suture,  perceptible  in  the  three  vertebrce,  descends  slightly  on  the 
lateral  surface  of  the  centrum.  Relatively  to  the  length  of  the 
centrum,  the  antero-posterior  extent  of  the  neurapophyses  is  con- 
Biderable.  One  vertebra  (No.  24,  figs.  4-7)  retains  both  prsBzyga- 
pophyses  and  transverse  processes.  The  former  look  almost  directly 
tipwards  with  a  slight  inward  slant.     The  transverse  processes  are 

*  The  numbers  wfor  to  the  Catalogue  of  my  collection. 
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Btout  aod  trihedral.  Extending  directly  ontwards,  thej  readi  to 
nearly  1*3  inch  beyond  the  root  of  the  neural  spine.  Their  upper 
surface  is  a  flat  triangular  table  with  a  rounded  apex  at  the  free  end* 
The  anterior  border,  stouter  and  shorter  than  the  posterior,  is  im- 
pressed with  a  rib-pit  dose  to  the  pr»zygapophysis ;  and  the  free  end 
of  the  process  is  distinctly  articular,  lie  posterior  border  is  produced 
backwards  along  the  summit  of  the  neural  arch  to  the  postzygapo- 
physis,  which  gires  to  the  transrerse  process  the  platform-like  figure 
wluch  has  been  considered  characteristic  of  Dinosauria.  The  under 
surface  of  the  process  is  upborne  by  a  buttress  which,  beginning 
near  the  posterior  inferior  angle  of  the  neurapophysis,  is  directed 
upwards  and  forwards,  and  extended  nearly  to  the  free  end  of  the 
process.  No.  28,  a  neural  arch,  somewhat  squeezed  by  post  mortem 
pressure,  which  has  become  detached  from  the  centrum  along  the 
suture,  has  a  similar  transverse  process  to  No.  24 ;  but  this  slants 
backwards  more  than  directly  outwards,  and  a  longer  space  intervenes 
between  the  capitular  costal  pit  near  the  praezygapophysis  and  the 
tubercular  articulation  at  the  free  end  of  the  process.  The  anterior 
border  of  the  process  between  the  two  rib-joints  has  also  a  linear  in- 
dentation, against  which  the  rib,  when  articulated,  rested,  as  in  extant 
crocodiles.  The  pnezygapophyses  have  a  stronger  inward  inclination 
in  this  vertebra  tiian  in  No.  24.  I  regard  this  vertebra  (No.  28)  as 
dorsal,  and  as  corresponding  nearly  to  the  15th  or  16th  pnesaoral  ver- 
tebra in  Crocodilus  nilotictu.  Nos.  25  and  26  are  in  undoubted  natural 
sequence,  the  left  postzygapophysis  of  No.  25  being  cemented  by 
fo3silization  to  the  corresponding  praszygapophysis  of  No.  26.  The 
neural  arch  is  loftier  than  in  No.  24 ;  and  the  transverse  process  (lost) 
appears  by  its  root  to  have  been  more  slender.  The  postzygapophyses 
very  considerably  overhang  the  posterior  plane  of  the  centrum. 
The  neural  spine,  which  was  broken  off  but  lying  in  juxtaposition 
with  its  centrum,  is  an  oblong  blade  about  4  inches  high  and  having 
near  its  f^  end  an  antero-posterior  extent  of  1*2  indb.  Its  front 
border  is  thin ;  its  posterior  is  cleft  towards  the  base  by  a  deep  groove, 
which,  in  the  articulated  vertebral  column,  received  the  anterior 
border  of  the  spinous  process  of  the  vertebra  behind  it. 

The  postsacral  vertebra  (figs.  2, 3)  has  lost  its  neural  arch,  which 
has  become  separated  at  the  suture.  Both  articular  surfaces  are  de- 
cidedly concave.  Their  circumferential  contour  is  suboordate :  the 
upper  portion,  straight,  is  the  widest  part  of  the  centrum ;  it  meets 
the  lateral  portions  somewhat  angularly.  The  lateral  surface  of  the 
centrum  is  concave  longitudinally,  and  nearly  plane  vertically  from 
the  neural  suture  to  the  lower  border,  which  it*  meets  in  a  slightly 
angulated  ridge  that  begins  behind  at  the  chevron  facet,  and  is  sepa- 
rated from  the  ridge  of  the  other  side  by  a  shallow  median  depression. 
On  the  posterior  border  of  this,  the  inferior  surface  of  the  oentrum, 
the  chevron  facet  is  very  conspicuous,  and  it  seems  almost  subdivided. 
The  transverse  process  (lost)  was  attached  at  the  line  of  junction  of 
the  neurapophysis  and  centrum.  I  take  this  vertebra  to  have  been 
not  far  behind  the  sacrum,  at  the  root  of  the  tail. 

The  bone  (No.  22)  which  I  r^ard  as  an  ilium  (fig.  1)  consiBts 


Digitized  by 


Google 


J.  W.  mJLKM  ON  A  KJEW  WEALDEH  DIH06A1TB.  428 

of  a  deep,  flattened,  obloDg  plate,  of  which  one  border,  the  npper, 
18  produced  in  the  form  of  a  stout  process  for  the  distance  of  about 
3*5  inches.  Towards  its  free  end  this  process  is  compressed ;  and 
at  its  base  its  lower  margin  curves  downwards  and  then  forwards  to 
form  with  the  angle  of  the  lower  border  one  horn  of  the  segment  of 
a  circle  which  constitutes  all  that  remains  of  this  border  of  the  bone. 
This  concavity,  which  appears  to  me  to  be  articular,  I  regard  as  the 
iliac  portion  of  the  acetabulum ;  and  I  look  upon  the  angle  just  men* 
tioned  as  the  pubic  attachment,  and  the  process  above  it  as  the  prae- 
acetabular.  That  which  I  consider  to  be  the  outer  surface  of  the 
wide  plate,  or  body,  of  the  ilium  is  sinuous,  being  alternately  slightly 
concave  and  convex,  from  above  downwards ;  whilst  the  inner  or 
mesial  surface  has  a  stout  ridge  produced  backwards  from  the  pras- 
acetabular  process,  and  marked  above  the  acetabulum  by  pits,  which 
I  take  to  be  the  impressions  of  the  attachments  of  the  sacral  ribs. 
The  remaining  fragments  of  this  bone  show  its  postacetabular  por- 
tion to  have  been  of  large  extent ;  unfortunately  they  could  not  be 
reunited  so  as  to  give  its  figure. 

The  characteristic  form  of  the  ilium,  with  its  long  pneacetabular 
process,  would  alone  suffice  to  place  the  animal  represented  by  these 
remains  in  the  order  Dinosauria ;  and  the  wide  platform-like  root  of 
the  transverse  process  springing  from  the  summit  of  the  lofty  neural 
arch  in  the  donal  vertebne  corroborates  this  reference.  From  the 
earlier  an4  later  Mesozoic  Crocodilians  with  constant  amphicoelous 
centrum  (TeUomuri,  OoniopJiolis)  it  is  easily  distinguished  by  its 
opisthocoBlous  dorsal  centra.  From  Suchosaurus*,  Owen,  which  it 
somewhat  resembles  in  the  keeled  lower  border  of  the  centrum,  it 
may  be  distinguished  by  the  subcordate  contour  of  the  articular  ends 
of  the  dorsal  centra.  A  comparison  also  of  No.  28  with  a  dorsal 
vertebra  of  Suchosaurus  in  which  the  capitular  costal  facet  occupies 
the  same  position  relatively  to  the  prsBzygapophysis  as  in  No.  24, 
and  is  therefore  presumably  from  the  same  part  of  the  vertebral 
column,  shows  that  in  this  new  Saurian  the  basal  width  of  the 
transverse  process  is  much  greater  relatively  to  the  length  of  the 
process  thsm  it  is  in  Stichosaurus,  From  Jgtuinodon  ManteUi  it  is 
easily  known  by  the  different  form  of  the  ilium  and  of  the  caudal 
vertebrad,  as  also  by  the  characters  of  the  dorsal  vertebrse  just  de- 
scribed. These  criteria  also  serve  to  distinguish  it  from  the  allied 
HypnUphodon  Foxit,  It  may  be  thought  incumbent  on  me  to 
establish  its  distinctness  from  Streptospandylus ;  the  opisthocoelian 
form  of  the  dorsal  vertebrae  seems  to  require  this,  convexo-concave 
vertebrae  such  as  are  usually  referred  to  the  genus  Streptotpondylus, 
being  not  unfrequently  found  in  the  Wealden  beds  in  the  Isle  of 
Wight.  From  those  of  Streptospotidyhts  recentior,  Owen  t,  and 
S.grandU  (young  individuals  are  of  course  imagined)  my  vertebrae 
dif^r  so  obviously  in  figure  and  in  texture  that  a  mistake  is  not 
possible.     As  little  necessary  is  a  fonnal  proof  of  their  distinctness 

*  From  evidence  in  my  pofiBession  I  rather  incline  to  regard  Suchosaurus  as 
not  improbably  a  Dinoaaur. 
t  liantell^  FoBsila  of  Britiah  Museum. 
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£rom  PoikUopUurony  remains  ascribed  to  a  small  species  of  which, 
P.  pu8iUu9y  are  described  and  figured  by  E.  Owen  in  the  PaL  Soc 
Mem.  1876. 

For  this  new  Wealden  Dinosaur,  represented  by  the  remains  which 
I  haye  the  honour  of  now  placing  before  the  Society,  indicating  an 
individual  about  3  feet  long,  exclusive  of  tail,  I  propose  the  name 
Vectisaurus  vaMensUtA  name  suggestive  of  the  locality, /fwu2a  Vectis^ 
and  the  formation  whence  I  obtained  it. 

In  the  form  of  the  antacetabular  process  it  shows  a  nearer  re- 
semblance to  the  Iguanodontidae  than  to  the  Megalosanridae. 

EXPLANATION  OF  PLATE  XXI. 

Fig.  1.  The  right  ilium,  innef  sarface.    oc,  acetabulum ;  ph^  its  pubio 

process ;  vr.  ac^  prflsacetabular  process. 
Fig.  2.  Caudal  vertebra,  posterior  surface,    n,  neural  canal ;  n&t  neurapo- 

phjsial  suture  ;  ch,  dievron  facet 
Fig.  3.  Under  surface  of  same. 
Figs.  4-7.  Thoracic  vertebra.    Fig.  4,  viewed  from  above ;  fig.  5,  from  in 

front ;  fig.  6,  from  behind ;  fig.  7,  side  view,    d,  diapophjsis ;  p,  para- 

pophysis ;  prz^  praezygapophysis. 

(The  figures  are  of  the  natural  size.) 


Discussion.  « 

Prof.  Seelet  asked  the  author  to  what  form  of  Dinosaurs  the 
new  genus  appeared  to  him  to  be  most  closely  related.  That  the 
specimens  were  Dinosaurian,  and  belonging  to  a  perfectlj  new  genus, 
there  could  be  no  doubt  whatever.  He  remarked  that  the  ribs  were 
united  to  the  termination  of  the  transverse  processes  of  the  verte- 
brae, and  that  the  neural  spine  was  deeply  cleft  in  form. 

The  AuTHOK  replied  to  Prof.  Seeley  that  he  regarded  the  form 
he  had  described,  as  most  closely  allied,  especially  in  the  great 
length  of  the  prseacetabular  process,  to  the  Iguanodontidae ;  and  ho 
pointed  out  on  the  transverse  process  a  double  costal  articulation. 
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34.  Besults  of  a  Systematic  Survey,  in  1878,  of  the  Directions 

and  Limits  of  Dispersion,  Mode  of  Occurrence,  and  Relation 

to  Drift-deposits  of  the  Erratic  Blocks  or  Boulders  of  the  West 

of  England  and  Eatt  of  Wales,  including  a  Ebyision  of  many 

Years*  previous  Observations.    By  D.  Mackintosh,  Esq.,  F.G.8. 

(Bead  March  26,  1879.) 

[Plate  XXTI.] 

conteicts. 

I.  Introductory  Bemarks  and  Definitions. 
II.  The  great  Kirkcudbrightshire  Qranite-dispcrBion. 
III.  The  great  Cumberland  GJranite-  and  Felstone- dispersion. 
IV.  Soutn-casterly  Extension  of  the  great  Areniff-Felstone-dispersion. 
y.  Chalk  Flints  and  Lias  Fossils  associated  wiui  Northern  Boulders. 
YI.  Absence  of  striated  Rock-surfaces  over  the  Southern  Part  of  the  Boulder- 

strewn  Area. 

yii.  Remarks  on  local  Boulder-dispcraions. 
Vni.  Positions  of  Boulders  relatiyely  to  the  matrix  of  Drift-deposits. 
IX.  Explanation  of  Map. 

X.  Tabular  View  of  the  Suooessiye  Stages  of  the  great  Glacial  Submergence 
during  which  the  Boulders  of  the  west  of  England  and  North  Wales 
may  have  been  transported. 

•  I.  Introdfctory  Bj:harks  and  Definitions. 

[Though  long  familiar  with  the  erratic  blocks  or  (as  they  are  now  mure 
generally  caUed)  boulders  of  the  west  of  England,  and  though  I  had 
written  many  papers  on  the  subject,  which  appeared  in  the  '  Quart. 
Joum.  Geol.  Soc.'  and  ^  Geologicid  Magazine/  I  lately  saw  the  neces- 
sity for  a  systematic  revision  of  what  1  had  done,  and  more  especially 
for  an  extension  of  my  observations  in  a  south  and  south  east  direo- 
tioDy  where  they  could  be  made  to  throw  some  clear  light  on  the 
nature  and  sequence  of  glacial  events*.  As  no  attempt  has  hitherto 
been  made  to  treat  the  subject  of  erratics  as  a  distinct  branch  of 
science,  and  as  most  readers  mi^t  probably  expect  to  find  in  a  paper 
on  the  subject  little  more  than  an  inventory  of  facts,  it  may  be  well 
to  begin  with  a  few  remarks  and  definitions  calculated  to  excite  a 
scientific  interest  in  the  subsequent  detailed  statements.] 

1.  Importance  of  Boulders  as  a  Key  to  the  Interpretation  of  Glacial 
Events — Belative  Claims  of  Land-ice  and  Floating  ice. — Notwith- 
standing that  very  few  writers  on  the  Glacial  period  have  paid  much 
attention  to  boulders  (one  distinguished  glacialist  told  me  that  he 
purposely  avoided  them),  I  think  it  can  be  shown  that  in  an  area 
such  as  that  extending  from  the  south  coast  of  Scotland  to  the  west- 
midland  counties,  the  positions  and  directions  of  dispersion  of  various 
kinds  of  boulders  must  be  capable  of  throwing  much  light  on  the 
character  and  mode  of  action  of  the  ice  by  which  they  were  trans- 
ported. An  illustration  of  this  may  be  found  in  the  truly  wonderfQl 
concentration  of  granite  blocks  west  and  north  of  Wolverhampton, 

*  In  this  undertaking  I  was  aided  by  the  Goremment-Grant  Committee. 
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the  derivation  of  which  I  traced  many  years  ago.  They  must 
have  heen  carried  hy  a  sheet  of  land-ioe  fifteen  miles  in  hreadth,  or 
by  great  masses  of  floating  ice;  and  the  blocks  must  have  falkn 
where  the  air  or  the  water  was  sufficiently  warm  to  melt  the  ice  so 
as  to  prevent  their  further  transportation ;  for  they  terminate  too 
abraptly,  and  on  too  extensive  a  scale,  to  admit  of  any  other  suppo- 
sition. If  land-ioe,  according  to  the  principles  of  dynamical  science, 
oouid  not  have  moved  170  miles  on  level  or  undulating  ground, 
without  the  slightest  general  fall  in  the  direction  of  the  movement, 
but,  on  the  contrary,  a  very  considerable  rise  towards  the  extremity 
of  its  course,  then  floating  ice  must  have  been  the  transporting  agent 
(see  II.  §  8).  Numerous  other  instances,  showing  the  importance 
of  boulders  as  a  means  of  determining  the  kind  of  ioe-action,  will  be 
described  in  the  sequeL  Boulders  are  likewise  important  as  a  means 
of  correlating  the  Cerent  deposits  of  clay,  gravel,  or  sand  in  which 
they  are  imbedded.  In  this  respect  they  are  often  more  reliable 
than  marine  shells,  because  the  latter  may  have  varied  with  the  ^  sub- 
marine climate  "  of  the  area  over  which  the  invariable  erratics  were 
dispersed.  Marine  shells,  however,  are  very  important  as  indica- 
tions of  changes  of  climate  during  the  accumulation  of  drifts-deposits 
in  vertical  succession,  as  lately  shown  by  Mr.  Shone,  F.G.S.9  of 
Chester,  and  Dr.  Gwyn  Jeffireys,  F.R.8.  (Quart.  Joum.  Geol.  Sec,  for 
May  1878). 

2.  Generalization  of  Facts  not  premature, — It  has  been  sugges|;ed 
that  for  some  time  to  come  observers  of  glacial  phenomena  should 
content  themselves  with  collecting  facts,  and  leave  the  task  of  gene- 
ralization to  some  one  who  at  an  indefinitely  remote  period  may  be 
able  to  collect  the  results  of  numerous  observations,  and  frame  a 
general  theory  of  the  glacial  episode.  It  ought,  however,  to  be  con- 
sidered that  no  authors  can  generalize  facts  so  weU  as  those  who 
have  discovered  or  observed  them,  and  that  the  progress  of  science 
may  be  obstructed,  instead  of  advanced,  by  philosophers  making 
systems  out  of  phenomena  with  which  they  are  not  practically 
acquainted.  A  mere  theorizer  is  apt  to  be  influenced  by  what  may 
be  called  d  priori  likelihood ;  whereas  a  practical  observer  of  glacial 
phenomena  finds  himself  often  reduced  to  the  necessity  of  admitting 
what  he  would  never  have  expected.  This  arises  partly  from  the 
almormal  character  of  the  phenomena  with  which  he  has  to  grapple. 

3.  Identification  ofBoxdden — Tests  and  Countertests. — ^To  find  out 
the  parent  rock  of  a  boulder,  of  course  requires  that  specimens  should 
be  compared ;  but  one  specimen  of  each  is  seldom  sufficient,  and, 
unless  Uie  rock  be  very  i)eculiar  in  composition  and  structure,  it  is 
not  always  safe  to  rely  on  a  number  of  specimens.  Where  the  cha- 
racter of  the  parent  rock  is  varied  and  it  is  possible  to  trace  a 
similar  variety  in  a  single  boulder  or  group  of  boulders,  the  work  of 
identification  becomes  less  hazardous.  In  the  case  of  Criffel  granite 
there  is  a  variety  in  the  rocks  in  situ  which  is  represented  among 
the  boulders  scattered  over  the  plain  on  the  opposite  side  of  the 
Solway  Frith,  and  likewise  prevalent  on  the  beach  north  of  Park- 
gate,  Cheshire.     One  variety  strongly  resembles  Mull  granite  (which 
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at  first  Bight  might  he  mistaken  for  the  granite  of  a  part,  at  least,  of 
Cleopatra's  needle);  hut  on  this  heach,  in  different  houlders  and 
pehUes,  it  can  he  seen  graduating  into  the  typical  Criffel.  The 
Arenig  rocks  in  situ  vary  from  compact  felstone  to  consolidated 
volcanic  ashes;  hut  all  the  gradations  may  he  found  among  the 
houlders  which,  at  different  heights,  have  heen  scattered  east  and 
north-east.  Tracing  houlders  continuously  hack  to  their  sources, 
where  it  can  he  done,  is  the  most  reliahle  means  of  identification. 
It  may  here  he  remarked  that  it  is  hotter  to  give  a  general  or  geolo- 
gical name  to  the  kind  of  rock  of  which  a  houlder  consists  than  a  very 
precise  mineralogical  name,  hecause  many  single  houlders  are  large 
enough  to  emhrace  more  or  less  variety  in  their  structure  and  compo- 
sition. The  appearance  of  the  weathered  surface  is  often  almost 
sufficient  to  identify  a  houlder ;  and  the  shape  and  size  ought  not  to 
he  left  out  of  consideration.  Hie  Arenig-felstone  and  Criffel-granite 
houlders  are  often  very  large,  almost  invariahly  angular  or  suh- 
angular,  and  seldom  glaciated.  The  Eskdale-granite  and  Lake- 
district-felstone  hoidders  vary  in  size ;  hut  they  are  generally  smaller 
than  the  hoidders  just  mentioned,  and  in  most  instances  are  rounded, 
smoothed,  and  more  or  less  glaciated*. 

4.  Intercrossing  of  Courses  of  Boulders, — In  mapping  the  directions 
in  which  houlders  have  heen  dispersed,  no  fact  is  more  clearly  hrought 
out  than  the  intercrossing  of  the  courses,  not  only  of  local  with  great 
houlder-dispersions,  hut  of  the  latter  with  each  other.  For  instance, 
the  Eskdale  granite  which  went  to  Burton  (Shropshire),  must  have 
crossed  the  course  of  the  stream  of  Criffel  granite  which  went  to  the 
west  and  north  of  Wolverhampton,  hecause  Eskdale  is  situated  east 
of  Criffel,  and  Burton  west  of  Wolverhampton.  It  is  possihle  that 
on  a  small  scale  this  intercrossing  of  routes  may  have  heen  effected 
contemporaneously  hy  upper  and  under  houlder-hearing  currents; 
hut  it  is  not  likely  that  the  ahove  two  large  dispersions  should  have 
forced  their  way  across  each  other  without  heing  either  hroken  up 
or  commingled  to  a  very  much  greater  extent  than  is  actually  the 
case  in  their  terminal  concentrations.  As  we  have  reason  to  helieve 
(see  §  5,  7)  that  houlder-laden  currents  would  change  their  courses 
with  the  rising  and  falling  of  the  sea-hed,  as  well  as  with  changes 
of  temperature,  it  seems  most  likely  that  the  crossing  of  the  courses 
of  great  houlder-dispersions  occurred  at  different  periods.  The  great 
Arenig  stream  of  boulders  woidd  appear  to  have  crossed  the  previous 
route  of  the  Burton  dispersion  after  the  land  had  hecome  much  more 
deeply  submerged  (see  IV.  §  3). 

5.  Conterminous  Chanite  and  Felstone  Dispersions — Effects  of  local 
Obstructions, — Grranite  and  felstone  from  the  Lake-district  and  granite 
from  Criffel  may  all  three  have  been  transported  at  different  times. 
In  that  case  nothing  hut  persistent  (for  the  required  time)  local  ob- 
structions could  have  caused  their  frontal  boundaries  to  coincide ; 
and  these  obstructions  may  have  consisted  of  suddenly  rising  ground, 

*  I  mar  here  mention  that  I  have  nowhere  found  a  greater  amount  of  agree- 
ment in  the  direction  of  the  longer  axes  of  latge  boulders  than  might  reasonably 
be  rderred  to  ohance. 
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or  suddenly  increaBing  temperature,  or  both;  and  land-ice  as  wdl 
as  floating  ioe  would  be  vulnerable  to  both  these  kinds  of  ob- 
structions. Rising  ground  would  furnish  the  most  permanent  and 
fixed  obstruction  to  the  transportation  of  boulders;  but  in  those 
places  where  the  frontal  termination  of  boulder  dispersions  is  not 
coincident  with  rising  ground,  contermineity  of  granite  and  felstone 
dispersions  could  only  have  resulted  from  dose  proximity  to  a  per- 
sistent current  of  water  (or  air?)  sufficiently  warm  to  melt  the 
boulder-laden  ice.  In  this  way  the  sharply  defined  frontal  boundary 
of  the  Crifiel-granite  and  Lake-district-felstone  boulders  at  Bush- 
bury  (near  Wolverhampton)  may  have  been  made  to  coincide ;  for 
there  the  rise  in  the  ground  is  not  sufficient  to  have  famished  an 
obstruction  (considering  the  height  of  the  ground  the  boulders  must 
previously  have  surmounted).  Neither  is  the  rising  ground  between 
Wolverhampton  and  Bridgenorth  sufficiently  continuous  to  have  ob- 
structed the  further  transportation  of  boidders.  A  warm  current 
in  front,  however,  would  not  cause  lateral  contermineity ;  and  we 
accordingly  find  that  the  Bushbury  granite  and  felstone  boulders 
are  not  laterally  conterminous.  As  r^fards  the  granite  and  felstone 
of  the  Lake-district,  their  proximity  to  each  other  in  situ  renders  it 
likely  that  in  many  instances  they  may  have  been  launched  at  the  same 
time  and  kept  company  until  they  encountered  one  of  the  local 
obstructions  already  noticed,  in  which  case  they  may  have  been 
conterminously  precipitated  both  frontally  and  laterally,  as  in  the 
case  of  the  Burton  concentration  (see  III.  §  7). 

6.  Ovenhot  Boulder^loads, — So  far  as  has  yet  been  discovered, 
there  would  appear  to  be  different  bouldeivgroups,  like  fallen  loads, 
which  occur  along  the  same  lines  of  dispersion  too  regularly  to  admit 
of  the  supposition  that  one  deviated  from  its  straight-cmward  course 
so  as  to  come  in  front  of  or  behind  another.  In  these  cases  it  may 
be  allowable  to  suppose  that  one  of  the  boulder-loads  came  to  rest 
before  the  other  pi^ised  over  its  site,  and  was  precipitated  a  greater 
or  less  distance  in  advance  of  it,  so  as  to  prevent  a  commingling  of 
the  two  boulder-loads.  These  may  be  called  overshot  boulder-liMids ; 
but  the  term  may  likewise  be  applied  to  loads  which  have  passed 
over  the  sites  of  previously  precipitated  loads  obliquely,  and  not 
along  the  same  lines  of  dispersion.  Of  both  these  kinds  of  loads 
instances  will  be  noticed  in  the  sequel.  Some  of  them  are  large 
enough  to  bo  called  intermediate  concentrations. 

7.  Changes  in  the  Positions  of  Boulder-laden  Currents  aceompanying 
Changes  in  Surface-level  and  Temperature. — It  seems  very  obvious 
that  currents  must  have  changed  their  positions,  and  (with  the  ex- 
ception of  a  general  southerly  trend  in  the  northern  drift-area)  their 
directions,  as  the  land  sank  and  rose ;  and  (as  a  consequence)  the 
depth  of  the  sea  varied.  This  must  likewise  have  been  the  case  as 
the  temperature  of  the  water  changed,  not  only  in  particular  spots, 
but  over  the  whole  of  the  boulder-strewn  area.  Facts  mentioned  in 
the  sequel  would  seem  to  show  that  during  the  first  stages  of  the 
submergence  the  cold,  and  consequent  extent  of  floating  ice,  increased 
southwards,  and  that  during  the  last  stages  (while  the  land  was 


Digitized  by 


Google 


Xil£  WS8I  OF  BNQLAKD  AND  EAST  OF  WALES.  429 

rising)  the  cold  and  ice  decreased  northwards.  This  accords  with 
the  fact  that  many  of  the  boulders  which  must  have  gone  over 
great  heights  are  found  far  south,  and  likewise  with  the  fact  that 
the  boulders  in  the  latest  of  the  deposits  left  by  the  great  submer- 
gence gradually  die  ojut  until  they  disappear  in  the  low-level  sands  of 
the  Cheshire  and  Lancashire  plain.  It  is  probable  that  the  maximum 
of  cold  (during  the  submergence)  was  not  reached  until  the  land 
had  sunk  to  a  considerable  depth.  It  must  have  taken  much  thick 
ice  to  transport  the  myriads  of  large  granite  blocks  found  as  far 
south  as  Wolverhampton — blocks  which  could  not  have  reached  their 
destination  without  a  submergence  of  at  least  from  600  to  660  feet. 
It  must  have  taken  still  thicker  ice  to  have  transported  the  larger 
Arenig  boulders  now  found  around  the  Clent  and  lickey  hiUs, 
boulders  which  could  not  have  cleared  the  Welsh  mountains  under  a 
less  submergence  than  1000  feet,  at  a  time  when  the  "  cold  wall  ^ 
had  been  pushed  to  its  extreme  southerly  position.  This  low  tem- 
perature may  possibly  have  continued  until  the  submergence  had 
reached  about  1400  feet,  the  reason  for  this  suggestion  being  that 
the  shells  found  on  the  summit  of  Moel-y-Tryfaen  (near  Caernarvon) 
indicate  a  colder  climate  than  any  shells  found  at  a  lower  level  in 
the  western  part  of  South  Britain  (see  Mr.  Shone's  paper,  Quart. 
Joum.  Geol.  Soc.  for  May  1878,  p.  393)  ♦.  I  do  not,  however,  wish 
to  attach  too  much  value  to  this  suggestion. 

8.  Causes  of  Badiating  or  Fanrshaped  Boulder-dispersions, — All 
the  great  boulder-dispersions,  and  some  of  the  smaller  ones,  are  more 
or  \i^^  fan-shaped ;  in  other  words,  they  have  radiated  from  an  area 
much  narrower  than  their  terminal  breadth.  This  radiation  has 
occurred  not  only  where  the  parent  area  is  backed  by  lower  ground, 
but  likewise  where  it  is  backed  by  higher  ground,  and  by  ground 
approximately  on  the  same  level.  The  form  of  the  ground,  there- 
fore, has  had  little  to  do  with  the  radiating  character  of  the  disper- 
sions. The  ground  behind  the  parent  area  is  generally  destitute,  or 
nearly  destitute,  of  boulders  derived  from  that  area.  This  fact  has 
been  advanced  as  a  proof  that  the  distributing  agent  must  have  been 
land-ice,  the  persistent  forward  movement  of  which  prevented  any 
diapersion  in  a  contrary  or  backward  direction.  The  same  effect, 
however,  may  have  been  produced  by  a  persistent  ice-laden  current 
of  water,  or  by  winds  mainly  blowing  from  the  same  point  of  the 
compass,  but  changing  their  directions  within  certain  limits  during 
the  submergence  or  emergence  of  the  land.  It  is  perhaps  worthy  of 
remark,  though  too  much  importance  ought  not  to  be  attached  to 
the  fact,  that  the  direction  of  the  main  part  of  the  Arenig  dispersion 
coincides  with  that  of  the  anti-trade  winds.   The  Shap-fell  granite  t 

♦  The  grmTel-and-eand  (with  boulders)  very  near  the  highest  point  of  Moel- 
y-Tryfaen  has  yielded  the  following  Arctic  and  Scandinavian  Bhells,  which  have 
not  yet  been  found  at  a  lower  leyel  in  the  drifts  of  Cheshire,  Lancashire,  Ac. : — 
Astarte  depretsa  (crebricostata) ;  Natica  affinis ;  Trophon  clathratus,  var.  scalari- 
formis,  and  var.  Gunneri. 

t  Having  already,  along  with  other  geologists,  written  on  the  Shap-fell  dis- 
persion, I  SbaM  at  present  only  direct  attention  to  the»  discovery  of  the  terminal 
concentration  (with  a  few  stragglers  further  south)  of  a  stream  of  Shap-fell 


Digitized  by 


Google 


430  D.  KAcmrrosH  ok  the  kbritio  blocks  ov 

has  been  chiefly  dispersed  in  mnch  the  same  directioo,  the  thiokefli 
part  of  both  dispersions  being  in  a  direction  about  £J^.£.  from  tlie 
parent  area.  In  the  case  of  the  Arenig  dispersion  the  gronnd  behind 
the  parent  area  is  lower  than  the  area  itself.  In  the  Shap-fell  dis- 
persion the  reverse  is  the  case ;  in  other  words,  the  average  level  of 
the  gronnd  behind  the  parent  area  is  higher ;  and  this  is  also  the  case 
with  the  Eskdale  area.  The  Criffel  dispersing-area,  like  the  Arenig, 
is  backed  by  lower  ground.  In  all  these  cases  the  ground  in  front 
is  at  the  lowest  level ;  and  this  may  have  had  something  to  do  ^with 
the  direction  of  the  dispersions.  The  central  direction  of  the  first 
stage  of  the  Eskdale  dispersion  is  S.S.W. ;  after  its  reappearance  on 
the  south  and  east  coast  of  the  Irish  sea,  its  central  direction  is 
between  S.  and  S.S.E.  The  central  direction  of  the  first  stage  of 
the  Criffel  dispersion  may  be  under  the  sea,  and  therefore  cannot  be 
ascertained.     Southwards  it  runs  S.S.E. 

9.  Extent  of  Area  etreum  with  northern  Boulders,  and  thefr  general 
Mode  of  Occurrence. — Leaving  the  north,  north-east,  and  east  part  of 
the  Shap-fell  dispersion  and  the  Welsh  part  of  the  Arenig  dispersion 
at  present  out  of  consideration,  the  extreme  length  of  the  great 
northern  drifb-area,  from  the  Solway  Frith  to  the  neighbourhood  of 
Bromsgrove  (Worcestershire),  is  nearly  200  miles,  and  the  extreme 
breadth,  from  the  Forest  Smithy  (between  Buxton  and  Macdesfleld) 
to  Beaumaris*,  about  90  miles.     Were  all  the  boidders  in  this  area 
to  be  disinterred  without  disturbing  their  positions  horizontally,  and 
were  those  which  have  been  *^  massacred,"  or  horizontally  displaced, 
to  be  restored,  and  brought  to  their  original  sites,  I  believe  they 
would  show  little  preference  for  any  particular  form  of  ground, 
whether  flat,  low,  elevated,  rising,  or  fidling.     As  they  now  exist 
they  are  often  found  on  elevated  ground ;  but  it  is  probable  that  on 
low  ground  they  are  often  concealed  by  the  upper  Boulder-day 
which  generally  contains  very  few  large  boulders.     They  may  often 
be  seen  at  the  bottoms  of  ravines,  where  they  have  been  exposed  by 
the  brooks  washing  away  the  clay  or  sand  in  which  they  were  im- 
bedded.   They  may  likewise  often  be  seen  accumulated  on  the  up- 
stream side  of  an  eminence  or  pass ;  but  as  regards  the  latter  they 
are  more  frequently  to  be  found  on  the  lee  side,  as  if  their  inertia 
had  carried  them  forward  some  distance  after  grounding.     On  the 
large  scale  the  most  noticeable  fact  connected  with  boulders  is  their 
tendency  to  accumulate  near  to  the  commencement  or  termination 
of  their  courses.     Terminal  concentrations  may  be  readily  explained 
by  supposing  successive  accumulation  behind  (for  the  required  time) 

ffranite  blocks  around  Whasset  and  Milnethorpe,  south  of  Kendal  (GeoL  Uaf. 
for  July  1871).  It  must  hare  oome  from  about  N.  15°  E.,  or,  by  wa^  of  Eoidfd, 
from  Wasdale  Crag,  over  ground  at  least  1300  feet  above  the  present  sea-lereL 
Its  direction  is  a  little  west  of  the  opposite  border  of  the  dispersion,  which  runs 
north  of  Wasdale  Crag,  thus  showing  that  the  dispersion  radiates  oyer  a  little 
more  than  half  a  circle.  This  radiation  is  not  all  continuous,  howerer,  excepting 
in  the  immediate  neighbourhood  of  Wasdale  Crag,  the  Milnethorpe  brandi 
beins  isolated. 

*  I  have  not  had  an  op^rtunity  of  tracing  it  farther  west  than  Beaamarit, 
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a  permanent  obstniction  to  further  transportation.  Initial  eon- 
eerUratians  are  not  so  easily  explained ;  but  the  conjecture  may  bo 
hazarded  that  much  of  the  ice  which  was  able  to  launch  the  boulders 
would  be  incapable  of  carrying  them  beyond  a  small  distance.  It 
may  likewise  be  supposed  tiiat  the  parent  mountain  would  protect 
many  of  the  proTiously  launched  boulders  in  front  of  it  from  being 
carried  away,  by  its  interfering  with  the  straight-onward  course  of 
currents  of  air  or  wat^er  or  (as  some  would  bddeve)  land-ice.  In- 
stances of  such  concentrations,  and  also  of  iniermediaU  coneentratiom 
arising  from  local  obstructions,  will  be  described  in  the  sequeL 
Most  of  the  erratic  small  stones  in  the  northern  part  of  the  boulder- 
atrewn  area  consist  of  *' Silurian  grit"  from  the  Lake-district  and 
south  of  Scotland ;  and  in  the  plain  of  Cheshire  and  Lancashire  they 
are  much  more  frequently  flattened  and  uniformly  grooved  than  any 
stones  of  which  I  can  hear  in  any  part  of  the  world,  not  excepting 
the  neighbourhood  of  the  winter-quarters  of  the  late  Arctic  expe- 
dition*. Among  the  larger  boulders  those  derived  from  felspathio 
rocks  generally  predominate,  excepting  in  the  granite  concentrations. 
Oriflel  and  fiskdale  granite  come  next  in  order  of  frequency ;  and  we 
accordingly  find  that  felstone  and  granite  rocks  in  situ  are  the  most 
liable  to  break  up  into  large  blocks.  In  the  above  boulder-area 
(away  from  the  Lake-district)  I  have  not  seen  a  single  instance  of 
a  perched  block. 

n.  The  QJLEAl  ElBXCUDBBIGHIBHIBB  GbANITB-DISPBBSIOK. 

1.  Boulder'Supplying  Capacity  of  Crxfftl — Initial  Concentration, 
— It  is  probable  that  many  small  Silurian-grit  erratics  were  dis- 
persed from  the  south  of  Scotland ;  but  how  many  it  is  impossible  to 
say,  because  (as  Prof.  Bamsay  tells  us)  they  are  often  quite  undis- 
tinguishable  from  Lake-district  Silurian  grits.  The  exposures  of 
compact  felstone  are  so  limited  on  the  south  coast  of  Scotland  as  to 
render  it  improbable  that  many  of  the  laige  felstone  blocks  of  the 
northern  dnfb-area  came  from  that  quarter.  It  must,  however, 
have  sent  off  a  considerable  number  of  large  blocks  of  metamorphio 
rocks  and  a  few  of  Silurian  grit  and  slate,  as  they  may  be  found 
scattered  as  far  south  as  the  terminal  concentration  west  and  north 
of  Wolverhampton.  The  granite-dispersiDg  capacity  of  Kirkcud- 
brightshire must  have  been  very  great.  There  are  three  granite 
masses  many  miles  in  diameter,  but  Crifiel  mountain  and  the  neigh- 
bourhood would  appear  to  have  sent  off  the  great  majority  of  the 
boulders.  Many  parts  of  the  mountain  are  now  covered  with  loose 
granite  blocks,  and  the  configuration  of  the  ground  may  have  ad- 
mitted of  small  glaciers,  on  the  sides  of  which  angular  blocks  may 
have  fallen.  Nearly  all  the  Griffel  blocks  (as  already  stated)  are 
angular  or  subangular,  excepting  where  an  approximately  spheroidal 
structure  probably  existed ;  and  they  may  have  been  transported  on 

*  Mr.  De  Bance,  F.G.S.,  who  examined  the  stones  brought  home  by  Oapt 
Feilden,  informs  me  that  they  were  not  so  distinctly  glaciated  as  those  of  the 
Cheshire  and  Lancashire  plain. 

aJ.G.S.  No.  139.  2h 
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the  tops  of  small  icebergs  after  the  sea  became  deep  enough  to  float 
them,  or  they  may  have  escaped  being  roonded  on  the  searshore 
before  being  launched  by  floating  coast-ice.  I  chiefly  obserred  the 
Criffel  boulders  on  the  plain  of  Cumberland  opposite  the  mountain, 
where  they  are  very  numerous,  though  I  was  not  able  to  trace  them 
to  a  greater  height  than  about  400  feet.  Nearly  all  the  different 
kinds  of  granite  found  in  the  mountain  and  about  Dalbeattie  are 
represented  in  the  south-west  part  of  the  plain ;  but  the  large-grained 
granite,  or  granite  with  large  crystals  of  felspar,  from  the  lower  part 
of  the  mountain  greatly  predominates*. 

2.  Dispersion  to  North  Wales, — Kirkcudbrightshire  granite  has 
found  its  way  in  small  quantities  to  North  Wides,  where  it  may  be 
found  along  the  coast  at  intervals  from  Flint  to  Colwyn  Bay,  and 
thence  to  Penmaenmawr  and  the  neighbourhood  of  Beaumaris.  In 
the  eastern  part  of  North  Wales  it  has  seldom  penetrated  far  into 
the  interior,  the  furthest  south  boulderB  of  it  I  have  seen  being 
about  one  mile  south  of  Denbigh,  near  the  Ruthin  road.  In  the 
western  part  of  North  Wales  it  has  gone  as  far  south  as  the  top  of 
Moel-y-Tryfaen,  where  I  found  pebbles  of  it  at  a  height  of  nearly 
1400  feet  above  the  sea.  It  was  accompanied  by  Eskdale  granite ; 
and  in  the  same  drift-gravel  I  found  a  pebble  of  unidentified  red 
granite,  precisely  similar  to  one  I  found  on  the  beach  of  West  Cum- 
berland and  to  another  I  saw  on  the  beach  at  Blackpool. 

3.  Course  of  Dispersion  along  the  west  Border  of  the  Cumberland 
Mountains,  Sfc, — It  is  impossible  to  say  how  much  of  the  Criffel 
dispersion  lies  under  the  Irish  Sea.  On  the  coast  south  of  Work- 
ington it  becomes  very  narrow ;  and  further  south  the  great  road 
from  Whitehaven,  by  way  of  Egremont  to  Ravenglass,  roughly 
describes  its  eastern  boundary.  Near  St.  Bees  it  comes  into  rect- 
angular collision  with  the  exodus  of  fine-grained  syenite  from 
Ennerdale.  About  Drigg  it  crosses  to  some  extent  the  course  of  the 
commencing  Eskdale-granite  dispersion,  and  along  the  coast  becomes 
slightly  intermixed  with  it ;  but  before  reaching  the  mouth  of  the 
estuary  of  the  Duddon,  the  Criffel  boundary  goes  under  the  sea  to 
remain  concealed  t  until  its  reappearance  in  the  neighbourhood  of 
Blackpool,  where  it  is  well  represented  on  the  beach.  From  Black- 
pool south-east  I  have  not  explored  the  boundary,  though  it  probably 
runs  in  the  direction  of  Manchester,  where,  in  the  Peel-Park 
"  bouldery,"  I  saw  one  Criffel  along  with  nineteen  Eskdale  granite 
boulders.     East  of  Manchester,  Criffel  boulders  are  very  scarce, 

*  Criffel  gromte  always  contains  more  or  less  black  mica,  a  charaoteristio  by 
Trhich  it  may  generally  be  distinguiBhed  from  Eskdale  granite ;  but  most  of  Uie 
granite  blocks  of  the  iniiial  concentration  on  the  plain  of  Cumberland  contain 
comparatively  little  black  mica.  The  largest  blocks  I  saw  were  on  the  aeft- 
coast  at  Flimby.  Four  of  them  measured  about  8^  X  7  X  3  feet  Th^  preeented 
a  rudely  linear  structure,  and  one  of  them  contained  a  dark  "  whinstone'' pat^ 
about  two  feet  in  diameter.  Such  patches  are  yerr  characteristic  of  OrifR^ 
granite,  but  not  ezolusiyely  confined  to  it.  Criffel  blocks  have  gone  orer  the 
plain  of  Cumberland  as  far  east  at  least  as  Oilsland,  and  up  the  Talley  of  the 
£den  (in  the  teeth  of  the  Shapfell  dispersion)  further  south  than  Penrith. 

t  Criffel  granite  mi^ht  probably  be  found  among  the  large  granite  bouMert 
of  Walney  island,  which  I  haye  not  seen. 
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4.  Diaperiion  to  Macclesfield  Forest — furthest  east  and  highest 
Boulders. — ^Erom  the  neighbourhood  of  Manchester  the  east  boun- 
dary of  the  Criffel  dispersion  crosses  the  western  slopes  of  tho 
Pennine  hills  to  the  interior  of  the  very  hilly  and  almost  treeless 
region  called  Macclesfield  Forest.  At  Macclesfield  I  took  little 
notioe  of  the  transplanted  boulders,  so  as  to  have  more  time  to 
examine  those  in  situ,  or  nearly  so,  on  the  hUl-sidee  further  east. 
The  larger  boulders  on  or  near  to  the  Buxton  road  are  chiefly  Lake- 
district  felstone  and  Eskdale  granite,  the  smaller  chiefly  Lake-district 
felstone  and  Criflel  granite.  In  front  of  and  around  the  '  Setter 
Dog'  inn  there  are  many  small  Criflel  boulders.  Tho  highest  I 
could  find  was  about  half  a  mile  from  the  *  Setter  Dog,'  on  the  side 
of  the  road  called  Dirty  Gate  or  Chapel  Lane,  which  leads  from  near 
the  *  Setter  Dog'  to  Forest  Chapel.  It  was  associated  with  three 
small  felstone  boulders  close  to  an  unroofed  cowshed,  at  a  height  of 
about  1400  feet  above  the  sea*.  Boulders  had  previously  been 
reported  up  to  this  height  by  ihe  eminent  geologist  Mr.  Binney, 
F.RJ3.,  without,  however,  specifying  Eskdale  or  Criflel  granite. 
The  approximate  identity  in  altitude  between  the  Dirty-Gate  Criffel 
boulder  and  the  Moel-y-Tryf aen  Criflel  pebbles  seems  to  favour  the 
idea  of  the  uniform  emergence  of  the  land  from  the  glacial  sea. 
The  spot  where  the  sea-shells  were  found  by  Prof.  Prestwich  (1200 
feet  above  the  sea)  could  be  looked  down  upon  from  the  site  of  the 
highest  Criffel  boulder ;  but  as  more  or  less  rounded  pebbles  could 
be  seen  all  \he  way  between  the  two,  it  is  possible  that  a  diligent 
search  might  disclose  gravel  with  shells  at  a  higher  level  than 
1200  feet.  From  Macclefield  Forest  the  Criflel  boundary  runs  south 
along  a  line  not  farther  west  than  Stoke-on-Trent  (where,  in  day- 
pits,  I  found  Criffel  predominating  over  Eskdale  granite),  Stafforf, 
and  Bushbury.  Further  east  than  this  line  a  little  Criffel  granite 
might  be  found ;  but  I  have  not  been  able  to  see  any  as  far  east  as 
Lidifield.  Among  the  thousands  of  pebbles  which  have  been  brought 
from  the  neighbourhood  to  pave  the  streets  of  Lichfield  I  could 
detect  no  granite  of  any  kind,  though  a  coarse  kind  of  Carboniferous 
grit,  whicJi  at  first  sight  somewhat  resembled  granite,  might  occa- 
sionally be  seen,  and  I  found  a  pebble  of  a  dark  kind  of  felspathic 
rock  (probably  from  Chamwood  Forest).  In  Stafford  there  are 
several  lai^e  boulders  of  Criffel  granite,  and  in  the  street  pavements 
a  considerable  number  of  Criffel  pebbles.  At  Ashflat  day-pits,  south, 
of  Stafford,  a  few  Criffel  boulders  and  pebbles  may  be  seen. 

5.  Dispersion  over  the  Peninsula  of  iVirral,  Cheshire  Plain,  ^e, — 
farthest  west  and  highest  Boulders. — One  of  the  main  boulder-streams 
from  Criffd  would  appear  to  have  curved  round  the  west  border  of 
tiie  Cumberland  mountains,  and  then  gone  S.S.E.  along  tho  present 

*  The  summit  of  the  eminence  on  the  side  of  Trhich  these  boulders  occur  is 
1671  feet  above  the  C>rdnanoe*datum  plane ;  but  I  could  see  no  trace  of  rounded 
grayel  or  boulders  higher  up  than  about  1400  feet.  On  the  summit  and  decli- 
▼ities  of  Shining  Tor,  about  six  miles  east  of  Macclesfield,  I  could  see  no 
boulders.  This  eminence  is  one  of  the  highest  of  the  Pennine  range,  being  up* 
watds  of  1700  feet. 
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bed  of  the  Irish  Sea  to  the  peninsula  of  Wirral  and  the  south-west 
corner  of  Lancashire  around  liverpooL  In  the  higher  part  of 
Liverpool  Criffel  granite  greatly  preponderates  over  Eskdale,  and  in 
the  back  streets  there  are  many  large  boulders  of  this  granite,  which 
we  have  no  reason  to  suppose  were  brought  from  any  considerable 
distance.  In  the  excavations  for  the  New  North  Docks  numeroua 
large  boulders  of  Scottish  ^'  greenstone  "  were  found.  But  it  is  chiefly 
in  the  peninsula  of  Wirral,  between  the  estuaries  of  the  Dee  and 
Mersey,  that  Cri£fel-granite  boulders  are  found ;  and  there  they  are 
associated,  not  only  with  **  greenstone,"  but  with  numerous  large 
boulders  of  felstone,  felspathic  porphyry,  and  strongly  marked  fel- 
spathio  breccia  (from  the  Lake-district),  which,  for  reasons  already 
stated  (see  I.  §  7),  must  have  been  transported  at  a  separate  period. 
They  may  be  seen  in  every  village  in  the  peninsula ;  but  they  occur 
so  plentifully  between  West  Kirby  and  Parkgate  as  to  suggest  the 
idea  of  an  intermediate  concentration.  They  may  be  best  studied  on 
the  sea-coast  at  Dawpool,  between  the  two  spots  marked  ^  lime- 
kiln "  on  the  one-inch  Ordnance  Map.  There  they  have  been  prin- 
cipally washed  out  of  the  lower  part*  of  the  Lower  Boulder-day, 
which  upward  becomes  less  stony,  until  it  is  surmounted  by  a  nearly 
stoneless  sand,  which  is  capped  with  Upper  Boulder-day.  The  day 
oli£&  present  a  variety  of  details  which  are  calculated  to  bewilder 
the  observer  who  has  not  frequently  studied  them  as  fresh  faces 
are  exposed  by  the  constantly  encroaching  waves.  Both  upper  and 
lower  days  are  undoubtedly  stratified ;  and  though  the  erratic  stones 
(which  in  the  lower  clay  are  generally  angular  or  subangpilar,  and 
in  the  upper  day  more  or  less  rounded)  occur  in  all  positions  in  the 
clay,  relatively  to  their  longer  axb,  they  are  sometimes  grouped  in 
the  same  divisional  plane,  with  their  upper  surfaces  striated  in  the 
same  direction,  in  this  respect  somewhat  resembling  Hugh  Miller's 
*^  striated  pavements."  Further  south  there  are  many  Criffd  boulders, 
especially  about  Neston,  and  they  may  be  seen  predominating  over 
Eskdale  all  the  way  to  Chester.  The  large  boulders  which  may  be 
seen  in  the  poorer  quarters  of  Chester  (where  they  answer  the  pur- 
pose of  seats  for  aged  women  on  summer  evenings)  have  been  col- 
lected from  excavations  made  for  house-sites  &c.,  or  brought  from 
the  neighbourhood,  ever  since  the  time  of  the  Eomans.  Many  of 
the  smdler  stones  with  which  the  courts  and  some  of  the  streets  are 
paved  are  said  to  have  been  brought  by  water  from  the  shores  of 
the  estuary  of  the  Dee.  Among  the  stones,  as  usual,  Silurian  grit 
predominates.  I  once  made  a  survey  of  all  the  large  boulders  I 
could  find,  which  resulted  in  41  Lake-district  felstones,  more  or  less 
porphyritic  and  brecciated ;  Criffel  granite  16 ;  Scottish  **  greenstone" 
9 ;  Eskdale  granite  9 ;  Lake-district  syenite  2 ;  Carboniferous  lime- 

*  ThiB  lower  part  is  &  stratified  loam  (often  qoaanayersally  arranged)  in 
which  the  boulders  and  smaller  stones  are  very  unequally  soatterad,  many  parts 
of  it  being  almost  stoneless.  At  Dawpool  it  is  the  only  representatire  of  the 
Lower  Boulder-clay  which  is  exposed  on  the  sea-coast  near  Bootle,  Cumberland, 
at  Blackpool,  and  in  Oolwyn  Bay,  North  Wales,  where  it  is  underlain  by  a  Uua 
clay  almost  entirely  destitute  of  erratics,  though  full  of  local  stones. 


Digitized  by 


Google 


THB  WEST  07  SHOLAKD  AKD  EAST  07  WAI£8.  435 

stone  2;  Siluriaii  grit  2^80.  But  this  survej  probably  did  not 
include  nearly  all  the  large  bonlders,  though  I  have  no  doubt  of  its 
being  approximately  correct  as  r^ards  the  groat  preponderance  of 
Criffel  over  Eskdale  granite,  and  the  preponderance  of  felspathic 
bonlders  oyer  both.  South  of  Chester,  on  a  line  with  the  great  high- 
way of  boulder-transportation,  Criffel-granite  boulders  become  com- 
paratively rare,  and  this  rarity  (so  feir  as  I  have  seen)  continues  until 
the  great  terminal  concentration  is  reached.  The  partial  exhaustion 
of  the  Criffel  dispersion  south  of  Chester  may  be  explained  by  sup- 
posing that  while  the  sea  continued  shallow  the  rising  ground  of 
the  peninsula  of  Wirral  intercepted  the  boulder-laden  ice,  and  that 
afterwards  as  the  sea  deepened,  the  ice  met  with  few  obstructions 
or  accidents  until  it  reached  the  border  of  the  warm  current  south- 
west and  north  of  Wolverhampton.  West  of  the  river  Dee  a  few 
Criffel-granite  boulders  may  be  found,  the  furthest  west  (a  mere 
straggler)  being  about  a  mile  west  of  Mold.  Several  may  be  seen 
south  of  Caergwrle  and  Wrexham.  I  did  not  see  any  in  Oswestry 
large  gravel-pit,  or  further  west  than  between  Welsh  Frankton  and 
Whittington.  The  Criffel  boundary  then  runs  south  to  the  neigh- 
bourhood of  Cardington,  near  Church  Stretton  (where  I  saw  a  sidaII 
Criffel-granite  boulder);  but  I  have  not  had  time  to  trace  its  precise 
course.  I  have  not  seen  any  Criffel  boulders  at  any  considerable 
height  along  the  western  boundary ;  but,  from  what  I  can  leam 
from  Prof.  Hughes,  it  is  probable  that  they  might  be  found  quite 
700  feet  above  the  sea  between  St.  Asaph  and  Halkin  mountain. 

6.  Dispersion  over  Delamere  and  PeckforUm  HUls. — ^Among  the 
numerous  lai^  boulders  found  about  Helsby,  Frodsham,  Overton, 
and  other  towns  or  villages  on  the  north  and  north-east  sides  of  the 
Delamere  hills,  as  far  south  as  Delamere  church,  a  few  large  Criffel- 
granite  boulders  may  be  seen,  but  Scottish  **  greenstone"  (with  a  few 
receptions  *)  is  absent.  On  the  Feckf orton  hills,  so  far  as  I  could  see 
before  the  late  removal  of  most  of  the  boulders,  Criffel-granite  boulders 
were  likewise  rather  scarce,  though  one  of  moderate  dimensions  may 
still  be  seen  near  the  tower  on  Mr.  Lee's  farm,  about  650  feet  above 
the  sea.  There  is  a  very  large  Criffel  boulder  at  Barrow  (west  of 
the  Delamere  hills)  and  a  considerable  number  at  Tattenhall,  north- 
west of  the  Peckforton  hills,  one  being  6x3x3  feet.  In  Bock- 
Bavage  railway- cutting  (near  Buncom,  north  of  the  Delamere  hills), 
when  first  made,  two  large  Criffel-granite  boulders,  and  one  large 
Scottish-^*  greenstone"  boulder  might  be  seen  at  the  hose  of  the  lower 
day  t  (along  with  Eskdale-granite  boulders).  These  Criffel  granites 
may  possibly  lie  in  the  course  of  the  boulder-stream  which  dropped 
large  blocks  at  Stafford,  Market  Drayton,  and  Bushbury. 

7.  Criffel  Boulders  at  M<vrhet  Drayton,  ^e. — ^Around  Market 
Drayton  the  Upper  Boulder-clay,  which  covers  the  greater  part  of 
Cheshire  like  a  pall,  begins  to  thin  out  south-eastward.     In  a  clay- 

*  One  aboat  3x3x2  feet  may  be  seen  at  the  oomer  of  a  ladies'  boarding- 
eohool  ilk  Overton. 

t  Serend  of  these  boulders  had  evidently  crushed  down  the  Triassio  marl  on 
which  the  Boulder-clay  rested,  as  if  they  had  fallen  from  a  considerable  height. 
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pit  near  the  railway  station  it  is  found,  as  usual,  above  the  middle 
sand.  It  contains  Bunter  pebbles,  felstone,  &c.  The  large  boulders 
disclosed  by  the  plough,  pick,  and  spade  in  the  neighbourhood  would 
appear  to  belong  to  the  base  of  the  sand,  the  Lower  Boulder-day 
having  thinned  out.  In  Market  Drayton  I  saw  a  number  of  very 
large  boulders  of  Cnffel  granite,  their  surfaces,  as  usual,  rough, 
subangular,  or  angular.  They  had  been  brought  from  the  imme- 
diate neighbourhood,  or  found  in  digging  for  house-sites,  &c  I 
could  see  very  little  CrifTel  granite  further  east  than  Market  Drayton, 
though  between  that  place  and  Whitmore  railway-station,  by  way  of 
Ashley,  it  was  not  altogether  absent.  Between  Market  Drayton 
and  the  neighbourhood  of  Albrighton,  Criffd-granite  boulders  occur 
at  intervals ;  but  scarcely  any  are  to  be  seen  between  Crudgington 
railway-station  and  Shrewsbury,  and  very  few  west  of  a  line  drawn 
from  Crudgington  to  Chester. 

8.  Enormous  terminal  Concentration  of  Criffel  Boulders  WJS.  W. 
and  North  of  Wolverhampton — Meeting  of  a  cold  with   a   warm 
Current? — Floating  ice  versus  Land-ice, — These  granite   boulders 
have  often  been  noticed,  but  no  one  attempted  to  work  out  their 
derivation   until  1874,   when,  from  a  previous  familiarity   with 
Criffel  granite  further  north,  I  had  no  difficulty  in  identifying  them. 
They  are  associated  with,  or  rather  overlap,  a  few  large  and  small 
Lake-district  felstones  and  porphyries,  a  very  few  Eskdale  granites 
and  syenites,  and  a  considerable  number  of  Eskdale-granite  pebbles*. 
The  non-granitic  boulders,  which  were  probably  transported  along 
with  them,  consist  of  a  kind  of  "greenstone"  (lighter-coloured  and 
coarser-grained  than  that  found  in  Cheshire),  SUurian  grit,  sand- 
stone, slate,  and  metamorphio  rocks.     I  had  seen  only  one  boulder 
resembling  Arenig  felstone  until  very  lately,  when  I  stumbled  on 
one  10  feet  in  length  and  almost  perfectly  angular.     It  had  been 
found  on  the  surface  of  a  deposit  of  clay,  afterwards  excavated  for 
bricks,  near  the  Wolverhampton  cemetery  f.     On  sending  a  speci- 
men of  it  to  Mr.  Home,  F.G.8.  (of  the  Geological  Survey  of  Scotland), 
he  confirmed  my  opinion  that  it  did  not  come  from  the  south   of 
Scotland;  and  on  afterwards  compaiing  specimens  from  it  with 
Arenig  specimens,  I  came  to  the  conclusion  that  it  was  a  miscarried 
boulder  belonging  to  the  Arenig  overshot  load  which  was  precipitated 
around  the  Clent  and  Lickey  hills.     Its  position  on  the  surface  of 
the  clay  may  have  been  owing  to  its  having  fallen  at  a  later  period 
than  the  Criffel  concentration.    In  the  clay-pit  I  saw  a  "  greenstone" 
similar  to  one  of  the  Criffel  varieties,  a  rounded  Lake-district  fel- 
stone, &c.     The  great  majority  of  the  Criffd-granite  boulders  lie 
between  300  and  GOO  feet  above  the  sea ;  but  they  mostly  occur  in 
positions,  including  the  lee  sides  of  eminences,  which  show  that  the 

•  These  pebbles  hare  been  scattered  some  distance  beyond  the  boundary  of 
the  Criffel  boulders  south  of  Bridgonort-h,  south-east  of  Bushbury,  Ac.,  &  fact 
which  can  be  best  explained  by  supponne  that  the  Eskdale  granite  with  tbe 
Lake-district  felstone  had  been  transported  before  the  Criffel  boulders. 

t  It  had  preyiously  been  seen  and  made  the  subject  of  an  open-air  lecture  br 
the  Rev.  H.  W.  Crosskey  and  friends. 
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sabmeigenoe  must  have  reached  at;  least  from  500  to  650  feet  (as 
already  stated)  before  they  could  have  been  transported.  Most  of 
them  ccmsist  of  a  kind  of  granite  which  must  have  come  from  the 
npper  part  of  Criffel  mountain,  and  some  of  them  may  have  come  from 
other  granite  heights  in  Kirkcudbrightshire.  The  larger  granite 
boulders  may  be  seen  most  thickly  congregated  about  Seisdon,  in 
the  lane  between  Seisdon  and  the  *'  Fox'  inn,  and  north  of  the  '  Fox' 
inn,  where  I  saw  many  which  had  lately  been  dug  out  of  a  loamy 
day.  About  Trescott  they  are  very  abundant,  and  many  may  be 
seen  in  the  lanes  branching  off  north  and  south  from  the  Wolver- 
hampton and  Bridgenorth  road.  They  are  well  represented  in  the 
streets  of  Bridgenorth,  especially  near  the  river,  where  I  saw  no 
other  kind  of  granite,  though  a  little  Eskdale  might  probably  bo 
found.  East  of  Seisdon,  along  the  Wolverhampton  road,  Qriffel 
granite  nearly  disappears  until  the  immediate  neighbourhood  of 
Wolverhampton  is  reached.  Many  large  boulders  of  it  may  be 
found  in  the  poorer  quarters  of  the  town,  especially  in  back  lanes 
and  courts ;  and  numerous  moderate-sized  ones  have  been  dug  out 
of  the  numerous  clay-pits  near  the  Hospital,  Clarkson's  day-pits, 
&c.  North  of  Wolverhampton,  at  Bushbury,  they  are  very  larga 
and  numerous,  especially  around  Moseley  Court,  near  the  church, 
and  on  the  top  of  Bushbury  bill  dose  to  a  large  gravd-pit.  They 
may  be  found  some  distance  north  of  Bushbury,  but  gradually  thin 
out  in  the  direction  of  Stafford.  About  Bushbury  they  are  associated 
with  many  large  Lake-district  felstones,  which  are  not  conterminous 
with  the  granite,  excepting  on  the  east,  where  there  may  have  been 
a  persistent  local  obstruction  (see  I.  §  5).  The  great  mass  of  the 
Criffel  concentration  between  Wolverhampton  and  Bridgenorth  gra- 
dually thins  out  north  towards  Pattington,  though  a  number  of 
large  boulders  may  be  seen  at  least  as  far  north  as  Albrighton. 
The  south  boundary  of  the  concentration  in,  in  most  places,  very 
sharply  defined.  It  extends  from  a  short  distance  south  of  Bridge- 
north  to  Mose,  and  thence  by  Bobbington  to  Swindon  (near  Himley), 
between  which  and  Stourbridge  I  could  not  see  a  single  fragment  of 
granite  or  any  rock  foreign  to  the  district.  Neither  could  I  see  a 
fragment  of  foreign  rock  between  Swindon  and  Dudley.  East  of 
Swindon  the  Criffel  boundary  runs  north-east  towards  the  neigh- 
bourhood of  Wolverhampton,  and  thence  northward  by  Bushbury 
hill.  The  great  Criffel  concentration  is  therefore  somewhat  crescent- 
shaped,  the  convex  side  being  the  S.8.E.,  or  the  side  furthest  from 
the  source  of  the  dispersion.  In  this  respect  it  bears  some  resem- 
blance to  a  terrestrial  glacial  moraine.  Its  length  from  the  neigh- 
bourhood of  Bridgenorth  to  the  neighbourhood  of  Bushbury  may  bo 
roughly  estimated  at  about  fifteen  milos,  and  its  breadth  about  four 
miles.  The  largest  granite  boulders  I  have  seen  in  this  concentration 
are  at  Trescott,  reaching  nearly  5  x  3^  X  3  feet,  and  at  Bushbury, 
reaching  4 J  x  4  X  3  feet ;  but  I  have  been  credibly  informed  that 
they  reach  a  larger  size  near  Seisdon,  and  that  some  very  much 
larger  have  been  buried.  There  must  be  many  thousands  more 
than  3x2x2  feet ;  and  taking  all  sizes  down  to  I  foot  in  average 
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diameter,  and  at  the  Bame  time  making  reasonable  allowance  for 
thoae  that  have  been  **  massacred,"  reinterred,  or  not  yet  disinterred, 
I  think  it  will  follow  that  the  Crifel-granite  boulders  of  this  ter- 
minal concentration  can  only  be  numbered  by  many  thousands.  If 
we  make  allowances  for  flattening  and  striation  through  being 
dragged  by  hOTses*  to  their  present  resting-places,  rery  few  of  the 
boulders  can  be  said  to  be  glaciated.  Their  rough,  subangular,  and 
often  angular  shapes  forbid  the  idea  that  they  were  pushed  forward 
%mder  a  sheet  of  land-ice.  They  could  not  haye  been  transported  on 
the  surface  of  the  ice,  because  no  one  can  suppose  that  an  ice-sheet 
with  its  surface  lower  than  the  part  of  the  mountain  from  which  the 
boulders  must  have  come  could  haye  moyed  as  far  as  Wolverhampton 
(170  miles),  and  during  the  latter  part  of  the  journey  up  bill.  It 
WOUI4  he  contrary  to  what  we  know  of  the  purity  of  the  interior  of 
Antarctic  and  Arctic  ice-walls  and  icebergs  to  suppose  that  so  yast 
an  array  of  boulders  could  haye  been  carried  in  the  middle  of  an 
ice-sheet.  It  may  be  suggested  that  land-ice  might  haye  brought 
the  boulders  on  its  surface  as  far  as  the  peninsula  of  Wirral,  and 
that  they  were  then  transported  by  icebergs  broken  off  from  the  end 
of  the  ice-sheet;  but  wlule  the  peninsula  of  Wirral  furnishes  no 
evidence  of  a  change  in  the  mode  of  transportation,  it  can  be  shown 
(see  YI.  §  1),  from  a  consideration  of  relative  levels,  that  icebergs  could 
not  have  retransported  the  boulders  as  far  as  Wolverhampton. 

9.  Scottish  '^  Greenstone  "  Dispersion. — At  Dawpool,  on  the  coast 
of  the  estuary  of  the  Dee,  the  New  North  Docks,  Liverpool,  and  for 
some  miles  around,  many  very  large  and  small  boulders  of  a  dark- 
coloured  and  often  decomposing  ^'greenstone"  may  be  found.  I 
have  traced  them  as  far  east  as  the  neighbourhood  of  Buncom  and 
Overton,  and  a  little  further  south  than  Chester.  At  the  New  North 
Docks,  Liverpool,  nearly  all  the  large  boulders  found  during  the 
progress  of  the  excavations  were  "  greenstone,"  and  many  of  them 
were  much  flattened  and  grooved.  Por  a  long  time  I  could  not  trace 
them  to  their  parent  rocks,  having  failed  to  see  them  on  the  flrst 
stage  of  their  journey  in  any  part  of  the  Lake-district  I  haye 
lately  been  led  by  Dr.  James  Geike  and  Mr.  Home  (of  the  Geological 
Survey  of  Scotland)  to  believe  that  they  came  from  Kirkcudbright- 
shire or  Wigton  shire.  Some  boulders  of  a  rather  different  kind  of 
rock  (to  which  the  term  "greenstone"  would  formerly  have  been 
applied)  are  to  be  found  associated  with  the  Criffel-granite  boulders 
around  Wolverhampton  f. 

*  One  boulder  in  the  late  Mr.  Mander*8  boaldery,  Tettenhall,  required  fifteeo 
horses  to  drag  it  from  Trescott 

t  Professor  Bonney  has  faroured  me  with  the  following  remarks  on  a  chip 
fh>m  one  of  the  **  ffreenstone"  boulders  on  the  Dawpool  ooast : — **  This  slide 
is  composed  of  triolinic  felspar,  augite,  olivine,  and  grains  of  iron  peroxide, 
probably  magnetite.  There  are  also  a  few  small  scales  of  brown  mica,  and  a 
nttle  of  some  seolite.  The  felspar  crystals  are  in  very  fair  presenration,  and 
rather  smaller,  as  a  rule,  than  those  of  the  augite  and  olmne,  which  two 
together  make  up  quite  two  tliirds  of  the  slide,  and  are  not  at  all  decomposed. 
There  is  no  trace  of  a  glassy  residuum.  The  rock  is  therefore  a  rather  finely 
crystalline  dolerite  (anamesite  of  many  authors).    It  is  obnously  hasazdooa  to 
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HL  The  oreat  Cumberland  Gbaititb-  aito  Felbtohe-dispsbsiov. 

1,  BouicUr-supplying  capacity  of  the  Lake^istrict — Oommenccment 
of  the  Dispersion, — Boulders  of  felspathic  rocks  varying  from  coarse 
breccia,  tuff,  or  ashes  to  compact  fektone  may  have  gone  south  from 
almost  any  part  of  the  Lake-district  situated  between  Wasdale  Crag 
(Shapfell)  and  the  western  boundary  of  the  Cumberland  mountains. 
Though  numerous  boulders  have  gone  south  from  the  eastern  or 
^Westmoreland  part  of  this  area,  I  do  not  think  that  many  of  them 
(east  of  the  river  Leven)  have  ifound  their  way  far  enough  south- 
west to  become  incorporated  with  the  great  Cumberland  and  Kirkcud- 
brightshire dispersions.  Many  boulders  of  felspathic  rocks,  more  or 
less  accompanied  by  fine-grained  syenite,  must  have  gone  south  from 
the  heights  around  Wastwater  and  Ennerdale.  Initial  concentrations 
of  them  may  be  seen  near  Gosforth  and  Brigg.  Lake-district-felstone 
boulders  have  been  more  generally  and  numerously  distributed  than 
the  granite  boulders,  though  they  never  occur  alone  in  the  form  of 
great  terminal  concentrations.  In  the  Eskdale-granite  area  there 
are  now  many  loose  blocks  so  situated  that  were  it  again  to  become 
submerged  beneath  an  icy  sea,  they  would  probably  follow  the  ex- 
ample of  their  erratic  predecessors.  Though  this  area  is  much 
smaller  than  the  Criffel  area,  the  ground  is  much  more  broken  and 
varied,  so  as  to  furnish  a  greater  number  (in  proportion  to  its  size)  of 
transportable  blocks,  Mr.  Aveline  (of  the  Geological  Survey)  informs 
me  that  very  little  of  the  Eskdale-granite  area  rises  above  800  feet ; 
and  this  confirms  the  idea  (already  broached)  that  the  main  part  of 
the  Eskdale  dispersion  took  place  before  the  land  had  become  deeply 
submerged,  and  probably  before  the  setting  in  of  the  great  southerly 
extension  of  the  Criffel  dispersion.  Some  parts  of  the  Eskdale- 
granite  area,  however,  exceed  800  feet — ^for  instance,  near  Devoke 
"Water,  1049  feet,  and  south  of  the  south-west  end  of  Wastwater 
8cree8  escarpment,  1286  feet.  The  latter  altitude  is  rather  more 
than  that  of  the  highest  Eskdale-granite  boulder  I  have  yet  seen, 
but  not  BO  high  by  about  100  feet  as  the  Eskdale  pebbles  in  gravel 
near  the  summit  of  Moel-y-Tryfaen.  All  roun  d  the  mouth  of  Eskdale, 
and  south  in  the  direction  of  Bootle,  the  granite  blocks  are  thickly 
congregated,  and  a  number  of  large  ones  may  be  found  on  the  west 
side  of  Blackcombe  Mountain,  nearly  1000  feet  above  the  sea,  which 
may  have  gone  from  Rough  Crag,  north  of  Devoke  Water  (?).  The 
boundary  of  the  commencement  of  the  dispersion  runs  along  a  line 
drawn  from  near  Irton  to  a  little  west  of  Brigg.  Between  this  line 
and  the  east  boundary,  which  runs  along  the  west  side  of  Blackcombe, 
the  dispersion  radiates  until  it  is  lost  under  the  sea*. 

8.  Dispersion  to  North  Wales, — Boulders  and  pebbles  of  Eskdale 

conjecture,  from  miorosoopio  examiuation  only,  the  eeologio  age  of  an  igneous 
rook ;  but  on  the  whole  it  seeniB  to  me  not  improbable  that  this  specimen  may 
be  of  Miooene  age.  I  am  not  sure  how  far  south  these  rocfs  haTS  been 
traoed  along  the  west  coast  of  Scotland." 

♦  Eskdale  granite  has  generally  white  or  |>ale  pink  felspar,  Tory  watery- 
looking  quartz,  and  little  or  no  black  sbiiiinff  mica,  though  silvery  mica  is  some- 
times present.   It  is  often  tinged  of  a  reddish  hue.   Most  of  it  is  coarse-grained. 
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granite  and  Lake-diBtrict  feUtone  accompany  Criffel  granite  along 
the  north  coast  of  Wales,  from  Flint  to  Anglesey,  lliey  are  most 
numerous  on  Halkin  Mountain,  near  Hhos  (Colwyn  Bay),  Llanfair- 
fechan,  Bangor,  and  Beaumaris.  They  have  found  their  way  into 
the  interior  as  far,  at  least,  as  the  neighbourhood  of  Cefn  Cave  (near 
St.  Asaph)  and  Moel-y-Tryfaen. 

3.  North-east  and  east  boundary  of  Dispersion — Identification  of 
Blackpool  Boulders — highest  Boulders  in  Macclesfield  Forest. — South 
of  the  initial  concentration,  near  Silecroft,  the  east  boundary  of  the 
granite  suddenly  bends  round  and  runs  up  Whicham  valley  for  some 
distance,  as  if  the  boulder-laden  ice  had  been  blown  aside  by  wind. 
After  crossing  the  south-west  end  of  Millom  hill,  it  runs  north-east 
up  the  Duddon  yalley,  crosses  the  estuary,  and  then  nins  south-east 
by  Great  Urswick  to  the  sea.  It  reappears  on  the  east  coast  of  the 
Irish  Sea  some  distance  north  of  Blackpool.  On  Blackpool  beach 
many  boulders  hayo  been  washed  out  of  the  Lower  Boulder-day. 
Eskdale  granite  predominates  over  Criffel,  and  is  accompanied  by 
large  boulders  of  Lake-district  fehtone  and  Mountain  Limestone,  the 
latter  from  the  neighbourhood  of  Garnforth,  Burton  in  Kendal,  d:c.  * 
From  the  north  of  Blackpool  the  boundary  runs  by  Longridge  to 
Kochdale,  over  the  western  spurs  of  the  Pennine  hiUs,  on  which 
Mr.  Aitken,  F.G.S.,  has  found  boulders  of  pink  (Eskdale)  granite  at 
a  height  of  1100  feet,  and  felstone  and  syenite  at  greater  heights. 
From  Kochdale  it  runs  south-east  to  Swineshaw  valley  (near  Staley- 
bridge),  where  it  turns  off  at  right  angles  to  its  general  course, 
and  goes  up  the  valley  to  an  altitude  of  at  least  900  feet.  From 
Swineshaw  valley  it  runs  south  into  the  heart  of  the  western  division 
of  the  Pennine  hills.  The  furthest  east  boulder  I  could  find  was 
close  to  Macclesfield-Forest  smithy,  which  is  about  fiYC  miles  east  of 
Macclesfield  town.  It  was  a  Lake-district  felstone  about  3  feet  in 
length,  and  probably  about  1300  feet  above  the  sea.  Further  west, 
on  the  south  side  of  the  Macclesfield  road,  I  found  a  similar  fclstouo 
boulder  about  3|  x  2|  x  1^  foot.  Many  largo  felstone  and  Eskdale 
boulders  may  be  seen  along  or  near  to  the  road  around  the  '  Setter 
Dog '  inn,  and  between  it  and  Macclesfield.  The  highest  Eskdale- 
granite  boulder  I  could  find  was  a  short  distance  east  of  the  '  Sett<>r 
Dog,'  at  a  height  of  about  1200  feet  above  the  sea,  or  very  nearly  as 
high  as  its  greatest  height  in  the  Lake-district.  Among  the  larger 
granite  boulders  Eskdale  predominates,  among  the  smaller  Criffel. 
Besides  the  felstones  (which  are  often  porphyritic)  and  granitcH, 
syenite  and  a  kind  of  rock  apparently  about  midway  between 
syenite  and  greenstone  may  often  be  seen  in  the  neighbourhood  of 
Macclesfield  f.  South  of  Macclesfield  Forest  the  boundary  of  the 
Eskdale  granite  and  Lake-district  felstone  runs  at  least  as  far  east 
as  Harecaatle  (where  I  saw  a  verj'  large  Eskdale-granite  boulder 
immediately  behind  the  police-station) ;  Etruria,  west  of  which,  in 

*  They  may  be  imced  on  their  way  S.S.W.  at  Morecambe,  near  Lancaster. 

t  Mr.  Saintor,  F.G.S.,  in  his  'Rambles  round  Macclesfield/  mentions  a 
boulder  of  porphyritic  f  ebtone,  now  in  Macclesfield  Park,  which  is  about  6  feet 
in  ayerage  diameter. 
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Bdsford  village,  I  saw  a  newly  disinterred  Eskdale  boulder  4  x  2|  x  2 
feet;  Stoke-on-Trent,  where  Eskdale  granite  may  be  found  iu  the  clay- 
pits  ;  and  thence  to  the  neighbourhood  of  Stafford.  In  Ashflat  day- 
pits,  south  of  Stafford,  Eskdale  predominates  over  Griffel  granite. 
From  Stafford  the  main  boundary  runs  south  to  Bushbury;  but 
granite  pebbles  have  found  their  way  further  east,  though  none  as 
far  as  Lichfield.  About  Bushbury  there  are  many  large  felstone 
boulders ;  one,  3|  x  3  x  3  feet,  is  much  glaciated :  there  are  like- 
wise seyeral  large  Eskdale-granite  boulders. 

4.  Dispersion  over  the  Peninsula  of  Wirral^  Delamerey  and  Peck- 
forUm  Hills^  Cheshire  Plain^  i^e, — ^The  largest  boulders  in  Wirral 
consist  of  Lake-district  felstone*  and  felspathic  breccia.  Eskdale- 
granite  boulders  are  not  uncommon ;  and  most  of  the  small  granite 
pebbles  are  Eskdale.  South  of  Chester,  about  Famdon  &c.,  most  of 
the  granite  boulders  are  Eskdale.  From  the  neighbourhood  of 
Runcorn,  south  by  Frodsham,  Overton,  Helsby,  and  on  the  slopes 
of  the  ridge  called  Delamere  Forest,  Lake-district- felstone  and 
Eskdale-granite  boulders  are  numerous  and  often  very  large.  On 
the  east  side  of  Overton  hill  there  is  a  felstone  5  x  4  x  1^  foot,  and 
an  Eskdale-granite  4x3x2  feet.  In  Frodsham,  Helsby,  and  the 
neighbourhood  I  saw  many  Eskdales  from  3  to  4  feet  in  length. 
Lai^e  Eskdale  and  felstone  boulders  may  likewise  be  seen  around 
Delamere  church  and  Eddisbury  hill.  Mr.  Straban  (of  the  Geolo- 
gical Survey)  lately  found  a  boulder  of  felspathic  breccia  near 
Eddisbury  hill  about  10  feet  long,  which  I  missed  seeing  f.  On 
the  PeckSforton  range  of  hills,  between  Lower  Burward^ey  and 
Pockforton  Point,  a  number  of  Eskdale-granite  and  Lake-district- 
felstone  boulders  may  be  seen.  On  the  west  side  of  Buckley  hill, 
one  of  the  Peckforton  range,  the  boulders  reach  nearly  700  feet 
above  the  sea.  Further  south,  on  Mr.  Lee's  (formerly  Mr.  Gerrard's) 
farm,  there  were,  some  years  ago,  many  large  boulders,  chiefly  Esk- 
dale-granite, but  nearly  all  of  them  were  lately  sold  for  "rockery  ** 
and  removed  down  hill.  In  Fuller's  Moor  village,  at  a  much  lower 
level,  I  counted  seventeen  boulders,  most  of  them  very  large  and 
consisting  of  Eskdale  granite.  They  were  not  in  their  original 
position ;  but  their  size  must  have  prevented  artificial  transportation 
from  any  considerable  distance,  especially  in  a  district  where  native 
boulders  are  far  from  being  scarce. 

5.  Felstone  Boulders  of  Ashley  Heath  ^'c, — A  zone  running  S.S.E. 
from  the  Mersey  over  the  Delamere  hills  (on  or  around  which  the 
largest  Lake-district  felstones  are  found)  along  the  general  course  of 
the  miscellaneous  boulder-dispersions  would  pass  over  the  area 
between  Market  Drayton  and  Ashley  village.     As  already  stated, 

♦  About  Barrow  (east  of  Chester)  and  the  neighbouring  villages  large  Eskdale- 
granite  boulders  may  be  seen. 

t  On  the  beach  at  Dawpool,  north  of  Parkgate,  at  low  water,  several  rery 
larro  Lake-district-felstone  boulders  may  be  seen,  one  6x4x4  feet.  Aesociated 
wi&  thera  there  is  a  bould«r  6^  X  5  X  4i  feet,  which  is  somewhat  Arenig-looking ; 
but  there  is  a  difficulty  in  understanding  how  Arenig  boulders  could  naTe  been 
transported  so  as  to  occupy  so  low  a  position  in  the  lower  day  as  that  to  which 
this  boulder  probably  belongs. 
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the  Urge  Criffel  boulders  of  Market  Drayton  are  accompanied  bj 
large  Lake-distriot  felstones,  which  are  probably  the  prodnct  of  a 

Sreviona  dispersion.  Between  Market  Drayton  and  Ashley  Tillage 
irge  felstone  boulders  are  nnmerous.  Opposite  a  cottage  caUed  the 
Bed  Bull  (on  the  Ordnance  Map)  the  exposed  part  of  a  j^rtly  blasted 
and  partly  buried  felstone  boulder  measures  7  x  3^  feet.  Around 
the  little-known  eminence  called  Ashley  Heath  (which  is  the  highest 
ground  between  the  Pennine  and  Welsh  hills  north  of  the  Wrekin) 
there  are  many  felstone  boulders,  and  on  the  summit  of  the  eminence 
a  boulder,  probably  the  same  as  that  noticed  many  years  ago  by  Mr. 
Charles  Darwin,  may  be  seen.  Only  4x3x1  foot  of  it  is  aboTe 
ground.  It  is  apparently  a  syenitic  kind  of  greenstone.  After  much 
searching  I  sncoeeded  in  finding  it  with  the  intelligent  assistance 
of  Miss  Taylor,  of  Westfield  House,  Its  height  above  the  sea 
is  about  4  feet  below  that  of  the  top  of  Ashley  Heath,  which  is 
774  feet  above  the  sea.  The  Ashley  felstone  boulders  probably  lie 
in  the  same  line  of  dispersion  with  those  around  Boshbury  viUage. 
At  Ashley  they  are  accidentally  accompanied  by  a  few,  and  at  Bush- 
bury  by  many  Criffel^anite  boulders  probably  belonging  to  a  later 
dispersion. 

6.  FMrihest  west  and  highest  Boulders, — ^West  of  the  lower  course 
of  the  river  Dee,  Eskdale  greatly  predominates  over  Criffel  granite. 
It  reaches  its  greatest  height  (so  far  as  I  have  noticed)  where  it 
extends  fdrthest  west — that  is,  on  Halkin  Mountain,  Elintshiro, 
where  numerous  pebbles  of  it  may  be  found  quite  900  feet  above 
the  sea.  Its  western  boundary  runs  south  by  Caergwrle,  a  short 
distance  west  of  Wrexham  and  Ruabon,  to  Oswestry,  where,  in  a 
very  large  gravel>pit,  it  is  well  represented.  From  Oswestry  it  runs 
to  Church  Stretton  along  a  line  I  have  not  worked  out.  The  g^nite 
is  accompanied  by  Lake-district  felstone.  Large  boulders  of  both  the 
granite  and  felstone  may  be  found  at  Ellesmere,  Whitchurch,  Wem, 
Shrewsbury*,  on  the  eastern  slope  of  Haughmond  hill,  at  Admaston, 
near  Wellington,  &c.t 

7.  Xemarkable  isolated  load  of  EskdaU-Oranite  and  Lahe^istric^ 
Felstone  Boulders  around  Burton^  Shropshire. — ^The  boulder-stream 
which  suddenly  terminated  in  this  abruptly-bounded  concentration 
probably  went  south  by  the  neighbourhood  of  Shrewsbury.  It  differs 
from  the  great  Criffel  terminal  concentration  in  its  terminating 
suddenly  on  its  np-stream  as  well  as  lee  side.  The  area  covered  by 
large  boulders  is  about  one  mile  and  a  half  in  length  and  one  mile 
in  breadth.  The  smaller  detritus  extends  a  short  distance  beyond 
on  the  lee  or  south  side.  The  large  boulders  are  most  numerous  in 
and  around  Burton  village,  where  the  fehtones  reach  4x3x1^  foot, 
and  the  granites  3^  x  2  x  2  feet ;  but  they  are  likewise  numerous 
along  the  road-side  leading  up  to  the  gravel-pit  near  the  summit  of 

*  In  Shrewsbury,  as  usual,  they  are  chiefly  found  in  the  back  streets  and 
courts  or  in  the  outskirts. 

t  The  southerly  course  of  the  northern  boulders  has  been  extensiTely  croswd 
in  a  south-easterly  direction  by  boulders  from  the  eastern  border  of  the  WeUi 
mountains.    At  Bllesmere,  for  instance,  most  of  the  boulders  are  Welsh. 
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the  hill,  which  Mr.  Maw*,  F.G.S.,  tells  me  is  800  feet  aboye  the 
sea-leveL  Here  the  gravel,  which  is  unstratified,  is  probably  on  the 
horizon  of  the  Lower  Boulder-claj  of  Cheshire  and  Lancashire. 
Nnmeroos  rounded  pebbles  of  Eskdale  granite  are  found  along  with 
Lake-<li8trict  felstone  in  the  gravel-pit,  and  many  large  boulders 
have  been  dug  out  of  itf.  A  very  few  Criffel- granite  boulders  are 
mixed  with  the  others  around  Burton;  and  the  reason  why  both 
are  conterminous  would  appear  to  be  the  persistence  (for  a  time)  of 
a  local  obstruction,  probably  consisting  of  the  two  abruptly  nsing 
ridges  of  Ludlow  rocks  (between  which  Burton  village  is  situated), 
at  a  time  when  the  land  had  been  submerged  to  a  depth  of  between 
800  and  900  feet,  in  which  case  the  few  Criffel  boulders  may  have 
arrived  before  or  after  the  Eskdale  precipitation.  There  are  Eskdale- 
granite  stragglers  east  of  Burton,  one  at  Callaughton,  3^  x  2  x  2  feet, 
and  one,  if  not  more,  in  Much  Wenlock.  .  West  of  Burton  I  saw  a 
very  few  stragglers  around  Cardington,  Gretton,  and  Enchmarsh,  and 
one  in  Church  Stretton.  Liquirers  may  be  benefited  by  knowing 
that  around  Burton  boulders  are  called  ''  pimples." 

8.  SupplemmUary  Dispersion  of  EskdaU^  and  Criffd-Qranite 
PMUs  along  the  lower  part  of  the  Severn  Valley. — South  of  Bridge- 
north,  at  least  as  far  as  the  somewhat  elevated  ground  about  Sutton 
(west  of  Hampton-Loade  railway-station),  many  pebbles  of  Eskdale 
and  a  few  of  Cri£fel  granite  may  be  found.  Further  south  they 
gradually  disappear,  excepting  in  the  immediate  neighbourhood  of 
the  river  Severn.  About  Bewdley  they  are  only  to  be  found  in  or 
dose  to  the  river-channel;  and  I  have  reason  to  believe  that  this  is 
the  case  the  whole  way  south  as  far  as  they  extend,  with  a  very  few 
exceptions,  in  which  stragglers  (probably  belonging  to  the  great 
Criffel  boulder-dispersion)  may  have  been  carried  by  floating  ice. 
An  instance  of  this  occurs  on  the  summit  of  a  knoU,  150  feet  above 
the  Severn,  at  Apperley  Court  (about  halfway  between  Tewkesbury 
and  Gloucester),  where,  in  a  "  rockery ,**  there  are  several  smaU 
boulders  which  were  found  close  by,  and  which,  after  many  attempta 
at  identification,  I  believe  may  be  South-Scottish  granite.  If  so, 
they  must  have  been  transported  about  220  miles  :(•  ^^^  ^^^  ^^^ 
and  possibly  a  few  other  exceptions,  the  granite  pebbles  south  of 
Bewdley  are  confined  to  low  levels  bordering  the  channel  of  the 
river.  They  may  have  been  transported  by  the  river  during  shallow 
estuarine  conditions  after  floating  ice  had  entirely,  or  almost  entirely, 
disappeared;  or  the  transportation  may  have  occurred  during  a 
southerly  extension  of  the  Upper  Boulder-clay  submergence  through 
the  Ironbridge  gap.  During  my  rambles  with  the  Eev.  W.  S. 
Symonds  (whose  kindness  it  would  be  difficult  for  me  to  repay)  I 

*  Mr.  Maw  first  diBCOTered  thii  groap  of  boulders,  but  did  not  specify  the 
kinds  of  granite. 

t  Between  the  gmrel-pit  and  the  village  I  saw  a  part  of  a  boulder  of  felspa- 
thio  breccia  4  X2i  X 1  foot,  the  rest  of  which  had  bisen  blasted.  I  was  unable 
to  identify  a  few  of  the  more  or  less  felspathio  boulders,  but  none  of  them  were 
of  the  Arenig  type. 

X  My  attention  was  directed  to  those  boulders  by  the  Bev.  W.  S.  Symonds. 
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found  two  very  decided  Eskdale-granite  pebbles  in  front  of  Hasfield 
Court,  in  fine  gravel  wbich  had  been  taken  firom  a  low  level  in  the 
neighbonriK)od.  In  the  streets  of  Bewdley  (and  perhaps  oth^ 
towns)  there  are  a  few  good^ized  boulders  of  granite  and  felstone ; 
but  I  have  been  led  to  believe  that  they  were  artificially  transported 
from  the  Bridgenorth  neighbourhood  at  a  time  when  the  boating 
trafiic  on  the  river  Severn  was  more  extensive  than  at  present, 
owing  to  the  introduction  of  railways*. 

rV.  South-easterly  Extension  of  the  great  Arenio 
Felstoiie-dispersiok. 

1.  Boxdder-Bupplying  Capacity  of  the  great  Arenig  Mountain — 
Initial^  Intermediate,  and  Terminal  Concentrations. — As  I  have 
already  described  this  dispersion  in  the  Quart.  Joum.  Geol.  Soc. 
for  December  1874,  my  present  remarks  will  be  almost  entirely 
additional.  The  little  and  great  Arenig  mountains,  and  the  escarp- 
ment running  south  from  the  latter,  furnish  a  boulder-dispersing 
front  about  nine  miles  in  length  f.  Ihe  great  Arenig  itself  presents 
a  precipitous  and  block-strewn  or  block-producing  front  between 
two  and  three  miles  in  length,  and  quite  XOOO  feet  above  nearly  all 
the  heights  over  which  the  boulders  have  been  transported.  The 
radiations  of  the  dispersion  include  about  one  fourth  of  a  circle  (see  I. 
§  8  and  map,  PI.  XXJLI.).  Among  the  initial  concentrations  t^e  one  at 
the  east  end  of  Bala  lake  is  the  most  thickly  strewn.  A  remarkable 
intermediate  concentration  occurs  between  Bryn  Eglwys  and  Berwen. 
Terminal  concentrations  (so  far  as  Wales  is  concerned)  are  numerous 
in  the  neighbourhood  of  Llangollen ;  and  there  is  a  remarkable  one 
around  Eryrys,  near  lianormon.  1  traced  these  boulders  in  a  north- 
east direction  through  passes  in  the  Moel  Fammau  range  of  hills  as 
far  as  Halkin  Mountain,  Flintshire — the  north-east  direction  of  their 
dispersion  from  the  Arenig  corresponding  to  stride  on  limestone  rocks 
in  Grange  quarry,  near  Holywell.  The  greatest  height  at  which  I  have 
yot  found  decided  Arenig  boulders  is  about  1900  feet.  They  are 
generally  subangular,  oft^  angular,  and  vary  from  a  very  compact 
light  bluish-grey  felstone  to  volcanic  ashes  J.  Comparatively  few  of 
the  boulders  are  distinctly  brcociated.  They  are  generally  very  much 
larger  and  very  much  less  rounded  than  those  derived  from  the  Lako- 
district.  The  longest  I  have  seen  (near  Pen-y-bryn,  west  of  Llan- 
gollen) is  17  feet. 

2.  Boulders  around  Chirk  and  Welsh  Franhton. — ^At  the  mou& 
of  Llangollen  vale,  about  one  third  of  a  mile  west  of  Cefii  station, 
there  is  an  Arenig  boulder  15  x  14  x  10  feet  above  ground ;  and  about 

*  A  few  small  boulders  of  granite  have  been  found  around  Birmingham,  but 
they  may  be  regarded  as  mere  stragglers  from  the  great  granite^spersions. 
The  Bev.  J.  Caswell  found  only  two  small  ones  in  twenty-four  square  miles 
(British  Association  Report  on  Erratic  Blocks  for  1877). 

t  The  Aran  Mountains  further  south  may  hare  contributed  boulders  to  the 
Arenig  dispersion. 

X  A  linear  structure  is  often  developed  by  weathering,  and  this  corroborates 
the  general  opinion  that  they  are  all  consolidated  Volcanic  ashes. 
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a  quarter  of  a  mile  south-east  of  Chirk  bridge  another  13  x  7  X  3  feet 
above  ground.  Between  Chirk,  Gobowen,  Whittington,  and  Welsh 
Frankton  (near  Ellesmero)  there  are  many  Arenig  boulders.  West 
of  Welsh  Frankton,  close  to  where  the  road  crosses  a  canal,  there 
are  8x8  feet  of  an  Arenig  boulder  aboye  ground.  One  close  to 
Mr.  Oswell's  house,  Welsh  Frankton,  is  quite  8  feet  in  average 
diameter.  Another,  a  few  yards  distant,  is  8^  x  6  X  5  feet.  They 
aro  accompanied  by  good-sized  boulders  of  Silurian  grit  and  Car- 
boniferous sandstone  and  quartzite  from  the  Welsh  borders.  In 
the  neighbourhood  there  are  many  lai^  and  small  Arenig  boulders ; 
and  they  may  be  found  as  far  east  at  least  as  Ellesmero,  accompanied 
by  Mountain  Limestone  and  Millstone  Grit  from  the  Welsh  borders. 
It  would  thus  appear  that  the  Arenig  dispersion  must  have  cleared 
the  Welsh  mountains  in  the  neighbourhood  of  Llangollen,  and  partly 
crossed  the  southerly  course  of  the  Eskdale  granite  over  the  Shrop* 
shire  plain. 

3.  Overshot  Boulders  around  the  Clent  and  lAckey  UUls  {probably 
Arenig). — South-east  of  Welsh  Frankton  I  have  not  had  time  to  look 
for  a  continuation  of  the  Arenig  dispersion ;  it  may  possibly  exist 
under  a  covering  of  upper  day.  Between  Wellington  and  Wroxeter 
I  saw  a  few  small  Arenig-looking  boulders ;  but  between  Bridgenorth 
and  Wolverhampton  there  seemed  to  be  few  or  none  of  them,  though 
this  would  most  likely  be  their  course  to  the  Clent  and  Lickey  hills, 
around  which  many  large  felstone  boulders  have  been  brought  to 
light  through  the  diHgent  efforts  of  the  Rev.  H.  W.  Crosskey,  F.G.S., 
Secretary  of  the  British-Association  Erratic-Block  Committee.  I 
examined  these  boulders,  chiefly  between  Catshill  and  Hagley  *,  in 
a  district  which  seemed  to  be  totally  exempt  from  granite  erratics. 
This  fact,  combined  with  the  size,  shape,  and  appearance  of  the 
surface  of  the  boulders,  supplemented  by  a  comparison  of  specimens, 
led  me  to  adopt  the  opinion  that  they  must  have  come  all  the  way 
from  the  great  Arenig  mountain  or  the  neighbourhood.  My  acquaint- 
ance with  the  country  about  Llanymynech,  Church  Stretton,  Burton 
(Shropshire),  Much  Wenlock,  &c.  convinced  me  that  the  boulders 
eould  not  have  come  over  the  Welsh  mountains  from  the  Arenig 
mountain  along  a  route  further  south  than  the  mouth  of  the  Llan- 
gollen and  Ceiriog  valleys ;  and  the  discovery  of  an  extension  as  far 
as  Welsh  Frankton  and  Ellesmero  of  the  Arenig  dispersion  over  the 
Shropshire  plain  confirmed  the  idea  that  this  was  the  route  the 
boulders  must  have  taken  t.  The  absence  of  a  series  of  connecting 
links  between  Welsh  Frankton  and  tho  district  around  the  Clent  and 
LidLey  hills  may  be  explained  by  supposing  that  the  ice  which 
carried  the  boulders  over  the  lesser  Welsh  eminences  was  sufficient 
to  float  them  as  far  south  as  the  above  district.  These  boulders, 
therefore,  may  be  regarded  as  an  overshot  load  (or  a  series  of  over- 
shot loads)  that  is  shot  over  the  great  Criffel  terminal  concentra- 

*  I  afterwards  could  not  find  any  as  fax  soath  as  the  latitude  of  Droitwich. 

t  Similar  boulders  have  been  found  around  Birmingham,  induding  the  great 
Omnon-park  boulder,  and  it  is  probable  that  they  likewise  oame  from  tbe 
Arenig  area. 


Digitized  by 


Google 


446  D.  XA.CKIKT06H  ON  THB  EERATIC  BLOCKS  OF 

tion.  But  the  10-feet  boulder  at  Wolverhampton  and  the  small 
boulders  near  Wrozeter  (probably  Arenig)  show  that  a  few  boulders 
at  least  may  have  been  miscarried  or  dropped  by  the  way.  It  is 
probable  that  more  of  these  miscarried  boulders  may  yet  be  dis- 
coyered.  Around  the  Clent  and  lickey  hills  the  boulders  are  found 
in  a  varied  dex>osit  which  I  believe  to  be  a  representative  of  the 
Lower  Boulder-clay  of  the  north-western  plain ;  and  it  is  worthy  of 
remark  that  in  a  clay-pit  near  Preesgweene  (Chirk)  a  number  of 
Arenig  boulders  may  be  seen  lying  on  or  near  to  the  surface  of  a 
Lower  Boulder-day  which  is  surmounted  by  a  nearly  stoneless  upper 
or  brick-day  (1878).  A  little  consideration  will  render  it  probable 
that  the  Arenig  dispersion  did  not  all  at  once  turn  round  in  the 
neighbourhood  of  Welsh  Frankton,  and  then  make  its  way  in  a 
straight  line  to  the  Clent  and  Lickey  hills,  but  that  it  probably 
curved  round  as  shown  in  the  map.  By  this  time  the  cold  must 
have  increased  so  as  push  the  ''  cold  wall ''  as  far  south  as  the  above 
hills ;  for  the  positions  of  at  least  most  of  the  boulders  is  such  as  to 
show  that  they  could  not  have  owed  their  downfall  mainly  to  the 
circumstance  of  being  intercepted  by  these  hiUs.  There  are  large 
boulders  among  the  hills  up  to  at  least  900  feet  (as  lately  ascer- 
tained for  me  by  Mr.  Amphlett,  of  Clent),  but  most  of  them  occur  on 
the  south-west  side  of  the  range  at  lower  levels*. 

y.  Chalk-tlikts  akd  Lias  Fossils  associated  with  Nobthebk 
Boulders. 

Chalk-flints  have  been  found  by  Mr.  Aitken,  F.G.S.,  and  others 
high  up  on  the  Pennine  hills ;  but  as  they  were  more  or  less  associated 
with  worked  flints  of  Neolithic  age,  there  must  always  be  some  doubt 
about  their  having  been  transported  by  natural  causes.  I  shall 
therefore  confine  attention  to  those  which  have  been  found  imbedded 
in  unmodified  drift-deposits.  In  Boulder-day,  or  in  gravd,  I  have 
found  them  at  Blackpool,  Dawpool,  Parkgate  (numerous),  summit  of 
Halkin  mountain  (about  800  feet  above  the  sea),  around  Wrexham 
and  Ellesmere,  in  many  parts  of  the  peninsula  of  Wirral,  near  Run- 
corn, Delamere,  Crewe,  &c.  Mr.  Darbishire  has  found  them  near 
Ley  lands  (Lancashire);  Mr.  Watts,  F.G.S.,  at  Piethome,  near  Boch- 
dale ;  and  Mr.  Trimmer  on  the  top  of  Mocl-y-Tryfaen  (Caernarvon)  at 
a  height  of  nearly  1400  feet  above  the  sea.  All  these  flints  bdong 
to  the  basin  of  the  Irish  Sea,  and  have  almost  certainly  crossed  the 
general  course  of  the  northern  boulders  on  their  way  from  Ireland. 
Gryphcea  incurva  and  a  fragment  of  Lias  have  been  found  in  drift 
near  Chester  (a  specimen  now  in  possession  of  Mr.  Shone,  F.G.S.X 
Oryphaui  incurva  by  Mr.  Watts  at  Piethome,  by  the  late  Rev.  Mr. 
Thomber  at  Blackpool,  &c.  They  may  have  come  from  Ireland  or 
from  the  neighbourhood  of  Carlisle.  I  found  a  chalk-flint  near 
Shrewsbury  which  may  have  come  from  Ireland  or  from  Lincoln- 

*  Should  it  yet  be  proTed  that  the  abore  boulders  have  found  their  way  &om 
West  Central  Wales  by  a  route  distinct  from  the  one  I  hare  supposed,  it  would 
in  no  way  interfere  with  the  courses  I  hare  assigned  to  the  northern-drift 
boulders. 
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shire.  Mr.  Woodward  (of  Birmingham)  found  chalk-flints  and  spe- 
cimens of  Chyphcea  incurva  at  Lillieshall  (east  of  Wellington),  which 
prohahlj  came  from  the  east.  Mr.  Maw,  F.G.8.,  found  chalk-flints, 
hits  of  hard  chalk,  fragments  of  Oolite,  and  Lias  fossils  at  Strethill, 
near  Ironhridge,  which  prohably  came  from  the  east,  as  similar 
erratics  can  be  traced  in  an  easterly  direction.  I  found  a  chalk-flint 
at  Seisdon  (between  Wolverhampton  and  Bridgenorth) ;  and  many 
chalk-flints  along  with  specimens  of  Ghyphasa  have  been  found  in 
the  day-pits  around  Wolverhampton.  All  these  eastern  erratics 
must  have  crossed  the  course  of  the  northern  boulders  near  its 
southerly  termination;  and  as  both  are  found  associated  in  the 
same  drift>depoeit,  it  seems  impossible  to  explain  the  intercrossing 
by  land-ice  or  glaciers.  I  found  a  number  of  chalk-flints  in  the 
Aishflat  day-pits  (south  of  Stafford)  and  near  Bushbury,  which  mubt 
have  come  from  the  east,  because  they  thin  out  westward,  and  they 
are  there  associated  with  northern  granite-  and  felstone-boulders. 
South  of  Wolverhampton  and  west  of  the  Dudley  and  Clent 
hills  the  Bunter-pebble  drift  has  not  been  much  mixed  with 
chalk-flints.  I  could  see  none  about  Kidderminster  and  Droitwich, 
notwithstanding  that  in  the  latter  town  enormous  quantities  of 
gravel  had  just  been  thrown  out  of  excavations  for  drains  and 
house-sites ;  but  I  have  been  assured  that  they  are  not  entirely 
absent.  South  of  Worcester  a  considerable  number  have  crossed 
the  general  course  of  the  Bunter-pebble  drift  as  far  west  as 
Malvern  •.  The  Rev.  W.  S.  Symonds  has  found  chalk-flints  as  far 
west  as  Hafldd  Camp,  south  of  Ledbury!  They  have  not  only 
crossed  the  course  of  the  southerly  extension  of  the  Bunter-pebble 
drift,  but  likewise  the  south-easterly  course  of  the  angular  erratics 
from  the  Malvern  hills.  As  most,  if  not  all,  of  the  chalk-flints  in  the 
west-midland  counties  would  appear  to  have  come  from  Lincolnshire, 
their  general  course  must  have  been  south-west. 

VI.  Absence  of  Striated  Rock-sifrpaces  oveb  the  Soxtthebit  Part 

OF  THE  BoiTLDER-STRBWlf  ArEA. 

1.  Statement  of  Facts. — Away  from  the  Welsh  hills  no  dedded 
instance  of  a  striated  rock-surface  has  yet  been  met  with  south  of 
the  peninsula  of  Wirralf,  and  they  are  almost  entirely  conflned  to 
the  extreme  northern  part  of  that  peninsula.  Many  of  the  rocks  fur- 
ther south  are  of  much  the  same  kind,  and  equally  adapted  to  receive 
and  retain  ice-marks.  It  may  likewise  be  remarked  that  similar 
exposures  of  rock-surfaces  by  the  removal  of  drift  are  of  frequent 
occurrence.    To  suppose  that  the  Wirral  striated  rock-surfaces  were 

^  There  must,  then,  have  been  a  current  from  the  north-east  Buffioiently  cold 
not  to  melt  the  stragsiing  ice  by  which  Uie  flints  were  transported. 

t  I  lately  stumblraon  an  instance  of  somewhat  doubtful  striie  on  Haughmond 
hill  (near  Shrewsbury),  a  short  distance  east  of  Hauchmond  Abbey,  on  the  side 
of  an  old  quarry  just  beyond  a  quarry  now  worked  at  the  termination  of  the 
central  greenstone  protrusion.  Tne  direction  was  about  north-west  and  south- 
east,   ll  real  striie,  they  may  hare  been  made  by  ioe-bome  boulders  from  North 
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caased  by  a  sheet  of  land-ioe  which  went  no  farther  south,  and  that 
the  boulders  found  between  them  and  the  southerly  termination  of 
the  northern  drift  were  transported  by  icebergs  broken  off  the  end 
of  the  ice-sheet,  is  opposed  by  the  fact  that  the  leyels  of  the  striated 
rock-surfaces  which  ^e  bottom  of  the  ice  must  have  toudied  are 
generally  not  more  than  100  feet  above  the  present  sea-level  (near  St 
Silas's  church,  Liverpool,  about  160  feet) ;  in  other  words,  the  levels 
are  so  low  that  the  bottom  of  the  icebei^  could  not  have  gone  over 
the  boulder-strewn  higher  ground  farther  south,  some  of  which  reaches 
nearly  800  feet.  On  the  other  hand,  small  icebergs  or  large  masses 
of  floating  coast-ice,  from  Kirkcudbrightshire  or  Cumberland,  may 
have  reached  the  spots  where  the  striated  rocks  are  found,  while  the 
higher  ground  to  the  south  may  have  checked  their  further  progress. 
Should  it  be  said  that  land-ice  may  have  reached  as  far  as  the  above 
striated  area,  and  that  after  its  disappearance  boulders  may  have 
been  carried  by  floating  ice  from  their  parent  rocks,  it  may  be  replied 
that  we  have  no  evidence  of  the  existence  of  this  land-ice,  unless  the 
striated  rock-surfaces  can  be  proved  to  furnish  an  evidence ;  but,  on 
the  contrary,  I  think  they  can  be  best  explained  by  floating  ice. 

2.  Age  and  Origin  of  the  Striated  Eock-surfaces  around  Birkenhead 
and  Liverpool. — ^These  surfaces  are  all  Jlat^  or  very  nearly  so,  even 
where  the  rock  would  evidently  have  admitted  of  being  rounded.  They 
often  present  the  appearance  of  the  previously  uneven  rock-surface 
having  been  uniformly  planed  down  or  shaved  across.  Mr.  Darwin 
was  perhaps  the  flrst  to  make  a  distinction  (in  1842)  between  rock- 
surfaces  glaciated  by  land-ice  and  by  floating  ice,  the  former  showing 
a  tendency  to  be  dome-shaped.  In  North  Wales  (where  Mr.  Darwin 
studied  the  phenomena),  and  still  more  in  the  Lake-district,  rochet 
moutonnSes  are  coextensive  with  the  other  traces  of  land-ice,  and  we 
are  not  justifled  in  assuming  the  former  presence  of  land-ice  where 
they  are  entirely  absent.  All  the  striated  and  planed  rock-surfaces 
around  Birkenhead  and  Liverpool  are  covered  (so  far  as  I  have  seen) 
with  Upper  Boulder-day  which,  without  any  change  in  its  character  or 
intervening  detritus,  touches  the  striated  rock-surfaces.  Hie  latter 
look  as  fresh  as  if  they  had  been  formed  yesterday ;  and  these  feicts 
would  seem  to  point  to  the  conclusion  that  while  the  striated  suifaoe 
was  still  submerged  the  overlying  day  was  accumulated. 

YII.  Remabks  on  Local  Bovldeb-dibpebsioks. 

Boulders  have  probably  been  dispersed  from  either  the  Delamere 
or  Peckforton  hills,  as  (according  to  Prof.  Hull)  they  are  the  nearest 
localities  from  which  a  very  large  block  of  calcareous  conglomerate 
I  found  in  Mr.  Jones's  day-pit  near  Wrexham  could  have  been 
derived.  Its  course  must  have  crossed  that  of  the  Eskdale  granite 
with  which,  in  the  day-pit,  it  is  assodated.  Haughmond  hill  has 
sent  off  fragments  in  the  direction  of  Shrewsbury,  around  which 
they  may  be  found  in  the  lower  gravel  and  Upper  Boulder-day. 
According  to  Mr.  Maw  the  Wrekin  and  neighbouring  eminences 
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must  haye  sent  off  fragments  to  Strethill,  near  Ironbridge  *.  It  is 
well  known  that  Cham  wood  Forest  and  Mount  Sorrel  have  dispersed 
boulders  in  many  directions — according  to  Mr.  Lucy,  F.G.S.,  as  far 
as  the  Cotswold  hills,  and — according  to  Dr.  Buckland,  as  far  south 
as  Abingdon  and  as  far  S.S.E.  as  Dunstable.  Should  it  be  surmised 
that  these  local  dispersions  were  effected  by  floating  ice  after  the 
disappearance  of  the  great  ice-sheet,  it  may  be  replied  that  many 
of  them  have  been  found  imbedded  in  a  Boulder-clay  which  is 
probably  a  continuation  of  the  Great  Chalky  Clay  of  the  eastern 
counties. 

Vin.   PoSITIOirS  OP  BOTTLDEBS  KELATIVSLT  TO  THE  MaTBIZ  OF 

Dbift-deposits. 

1.  Along  the  VaUey  of  the  Dee  Sfc, — Between  Bala  Lake  and  Buabon 
the  transition  from  high-  to  low-level  drift,  on  the  same  horizon,  may 
be  clearly  seen.  Filling  up  abrupt  hollows  there  is  a  clay  or  loam, 
with  boulders,  which  may  have  been  left  by  the  passage  of  land-ice. 
Above  this  deposit  (where  it  is  present),  or  resting  on  the  rock- 
surface,  there  is  a  heterogeneous  accumulation  consisting  of  day,  loam, 
and  unstratified  subangular  gravel,  the  whole  interspersed  with 
boulders,  which,  however,  are  most  frequently  seen  towards  the 
base  or  top  of  the  formation.  This  boulder-drift  thins  out  upwards 
on  the  hill-sides,  where  it  graduates  into  a  chip-and-splinter  drift, 
with  an  occasional  rounded  stone,  and  large  boulders  which  (where 
there  is  little  or  no  drift-matrix)  appear  on  the  surface.  About 
Corwen  very  fine  sand  with  drifted  coal  (drifted  up  the  valley  of 
the  Dee  in  the  teeth  of  the  boulder-dispersion)  either  comes  over 
this  boulder-drift  or  is  interstratified  with  it.  Between  Corwen  and 
Buabon,  by  way  of  Llangollen,  there  is  generally  but  little  day  in 
the  boulder-drift,  and  it  is  often  seen  to  graduate  downward  into 
angular  debris  and  broken-up  rock  in  situ.  About  Buabon  it 
graduates  horizontally  into  the  lowest  drift  of  the  plain  of  Denbigh- 
shire and  Shropshire,  which  is  either  a  Boulder-gravel  or  a  Boulder- 
clay,  and  the  latter  graduates  northward  into  the  Lower  Boulder-clay 
of  the  Clieshire  and  Lancashire  plain.  Considering  the  difference  of 
level,  the  age  of  these  deposits  cannot  be  the  same,  though  they  are 
horizontally  contintumsf.  Li  the  Denbighshire  plain  .the  Arenig 
boulders  are  principally  found  in  the  lowest  gravel,  or  gravelly 
loam,  day,  and  sand ;  but  in  the  neighbourhood  of  the  mountains 
they  are  not  absent  from  the  overlying  finer  gravel  and  sand.  At  a 
distance  from  the  mountains,  in  the  low-lying  fine  gravel  and  sand  of 
Cheshire  and  Lancashire,  boulders  are  never  to  be  seen.  It  would 
be  diflicult  to  ascertain  whether  the  Arenig  boulders  found  in  the 
drift- deposits  of  the  Denbighshire  plain  bordering  the  Welsh  moun- 
tains were  dispersed  during  the  sinking  or  rising  of  the  land,  or 
both. 

*  Mr.  Perciral  has  found  fragments  from  the  Wrekin  area  as  far  S.E.  as 
Moseley  near  Birmingham,  and  nearly  as  far  E.  as  Lichfield. 

t  For  this  Terr  oonyenient  phrase  I  am  indebted  to  Mr.  S.  Y.  Wood,  jun., 
F.O.S. 
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2.  Along  the  Coast  of  the  Irish  Sea  ^e. — Assumiiig  the  terrestrial 
origin  of  the  blue  clay  with  local  boulders  which  extends  firom  the 
neighbourhood  of  Keswick  to  the  Irish  Sea  (under  all  the  other  drift- 
deposits),  and  reappears  on  the  coast  of  North  Wales,  and  oorrdating 
this  blue  clay  with  the  lowest  or  "  waxy"  pinnel  of  the  southern  part 
of  the  Lake-distiict,  there  would  still  be  an  extensive  heterogeneous 
deposit  of  argillaceous,  gravelly,  and  sandy  pinnel  in  and  around  the 
borders  of  the  Lake-distriot ;  and  this,  along  the  shores  of  Morecambe 
Bay,  may  be  traced  graduating  into  the  Lower  Boulder-clay  of  the 
plemi  of  Lancashire  and  Cheslure.  The  lower  part  of  the  day-diffis 
between  Bardsea  and  Baycliff  (near  Ulverston)  are  evidently  on  the 
same  horizon  as  the  lower  part  of  the  clay-cliffs  at  Blackpool,  while 
the  latter  is  a  ^rfect  facsimile  of  the  lower  part  of  the  clay-diflEi  at 
Dawpool,  Cheshire  (see  II.  §  5).  All  along  the  east  coast  of  the  Irish 
8ea  the  boulders  are  most  numerous  towards  the  base,  or  in  the 
loamy  part  of  the  Lower  Boulder-clay.  This  would  seem  to  indicate 
that  there  must  have  been  a  depth  of  water  sufficient  to  enable  t^e 
boulder-laden  floating  ice  to  clear  the  minor  eminences  before  much 
of  the  lower  clay  was  deposited.  The  far-transported  boulders,  such 
as  the  Criffel  granites  around  Wolverhampton,  differ  to  a  considerable 
extent  from  fiiose  found  at  Dawpool,  so  as  to  indicate  deeper  water 
when  they  were  transported.  If  so,  the  Boulder-clay  and  equivalent 
gravel  and  sand  around  Wolverhampton  may  represent  the  upper 
part  of  the  Boulder-clay  of  the  basin  of  the  Irish  Sea. 

3.  In  the  Plain  of  Cheshire,  Shropshire,  ^c. — The  Upper  Boulder- 
day  of  this  plain  is  very  extensively  distributed,  but  (as  long  ago 
noticed  by  Prof.  Hull)  the  Lower  Boulder-clay  is  seldom  seen  south 
of  Chester.  It  may  exist  in  many  abrupt  hollows  under  the  great  pall 
of  Upper  Boulder-clay ;  but,  so  far  as  it  can  be  detected,  it  gradually 
degenerates  southward  until  in  many  places  it  is  only  represented  by 
boulder-gravel,  earth,  sand,  or  loam  (as  may  be  seen  at  the  bottom 
of  Gresford  valley,  at  low  levels  around  Shrewsbury,  &c.).  This 
degeneration  is  evidently  owing  to  a  southerly  diminution  in  the 
supply  of  the  subglacial  mud  from  the  Lake-district.  It  may,  how- 
ever, at  first  have  been  more  or  less  present  in  Shropshire,  and  used 
up  or  carried  fox  away  during  the  accumulation  of  the  deanly- 
washed  middle  gravel-  and  sand-deposit,  which,  to  a  considerable 
extent,  consists  of  erratics  which  must  have  been  transported  during 
the  Lower  Boulder-day  period.  Up  the  hill-sides  the  Lower  Boulder- 
clay  degenerates  much  in  the  same  way  as  it  does  southwards,  as  if 
the  deposition  of  the  dayey  matrix  had  chiefly  taken  place  in  the 
deepest  parts  of  the  graduafiy  deepening  sea. 

4.  Around  Wolverhampton^  Stafford,  ^e, — The  great  plain  of 
Lancashire,  Cheshire,  Shropshire,  and  part  of  Denbighshire  (in  other 
words,  the  plain  lying  between  the  Pennine  hills  and  the  Welsh 
mountains)  is  separated  from  the  midland  area  by  a  waterparting 
(which  is  only  breached  by  the  river  Severn)  extending  from  the 
neighbourhood  of  Church  Stretton,  by  way  of  the  Wrekin,  Ashley 
Heath,  and  Mow  Cop,  to  the  Pennine  hills.  South,  south-east,  and 
east  of  this  waterparting  the  lowest  of  the  two  days  of  the  north- 
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west  plain  would  appear  to  be  alone,  or  almost  alone,  represented. 
The  comparative,  if  not  entire,  absence  of  subglacial  mud  from  the 
Lake>district  beyond  this  waterparting  (the  Severn  valley  perhaps 
excepted)  has  probably  been  compensated  by  the  prevalence  of  Car- 
boniferous, Permian,  Triassic,  and  Liassic  shale,  marl,  or  clay,  out 
of  which  deposits  of  clay  or  loam  have  been  locally  worked  up.  The 
same  kind  of  boulders  occur  in  this  local  day  as  are  found  in  the  lower 
glacial  clay  of  the  north-west ;  and  they  must  have  been  transported 
and  precipitated  during  the  same  submergence.  The  day  around 
'Wolverhampton  and  Stafford,  as  shown  in  numerous  clay-pits,  is 
very  sddom  underlain  by  sand,  excepting  where  there  has  been  a 
workiug  up  of  sandstone  rock  underueath*.  There  are  no  dear 
traces  (so  far  as  I  have  seen)  of  two  Boulder-days  in  this  district, 
though  sometimes  it  might  be  easy  to  fancy  so,  because  the  boulder- 
bearing  clay  graduates  into  sand,  loam,  and  gravd  at  different  levels, 
though  still  on  the  same  horizon ;  in  other  words,  it  changes  with 
dianges  in  the  character  of  the  underlying  or  neighbouring  strata. 
In  the  day-pits  around  Wolverhampton  and  Stafford  northern 
boulders  are  found  at  various  levels  in  the  clay,  but  mainly  in  the 
upper  part  near  to  or  on  the  surface,  as  if  a  part  of  the  day  (at 
least  in  certain  areas)  had  been  deposited  before  the  submergence 
became  suffidently  deep  to  float  boulder-laden  ice  over  the  above- 
mentioned  waterparting.  At  Ashflat  day-pits  (south  of  Stafford) 
the  day,  with  many  northern  erratics,  is  overlain  by  gravel  and 
sand  which  have  evidently  been  washed  out  of  the  day — the  junc- 
tion between  the  two  being  very  uneven,  generally  ill-defined,  and 
often  presenting  the  appearance  of  "pipes."  Fine  gravel  may  be 
Been  in  Wobaston  Big  Meadow,  further  south,  and  I  believe  it  is 
underlain  by  boulder-loam.  Most  of  the  large  boulders  between 
Wolverhampton  and  Bridgenorth  would  appear  to  be  imbedded 
either  in  day  or  in  gravel  with  a  matrix  of  day  graduating  into 
sand.  Most  of  the  boulders  which  have  been  removed  from  the 
fidds  were  found  partly,  or  almost  wholly,  above  the  sur&ce,  or  not 
80  deeply  buried  as  to  elude  their  being  touched  by  the  plough.  At 
first  I  was  deceived  by  fancying  that  the  occasional  occurrence  of 
vertical  and,  to  some  extent,  grey-feiced  partings  in  the  clay  around 
Wolverhampton  was  sufficient  to  correlate  it  with  the  upper  clay  of 
the  north-west;  but  I  soon  found  that  it  was  only  an  accidental 
resemblance,  and  that  the  structure  of  the  two  days  was  different, 
the  Wolverhampton  clay  being  more  or  less  heterogeneous  and  inco- 
herent, while  the  upper  day  of  the  north-west  is  remarkably  homo- 
geneous, tenadous,  and  compact,  characteristics  which  cause  it  to 
slide  one  portion  on  another  when  damp,  and  when  dry  to  break  up 
in  large  columnar  masses  instead  of  frittering  away. 

*  In  the  neighbourhood  of  Binrmgham,  sand  nometimes  comes  under  a  loamy 
clay  or  grayel ;  but  whether  it  be  a  local  variation  on  the  same  korison,  or  a 
westerly  representatiYe  of  Mr.  S.  V.  Wood's  Middle  Glacial  Sand  of  the  eastern 
counties,  I  hare  not  had  time  to  ascertain.  It  ought  to  be  recollected  that  under 
the  Lower  Boulder-clay  of  the  north-west  plain  there  are  occasionally  sands  of 
local  deriyation. 
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IX.   EXFLAVATIOK  OF  MaP,  PuLTE  XXII. 

As  it  is  impossible  to  ascertain  the  precise  routes  taken  by  boulders, 
in  a  map  it  is  perhaps  least  presumptuous  to  draw  straight  or  slightly 
curved  lines  £rom  their  sources  to  their  terminations.  As  most  of 
the  Kirkcudbrightshire  granite  blocks  would  appear  to  have  been  dis- 
persed from  Cniffel  mountain  or  the  neighbourhood,  to  preyent  com- 
plication I  have  represented  that  mountain  as  the  centre  of  dispersion. 
The  barrier  offered  by  the  westerly  extension  of  the  Cumberland 
mountains  renders  it  necessary  to  assume  a  curve  in  the  route  taken 
by  these  boulders.  As  I  have  already  described  the  Shapfell-granite 
dispersion  (see  GeoL  Mag.  for  Aug.  1870 ;  and  Quart.  Joum.  GeoL 
8oc.  for  Aug.  1873),  and  as  it  has  been  made  the  subject  of  papers 
by  other  authors,  I  have  only  mentioned  it  in  the  map.  For  the 
Bame  reason  the  stream  of  large  limestone  boulders  found  along  the 
east  coast  of  Morecambe  Bay  is  merely  mentioned.  The  boulders  of 
Bilurian  grit,  felstone,  &c.  which  went  south  from  the  mountain- 
front  of  Westmoreland  are  merely  mentioned,  as  it  is  not  certain 
that  many  of  them  found  their  way  further  south  than  Morecambe 
Bay.  The  "greenstone"  boulders  are  not  inserted  in  the  map. 
As  the  Arenig  boulders  which  are  believed  to  have  wandered 
as  far  south  as  the  neighbourhood  of  Bromsgrove  would  appear  to 
have  gone  first  in  an  easterly  direction,  it  is  obviously  necessary  that 
a  curved  route  should  be  assigned  to  them  in  the  middle  part  of  their 
course.  There  are  probably  many  boulders  which  I  have  not  yet  seen^ 
and  tlie  positions  of  which,  therefore,  are  not  shown  in  the  map. 

An  attempt  to  map  the  positions  and  courses  of  boulders  b  justi- 
fied by  the  fact  that  most  of  them  have  been  found  more  or  less 
imbedded  in  clay  or  gravel,  at  all  angles^  often  standing  on  end — in 
other  words,  in  the  positions  in  which  they  were  left  by  the  ice 
which  carried  them  during  the  Glacial  period. 
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Disouasioir. 


^-^ 


Prof.  Baxbat  spoke  of  the  value  of  these  detailed  ohsenri^l        '^ 
He  thought  that  both  land-ioe  and  floatmg  ice  were  oono«»i^B         ' 

the  distribution  of  erratic  boulders,  and  in  many  cases  these ^ 

rested  on  striated  surfaces.     There  were  many  boulders  in  Ab^^       % 

which  had  travelled  from  the  north.     Most  of  the  northerly 

tions,  he  thought,  could  only  be  produced  by  an  ice-sheefe 

the  north.     Sdll  he  had  no  doubt  that  there  were  also  floi_     y 

bergs,  as  in  Cheshire,  where  boulders  were  associated  with 

shells. 

Prof.  Htjohbs  had  had    the    pleasure    of   accompan3ring 
Mackintosh  in  the  field,  and  testified  to  the  painstaking  care 
which  he  gathered  information.   He  thought  the  facts  obeerred 
best  explained  on  the  view  that,  during  the  period  of  extreme^ 
ciatiou  in  N.W.  Europe,  the  Scandinayian  ice  orerrode  every 
when  the  cold  had  abated,  and  the  mountain-ranges  had  si 
8cotch  ice  pressed  out  on  all  sides,  encroaching  on  England 
Wale^.     Next  the  glaciers  of  the  Lake-district  had  their  own 
lopment,  pushing  against  the  mountains  of  North  Wales  so  t^i 
Welsh  ice  could  not  travel  out  along  the  northern  valleys ;  in 
firmation  of  which  he  pointed  out  that  the  traces  of  the 
ancient  glaciation  ran,  irrespective  of  level,  over  hill  and  dale 
east.     During  all  these  periods  the  sea  followed  the  receding 
submergence  went  on ;  but  the  drift  with  flints,  such  as  is 
at  various  levels  all  round  Wales,  belonged  to  a  later  peric 
to  different  conditions. 

Prof.  Bonne  r  stated  that  he  had  examined  a  ooUection  of  boi 
made  by  Mr.  Crosskey  from  near  Birmingham,  and  could 
Mr.  Mackintosh's  determination  of  the  three  origins  of  the  1 
He  thought  that  many  felstones  could  be  identified,  and 
crossing  of  the  boulders  could  only  be  explained  by  floating 
He  could  not  understand  how,  if  ice  came  down  to  Wales 
8candinavia  or  Scotland,  Wales  also  should  not  have  had  glaciers  laqpe 
enough  to  keep  the  northern  ice  at  a  distance  from  the  mountains. 

Dr.  Hicxs  expressed  his  agreement  with  the  author.  In  Pem- 
brokeshire foreign  rocks  were  present,  apparently  coming  from  the 
north — he  thought,  the  result  of  floating  ice.  Land-glaciers  would 
bring  boulders  down  to  the  sea,  and  they  would  be  drifted  away 
by  floating  ice  and  currents. 

Prof.  Eaksat  said  that  he  had  not  asserted  that  the  ice  covered 
Pembrokeshire,  so  that  Dr.  Hicks's  criticism  did  not  apply. 

Dr.  Hicxs  explained  that  striated  rock-surfaces  and  boulders 
were  common  in  Pembrokeshire.  These  he  looked  upon  as  evidences 
of  local  glaciers  previous  to  the  floating-ice  period. 

Prof.  Seelet  referred  to  the  correlation  of  the  drifts  proposed  by 
Mr.  Mackintosh.  He  thought  we  could  not  assume  that  the  surface 
had  kept  the  same  level  above  the  sea,  but  that  the  glacial  phe- 
nomena were  due  to  the  elevation  of  the  north  of  Europe ;  and  as 
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this  declined,  the  phenomena  of  the  varions  glacial  periods  wonld  he 
produced.  He  thought  houlder-clays  and  houlderB  had  heen  renBorted 
again  and  again  hy  the  sea. 

Mr.  Db  Bakcb  said  that  in  the  Lake-district  the  strisB  radiate 
from  the  watershed.  Hence  pehbles  derived  from  the  Solway, 
found  in  the  midland  Glacial  deposits,  could  only  have  come  by 
floating  ice ;  and,  further,  with  these  there  was  evidence,  in  the 
Middle  Sands,  that  currents  flowed  to  the  S.S.E.  The  strise  were 
older  than  the  deposits  on  them. 

Mr.  J.  F.  Cakpbell  expressed  his  satisfaction  at  the  numerous 
facts  brought  forward  by  Mr.  Mackintosh,  and  instanced  the  Straits 
of  Belleisle  in  almost  the  same  latitude,  where  the  existing  state 
of  facts  explained  very  well  phenomena  described  by  Mr.  Maclantoslh 

Mr.  Mackintosh  replied  that  in  the  peninsula  of  Wirral  the 
striffi  converged.  In  ^glesey  the  striae  were  parallel.  For  replies 
to  some  of  the  speakers  he  referred  to  his  paper. 
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35.  Note  on  a  Femub  and  a  Huicertts  of  a  skaix  Mammal  from  the 
Stonesfield  Slate.  By  H.  G.  Seelet,  Esq.,  F.R.S.,  F.G.S. 
(Read  February  26,  1879.) 

While  examining,  with  the  assistance  of  Mr.  W.  Davies,  F.G.S., 
the  nnarranged  and  more  fragmentary  remains  of  Pterodactyles  from 
the  Stonesfidd  Slate  which  are  preserved  in  the  British  Muscnm,  I 
was  so  fortunate  as  to  detect  two  small  slabs  which  contain,  in  good 
preservation,  a  small  mammalian  femur  and  a  mammalian  humerus 
of  corresponding  size.  Mr.  Davies  has  had  as  much  of  the  matrix 
removed  from  these  bones  as  was  necessary  to  fully  display  their 
essential  characters ;  and  I  now  offer  to  the  Geological  Society  a  brief 
account  of  the  remains,  for  the  opportunity  of  ma^g  which  I  would 
express  my  thanks  to  Mr.  Waterhouse.  It  ib  perhaps  impossible  to 
determine  with  absolute  certainty  whether  they  belong  to  An^lU-' 
iherium,  Phaseolotherium,  or  to  some  new  type,  or  whether  the  bones 
might  not  perhaps  have  belonged  to  two  different  animals  ;  but,  on 
the  chance  of  their  being  naturally  associated,  the  generalized  mar- 
supial characters  which  they  manifest  make  a  useful  contribution  to 
our  knowledge  of  that  animal  type,  which  has  hitherto  only  been 
known,  from  Stonesfield,  by  rami  of  lower  jaws. 

Femvb. 

The  right  femur  rests  flat  in  the  v     ^       ip 

matrix,  so  as  to  expose  the  aspect  ^^^'  ^-     ^<^wr. 

of  the  bone,  which  during  life  was 
posterior  and  inferior.  The  ex- 
treme length  of  the  specimen  is  1-j^ 
inch.  It  has  a  straight  aspect,  is 
moderately  expanded  proximally, 
less  enlarged  at  the  distal  end,  and 
has  the  spheroidal  articular  head  in- 
clined to  the  inner  side  and  looking 
slightly  forward.  The  most  re- 
markable feature  of  the  specimen 
is  the  expansion' below  the  articular 
head  of  the  two  trochanteroid  pro- 
cesses, which  make  the  width  of  the 
bone  in  this  position  something  loss 
than  -j^  inch.  The  inner  trochanter 
is  much  the  less  massive  of  the  two ; 
but  its  margin  is  imperfectly  pre- 
served, and  it  was  obviously  thinner 
than  the  great  trochanter.  It  ex- 
tends proximally  to  near  the  base  of  The  outline  shows  the  natural  sixe 
the  proximal  articular  head  of  the  of  the  bone, 

bone,  and  had  a  narrow  wing-like  extension  inward,  curving  some- 
what forward  at  its  proximal  margin ;  but,  as  preserved,  its  internal 
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extension  beyond  the  proximal  articulation  is  hardly  more  than  -^ 
inch.  It  is  in  no  sense  a  process,  but  simply  an  expansion  of  the 
bone,  and  terminates  distally  in  a  short  sharp  ridge  on  the  angle  of 
the  side  of  the  shaft.  The  external  trochanter  is  much  thicker,  and 
extends  beyond  the  border  of  the  articular  head  for  -j^  inch.  It  is 
separated  from  this  convex  surface  by  a  concave  excavation  about 
-ji^  inch  wide ;  and  its  outer  rounded  border,  which  is  nearly  ^^  inch 
thick,  is  reflected  backward,  and  terminated  proxiraally  in  a  rounded 
process,  which  at  the  proximal  end  curves  a  little  forward. 

The  rounded  articular  head  has  no  neck  connecting  it  with  the 
shaft ;  but  a  constriction  extends  below  the  globular  surface  pos- 
teriorly, and  another  depression  is  apparently  more  marked  on  the 
anterior  aspect.  The  transverse  measurement  of  the  head  is  about 
^  inch,  and  the  antero-posterior  measurement  is  somewhat  more. 
Its  deptti  on  the  posterior  aspect  is  about  ^  inch. 

Between  the  head  of  the  bone  and  the  two  trochanters  is  a  con- 
cave space,  which  runs  down  the  shaft  for  about  one  third  of  its  length, 
disappearing  in  a  line  as  the  bone  narrows  from  side  to  side,  and  it  is 
deepest  towards  the  great  trochanter.  There  is  no  trace  of  an  ob- 
turator pit,  nor  of  any  excavation  towards  the  external  trochanter, 
such  as  characterizes  this  part  of  the  bone  in  the  majority  of  mam- 
mals, and  especially  marsupials ;  so  that  at  first  sight  there  is  a 
primd  fcicie  suggestion  in  this  r^on  of  bats,  or  moles,  or  of  a  type 
allied  to  the  monotremes,  in  which  the  trochanters  were  less  deve- 
loped than  in  Orniihorhynchus ;  but  there  are  slight  concavely  curved 
lines  extending  between  the  trochanters  and  indicating  muscular 
attachment. 

The  shaft  becomes  reduced  to  its  least  width  of  about  ^  inch 
near  the  middle.  Its  posterior  lateral  outline  is  concave,  so  as  to 
give  the  distal  articulation  the  aspect  of  being  produced  slightly 
outward.  The  internal  outline  is  nearly  straight  between  the  in- 
ternal trochanter  and  the  distal  articulation.  The  shaft  of  the  bone 
is  evidently  flattened  naturally,  is  straight  on  the  posterior  aspect 
below  the  trochanters,  and  becomes  convexly  curved  from  side  to 
side.  There  is  a  slight  groove  extending  down  the  length  of 
the  shaft  in  the  median  line  from  the  external  trochanteroid  ridge 
to  between  the  condyles,  and  gradually  widening  distally.  The 
width  of  the  bone  across  the  distal  condyles  is  rather  less  than  A 
inch ;  and  though  the  specimen  is  not  sufficiently  developed  from  the 
matrix  to  show  the  thickness  of  the  condylar  end,  it  was  evidently 
much  less  thick  than  is  usual  among  marsupial  mammals.  The 
outer  condyle  is  the  larger ;  it  has  a  transversely  ovate  outline,  and 
is  divided  on  the  posterior  aspect  by  a  moderately  deep  depression 
from  the  smaller  inner  condyle,  in  which  the  greatest  measurement 
was  verticaL  The  depth  of  these  condyles  is  about  ^  inch,  and 
the  shaft  above  them  is  concavely  excavated. 

These  are  the  characters  on  which  the  systematic  position  of  the 
animal  must  be  determined.  The  bone  is  altogether  less  robust  and 
is  rather  smaller  than  the  same  bone  in  Omithorhynchus,  has  the 
trochanters  narrower  and  smaller,  the  distal  condyles  narrower. 
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and  the  articular  head  directed  less  upward  and  more  inward.  In 
all  these  points  of  difference  there  is  a  nearer  approach  to  the  femur 
of  Echidna^  which,  however,  is  twice  as  long.  In  that  genus  the  tro- 
chanters are  relatively  less  developed,  and  the  head  of  the  houe  is 
less  well  defined  on  the  inferior  aspect,  while  in  the  fossil  tiie  in- 
ternal trochanter  has  a  greater  proximal  extension.  Both  these 
genera  of  living  Monotremes  agree  in  possessing  a  similarly  unex- 
cavated  condition  of  the  posterior  aspect  of  the  external  trodianter; 
and  there  are  enough  intermediate  steps  hetween  the  two  surviving 
genera  to  include  such  a  form  as  this  fossil  bone,  if  there  were  any 
corroborative  evidence  to  justify  its  location  in  tiie  same  order  witii 
them. 

Among  the  marsupials  there  are  not  many  in  which  a  sufficiently 
near  correspondence  can  be  detected  to  justify  a  comparison.  It  is 
only  among  some  of  the  Phalangers,  such  as  Phalangista  Coaka, 
that  there  is  a  general  resemblance  seen  in  form  and  type,  though 
the  existence  in  that  group  of  an  obturator  pit  renders  detailed  com- 
parison impossible.  The  only  other  marsupial  to  which  refer^oe 
may  naturally  be  made  is  the  Myrmecobius,  interesting  from  its 
resemblance  to  AmpJiitherium ;  but  the  bone  is  relatively  shorter  than 
in  Myrmecobius  fasciatus ;  the  condyles  at  the  distal  end  are  re- 
latively much  less  thickened.  The  internal  trochanter  does  not  ex- 
tend so  far  proximally  in  the  recent  genus,  and  the  fossO  shows  no 
trace  of  the  excavation  of  the  inferior  aspect  of  the  proximal  end. 
It  may  therefore  be  concluded  that  the  resemblance  to  Marsupials 
is,  on  the  whole,  less  evident  than  the  probable  affinity  of  the  bone 
to  a  Monotreme.  It  is  interesting  that  Amphitherium  has  presented 
characters  in  the  inflected  angle  of  the  lower  jaw  which  induces 
Prof.  Owen  to  dwell  on  its  resemblance  to  the  mole  and  the  hedge- 
hog, and  to  express  a  necessary  caution  against  hastily  concluding 
that  the  animal  was  not  insectivorous.  Dr.  GiU,  one  of  the  most 
profoimd  system atists  of  modem  times,  has  sufficiently  recognized,  in 
his  tabular  view  of  the  classification  of  the  Mammalia,  the  near 
affinity  of  the  Chiroptera,  Insectivora,  Kodents,  and  Edentates  with 
the  Marsupial  and  Monotreme  orders ;  and  it  is  certainly  remarkable 
that  this  fossil  bone,  like  the  jaw  referred  to,  should  present  cha- 
racters which  necessitate  close  examinatioh  as  to  its  placental  or  its 
implacental  determination.  There  are  many  animals  in  which  the 
proximal  end  of  the  femur  has  two  well-developed  trochanters,  and 
from  which  the  obturator  pit  is  absent ;  but  in  none  do  the  condyles 
attain  so  great  a  size  as  in  the  fossil. 

In  the  Little  Ant-eater  (Cyclothums  didactyhui)  the  femur  is  I-j^ 
inch  long,  while  the  transverse  measurement  across  the  trochanters 
is  only  ^  inch,  so  that  in  this  animal  the  shaft  is  3 j  times  as  long 
as  the  ^ansverse  measurement  over  the  trochanters,  while  in  the 
fossil  the  shaft  is  not  more  than  twice  as  long  as  the  width  over  the 
trochanters.  The  femur  of  the  Mole  has  only  a  general  resemblance 
to  the  fossil ;  the  trochanters  are  narrower ;  the  great  trochanter  is 
more  developed  proximally,  and  the  concave  area  between  the  tro- 
chanters is  of  an  altogether  different  character.     A  similar  remark 
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applies  to  the  proximal  end  of  the  femur  of  the  Hedgehog,  which  at 
first  sight  approximates  in  form  to  the  fossil. 

The  Bats  prohahly  make  a  nearer  approach  than  the  Insectivora, 
both  trochanters  being  well  developed ;  hut  in  the  Bat  there  is  not 
the  same  concave  channel  extending  down  the  shaft  between  the 
trochanters,  which  is  so  remarkable  a  character  in  the  fossil.  I  am 
therefore  disposed  to  believe  that  the  Monotreme  characters  predo- 
minate, and  justify  us  in  believing  that  the  specimen  was  impla- 
cental,  although  there  may  be  some  reason  for  believing  that  it  was, 
to  some  extent,  also  marsupial  in  its  characters. 


Fig.  2. — Eumerus. 


HVHERTJS. 

The  right  humerus  rests  flat  in 
the  matrix,  so  as  to  expose  its  pos- 
terior aspect.  It  is  1^  inch  long, 
with  a  globose  head,  slender  shaft, 
straight  on  the  anterior  or  inner 
side,  concave  on  the  external  or 
posterior  side,  and  compressed  and 
somewhat  expanded  at  the  distal 
end.  It  is  much  more  marsupial  in 
its  characters  than  the  femur.  The 
head  is  ^  inch  wide,  and  is  rather 
directed  outward  and  backward ;  it 
is  about  A  inch  deep,  and  presents 
a  form  which  is  seen  in  Phaseolarc^ 
tos^  but  which  is  unusual.  The 
shaft  narrows  to  ^  inch  in  the 
middle,  where  its  section  would  ap- 
parently be  subtriangular,  owing  to 
the  inner  side  of  the  bone  being 
flattened  vertically.  This  inner  side 
extends  upwards  so  as  to  form  a 
small  trochanter  on  the  inner  side 
of  the  articular  head ;  but  the  poste- 
rior border  of  the  bone  is  sepa- 
rated from  the  head  by  a  wellnle- 

fined  transverse  depression.  On  the  proximal  half  of  the  inner  margin 
rises  a  well-deflned  moderately  elevated  crest,  which,  so  far  as  I  am 
aware,  is  not  paralleled  in  position  in  any  humerus  which  is  com- 
parable with  the  fossil.  The  inner  side  of  this  ridge  is  continuous 
with  the  flattened  inner  side  of  the  bone,  and  it  extends  up  to  merge 
in  the  trochanter ;  but  the  outer  side  of  the  ridge  is  deflned  by  a 
slight  clean  groove.  The  ridge  attains  its  greatest  elevation  at  ^ 
inch  below  the  articular  head  of  the  humerus,  and  nearly  ^  inch  from 
its  proximal  articular  surface.  The  distal  end  of  the  bone  lies  in  the 
same  plane  with  the  proximal  end.  The  external  margin  is  expanded 
into  a  thin  plate,  which  has  a  highly  convex  external  outline.  This 
plate  on  its  posterior  aspect  is  flat  and  smooth,  and  in  no  way  de- 
fined from  the  rest  of  the  bone.    Its  contour  helps  to  form  the  bow- 


The  outline  shows  the  natural  sise 
of  the  bone. 
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shaped  outline  of  the  external  side  of  the  shaft.  The  inner  border 
of  the  distal  end  also  expands  distally,  though  not  to  the  same  ex- 
tent. It  is  less  perfectly  preserved,  but  was  obviously  much  thicker 
and  apparently  flattened,  and  makes  the  width  of  the  distal  end  in  a 
line  with  the  olecranon  pit  a  trifle  over  ^  inch.  The  details  of 
the  distal  articulation  are  not  well  seen ;  but  the  bone  appears  to 
have  been  compressed  and  rounded,  and  the  extension  below  the 
olecranon-pit  of  the  condyles  is  rather  less  than  i^^  inch.  The  ole- 
cranon-pit  is  not  very  deep,  and  is  transversely  ovate,  placed  a  little 
obliquely,  and  nearer  to  the  external  than  to  the  internal  border  of 
the  bone.  The  principal  condyle  was  below  the  inner  half  of  the 
olecranon  depression,  and  is  partly  broken  away ;  but  a  small  second 
condyle  appears  below  its  external  comer,  and  between  these  there 
is  a  narrow  smooth  impressed  intercondylar  area,  which  extends 
obliquely  forward  and  upward,  and  indicates  the  mode  of  flexure  of 
the  fore  limb. 

The  nearest  approach  to  this  form  of  humerus  is  probably  pre- 
sented by  some  of  the  Phalangers,  though  the  ridge,  which  is  lateral 
on  the  side  of  the  upper  part  of  the  shaft,  would  need  to  be  turned, 
together  with  the  head,  through  a  considerable  angle  before  the  two 
forms  could  be  brought  into  harmony. 

On  the  oblique  inner  distal  border  is  the  usual  supracondylar 
foramen  seen  in  Marsupials  and  several  other  orders,  which  appears 
to  have  a  vertically  ovate  outline,  and  to  pass  obliquely  forward  and 
downward  and  very  slightly  inward ;  it  is  placed  just  above  the 
border  of  the  olecranon-pit,  and  is  separated  from  it  by  a  width  of 
^  inch.  Its  inner  border  is  a  narrow  arch  of  bone,  which  is  angular, 
being  compressed  from  the  £ront. 

So  far  we  have  compared  the  humerus  as  though  it  were  an  isolated 
bone ;  and  have  ignored  the  possibility  that  it  might  present  affinities 
of  the  same  character  as  the  femur.  The  difficulties  which  have  pre- 
sented themselves  hitherto  in  its  interpretation  are : — (1)  the  con- 
cave anterior  or  external  margin ;  (2)  the  ridge  running  down  the 
superior  aspect  of  the  bone  from  the  proximal  articular  head.  But 
when  our  comparisons  are  turned  to  the  Omithorhynchtts,  singularly 
modified  as  the  posterior  or  internal  margin  of  the  bone  in  that  genus 
is,  we  recognize  at  once  the  significance  of  the  characters  which  have 
hitherto  been  so  difficult  to  interpret.  In  no  other  genus  is  the  an- 
terior concavity  of  the  bone  between  the  proximal  and  distal  ends  so 
pronounced  as  in  this  Monotreme ;  and  although  this  right  humerus 
presents  a  form  which  is  more  suggestive  of  a  Marsupial  in  its 
general  aspect,  yet  in  these  important  characters,  as  well  as  in  the 
outward  direction  of  the  articular  head,  it  makes  an  approximation 
to  the  Omithorhynehus  which  there  is  no  reason  for  believing  to  be 
accidental,  and  every  reason  to  regeird  as  an  indication  of  organic 
grade.  It  is  not  impossible  that  the  Stonesfield  animal  may  have 
had  burrowing  habits  ;  but  it  is  highly  probable  that  a  humerus  so 
modified  as  this  must  have  been  connected  with  a  pectoral  arch  like 
that  of  a  Monotreme  in  construction,  and  unlike  the  ordinary  form 
of  the  arch  in  placental  Mammals  or  Marsupials.  And  if  any  diffi- 
culty should  suggest  itself  in  this  comparison  on  the  ground  of  the 
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difference  of  the  bone  from  the  same  element  in  OmithorhynchuSy  it 
should  be  borne  in  mind  that  the  Monotremes  are  at  present  known 
to  ns  very  imperfectly,  and  that  between  the  Duck-billed  Platypus 
and  the  Echidna  there  is  a  wide  interval  of  organization.  But  per- 
haps the  most  interesting  evidence  of  the  affinity  of  the  humerus  is 
obtained  when  we  bear  in  mind  that  it  is  found  with  the  femur, 
and  that  the  two  bones  correspond  in  presenting  predominant  indi- 
cations of  Monotreme  characters  under  the  external  forms  usual 
among  Marsupials. 

The  only  history  of  these  specimens  is  that  they  were  collected  by 
Mr.  8.  Peace  Pratt,  formerly  one  of  the  Secretaries  of  the  Geological 
Society,  and  presented  by  hiim,  with  four  other  bones  from  Stonesfield, 
to  the  British  Museum.  Mammalian  remains  occur  so  rarely  that  there 
is  a  strong  predisposition  to  regard  these  bones  as  naturally  associated ; 
and  the  somewhat  smaller  size  of  the  humerus,  as  compared  with 
the  femur,  would  favour  such  judgment,  however  strong  the  temp- 
tation might  be  to  refer  the  bones  to  different  genera  on  account  of 
their  resemblances  to  such  different  types  of  existing  animals.  At 
least,  in  the  absence  of  evidence  to  the  contrary,  it  may  not  be  in- 
convenient to  consider  them  to  have  been  portions  of  a  single  indivi- 
dual. There  then  arises  the  more  difficult  question  as  to  whether  they 
pertain  to  any  of  the  genera-of  the  Stonesfield-Slate  mammals  hitherto 
established  or  not.  And  necessarily  a  judgment  on  this  point  must 
be  largely  founded  on  probabilities.  The  comparatively  large  Ste-- 
reognathus  is  so  generally  r^arded  as  placental,  that  its  claims  to 
the  humerus  and  femur  may  be  dismissed.  There  then  remain 
only  Amphiiherium  and  Fhascoloiherium  with  which  they  may  be 
associated.  The  size  of  the  bones  is  not  very  different  from  what 
might  be  anticipated  from  the  length  of  the  jaws  already  described 
in  those  genera.  In  many  small  animals  the  length  of  the  lower 
jaw  is  not  greatly  different  from  that  of  the  femur,  and  the  humerus 
is  usually  somewhat  shorter,  though  there  are  many  animals  in  which 
the  skull  is  much  longer  than  the  femur.  In  (hmithorhynchus  the 
lower  jaw  measures  3^  inches,  the  femur  1-j^  inch,  the  humerus 
lyW  inch.  In  Echidna  the  skull  is  4A  inches  long,  the  femur  2^ 
inches,  the  humerus  l-j%  inch.  In  Jjidelphis  virginiana  the  lower 
jaw  is  3^  inches,  femur  S^q  inches,  humerus  2A^  inches.  In  Myr^ 
mecobius  fasciatua  the  lower  jaw  is  lA-  inch,  temur  1^%  inch,  hu- 
merus ly^  inch.  In  Phalangista  Cookit  the  lower  jaw  is  1-j^  inch, 
the  femur  2^  inches,  the  humerus  2^  inches.  In  Phascolarctos 
the  lower  jaw  is  2^^  inches,  femur  Zf^  mches,  humerus  2^q  inches. 
In  the  Little  Ant-eater  the  lower  jaw  is  1-j^  inch,  the  femur  IJ^  inch, 
the  humerus  ^  inch.  In  the  Hedgehog  Uie  lower  jaw  is  iX  inch, 
and  the  femur  and  humerus  are  of  the  same  length.  .In  the  Mole 
the  skull  is  \^  inch,  femur  -^  inch,  and  humerus  -^  inch.  In  the 
Beaver  the  lower  jaw  is  2^^^  inches,  femur  2A^  inches,  humerus  1-Ar 
inch.  In  the  Marmot  tne  lower  jaw  is  2-^  inches,  the  femur  3 
inches,  the  humerus  2-^^^  inches. 

Now  in  Phascoloth&rium  the  length  of  the  jaw  is  about  1^  inch, 
and  in  Amphiiherium  the  length  of  the  jaw  is  about  1^  inch,  while 
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the  femur  described  is  1^^-  inch  and  the  homems  1^  inch.  Thus 
it  is  evident  that  there  is  not  much  ground  for  choice  in  affih'ating 
the  specimens  to  one  genus  or  the  other  on  the  ground  of  proportion 
between  the  jaws  and  the  limb-bones,  though  the  presumptiye  evi- 
dence is  strong,  so  far  as  size  goes,  that  they  might  be  referable  to 
one  of  them.  On  the  whole  I  am  inclined  to  believe  that  the  some- 
what insectivorous  and  strong  character  of  the  lower  jaw  of  PTuu- 
eolotherium  may  perhaps  be  taken  into  consideration  in  connexion, 
with  the  resemblance  which  the  head  of  the  femur  described  offers 
to  the  bone  in  some  Insectivores,  as  indicating  a  habit  which  would 
justify  us  in  suspecting  that  the  remains  are  rather  to  be  referred  to 
that  genus.  If  the  three  specimens  may  all  be  referred  to  the  same 
genus,  they  indicate  a  generalixed  Marsupial,  which  certainly  suggests 
evolution  from  a  Monotreme  stock,  and  cannot  be  placed  in  any 
division  of  the  existing  Marsupial  order. 

If  the  affiliation  of  these  limb-bones  to  the  jaw  of  Phcacdo^ 
iherium  be  accepted  as  an  identification  sufficiently  probable  to  excuse 
me,  in  the  absence  of  evidence  of  their  generic  distinctness,  from  the 
task  of  founding  a  new  genus  and  species  for  the  fossils,  then  a  certain 
appositeness  may  be  recognized  in  the  association  of  a  Marsupial  jaw 
of  generalized  character  with  limb-bones  indicating  a  generalized 
Insectivorous  type,  modified  from  a  Monotreme  stock  in  the  direc- 
tion of  the  Marsupial  plan,  as  one  of  those  harmonies  which  the 
general  truths  of  the  doctrine  of  evolution  would  lead  us  to  antici- 
pate ;  for  the  researches  of  Profs.  Owen,  (}audry,  and  Marsh  have 
gone  far  to  prove  that  every  type  of  mammalian  life  becomes  more 
generalized  when  it  is  traced  backwards  in  time,  and  presents  affi- 
nities towards  less  specialized  orders ;  from  which  we  infer  that 
these,  or  similar  orders,  were  the  parent  stock  from  which  the  sur- 
viving types  were  derived.  Similarly  I  am  inclined  to  suggest  that 
these  remains  from  Stonesfield  justify  us  in  inferring  the  exis- 
tenoe  of  a  generalized  order  of  animals,  which  were  not  Marsupials, 
but  from  which  the  Marsupials  became  evolved. 


DiscuBsioir. 

The  Pbesidbnt  congratulated  the  author  upon  the  discovery  of 
the  importance  of  these  specimens,  which  had  been  so  long  over- 
looked. 

Prof.  Pbbbtwioh  remarked  on  the  interest  attaching  to  the  dis- 
covery of  these  remains  among  old  specimens  from  Stonesfield, 
since  at  present  the  slate-pits  at  that  place  are  little  worked.  He 
suggested  that  if  other  store-coUections  of  Stonesfield  fossils  (like 
those  of  Oxford)  were  overhauled,  they  might  yield  equally  valuable 
results  to  so  careful  a  worker  as  Prof.  Seeley. 

Dr.  Mttbib  expressed  doubts  whether  the  humerus  was  a  right 
one,  and  also  as  to  the  validity  of  conclusions  derived  from  a  com- 
parison of  the  lengths  of  the  limb-bones  and  the  lower  jaws. 
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He  thought  that  Prof.  866167*8  views  as  to  the  predominantly 
nLonotrematous  character  of  the  animal  were  hardly  supported  hy 
the  evidence  adduced,  and  that  if  the  jaws  of  FTiascolotherium  had 
not  hefore  heen  discovered  the  identification  might  not  have  heen 
made. 

Hr.  Chablbswobth  insisted  on  the  important  discovery  of  hones 
other  than  mandibular  in  the  Stonesfield  Slate,  a  discovery  which 
had  been  looked  forward  to  in  vain  since  1814.  He  cited  and  ex- 
pressed doubt  on  the  explanation  of  Prof.  Owen,  that  the  lower  jaws 
had  fallen  away  from  the  floating  skeletons. 

Mr.  Blake  argued  in  favour  of  both  the  bones  belonging  to  one 
specimen,  and  pointed  out  that  the  greatly  modified  bone  (the  hu- 
merus) was  the  one  most  likely  to  vary  with  the  habits  of  the 
animal. 

Prof.  Seelet,  in  reply,  expressed  his  thanks  for  the  compliments 
which  had  been  paid  him.  He  defended  his  identification  and  in- 
terpretation, his  comparisons  of  the  lengths  of  the  limb-bones  and 
jaws  in  different  orders  of  mammals,  and  his  conclusion  that  the 
bones  had  monotreme  affinities.  He  should  have  arrived  at  the 
same  conclusion  if  no  jaws  had  ever  been  found. 


Q.J.G.8.  No.  139.  2 1 
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S6.  On  the  OooiTBBEircB  of  the  Gsinrs  Dithtbocibis  m  the  Loweb 
Cabbonifbbous  or  Caloipebous  Shomtone  Sbbib3  of  Sooilabd, 
and  on  that  of  a  SiBOOKO  Spbcibs  of  AsiKtuLBkuaaio^  in  thete 
Bbds.    Bjr  B.  EiHSBiDeB,  Esq.,  Jun.,  E.G.S.    (Read  April  30, 
1879.) 
(Published  with  the  pemusaion  of  the  Director-Qeneral  of  theQedogical  Surrey.) 
[Platb  XXIIL] 
1.  Intboductiok. 

SiHOB  my  oonnezioii  with  H.M.  Oeological  Soirey  ceased  I  haTe 
been  allowed  by  Prof.  Geikie,  E.B.S.,  to  make  use  of  some  very 
interesting  Cmstacean  remains  coUoctod  daring  the  progress  of  the 
Burrey  work,  and  now  beg  to  ofifer  some  remarks  upon  these 
specimens.  I  take  this  opportunity  of  expressing  my  thanks  to 
]^f.  Geikie  for  granting  me  this  priyilege.  I  am  also  indebted  to 
Dr.  Traquair,  E.G.S.,  for  the  loan  of  one  of  the  specimens  described 
hereafter. 

2.   On  THE  OcCXrBBENCE  OF  DiTHTBOClBIS  IS  THB  CaLCIFEBOUB 

SAirnsTONB  Sebibb. 

The  genus  Diihyrocaris  has  hitherto  been  met  with  in  the  Scotch 
Carboniferous  system,  so  far  as  I  am  aware,  only  in  the  Carboni- 
ferous Limestone  group  proper.  The  Phyllopods  of  the  Calciferoos 
Sandstone  series  (=  Tuedian  beds),  or  lower  section  of  the  Scotch 
Carboniferous,  consist  up  to  the  present  time  of  three  species,  viz. : — 
Estheria  Peachii,  Jones*;  Leaia,  sp. t;  and  Esthiria  Dawsoni, 
Jones  t«  I  know  of  no  other  form  recorded  from  this  series  of 
rocks  §. 

Some  months  ago  Dr.  R.  H.  Traquair,  E.G.B.,  called  my  attention 
to  a  specimen  in  the  Edinburgh  Museum,  found  by  Mr.  J.  Hender- 
son in  the  Wardie  Shale  beds  of  the  Water  of  Leith,  consisting  of 
several  semidetached  segments  of  a  large  cmstacean,  which,  horn 
their  general  resemblance  to  those  of  the  Phyllopoda,  I  oonccired 
were  probably  the  remains  of  Dithyrocaris  or  an  allied  genus. 
Shortly  after  this  discovery  my  duties  in  connexion  with  the  Geo- 
logical Survey  led  me  to  examine  a  collection  of  Lower  Carboni- 
ferous fossils  made  in  Koxburghshire  by  Mr.  A.  Macconochie,  one 
of  the  Survey  collectors.  The  specimens  of  Crustacea  obtained  by 
Mr.  Macconochie  are  of  great  interest,  and  my  thanks  are  specially 
due  to  him  for  his  kindness  in  immediately  calling  my  attention  to 
them. 

The  evidence  contained  in  this  collection  is  entirely  confirmatory 

»  Geol.  Mag.  vii.  p.  220. 

t  Ifnd.  Tiii.  p.  96.    Peach,  Brit  Amoc.  Rep.  for  1871,  pt  2,  p.  109. 

1  Etheridge,  Geol.  Mag.  dec  2, 1876,  iii.  p.  676. 

{  i>aM/<meni  has  since  been  deeoribed  (Ann.  &  Mag.  Nat.  Hilt,  April  1879). 
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of  the  Wardie  Shale  specimen  being  a  Dithyroearis;  for  there  body- 
segments,  tail-spines,  and  portions  of  the  carapace  occur  in  pro- 
fdfflon.  The  discovery  of  this  genus  in  the  Lower  Carboniferous 
series  by  Messrs  Henderson  and  Macconochie  is  a  point  of  much 
interest;  and  its  occurrence  in  the  Wardie  Shale  beds  will  form  a 
welcome  addition  to  the  fauna  described  in  my  paper  on  that  sub- 
ject *.     The  following  are  detailed  notes  on  the  specimens. 

DlTHTBOCAKIS,  sp.  ind. 

Obs.  The  specimen  found  by  Mr.  Henderson  is  specifically  unde- 
terminable, at  any  rate  with  our  present  imperfect  knowledge  of 
the  species  of  Dithyroearis.  It  consists  of  the  impressions  of  four 
body-segments,  and  perhaps  portions  of  two  others,  crushed  side- 
ways. They  are  in  form  almost  quadrangular  above,  tapering 
below;  there  is  no  trace  of  the  tail-spines.  Scattered  over  and 
around  the  specimens  are  an  immense  number  of  small,  circular, 
crushed,  disk-like  bodies,  some  adhering  to  the  segments,  others  in 
elose  proximity  to  them. 

At  first  sight  these  little  disks  might  be  referred  to  the  sporangia 
of  some  Lycopodiaceous  plant,  such  as  Lepidodendron,  Fkminffites^ 
OT  TasmaniUs ;  but  in  their  present  state  it  is  difficult  to  express  an 
opinion  on  their  nature  t.  Dr.  Woodward  does  not  think  they 
have  any  organic  connexion  with  the  crustacean  segments. 

Loc.  and  Horizon,  Woodhall,  Water  of  Leith,  near  Edinburgh, 
in  the  Wardie  Shale  section  of  the  Cement-stone  group,  L.  Carbo- 
niferous or  Calciferous  Sandstone  series. 

CoU,  Museum  of  Science  and  Art. 

Collector,  Mr.  John  Henderson. 

DlTHTROCABIS  TESTUDrNElTS,  Scoulcr.      (PI.  XXIII.  fig.  1.) 

Argas  testudineus,  Scouler,  Records  of  Gen.  Science,  1835,  i. 
p.  136. 

Dithyroearis  Scouleri,  M'Coy,  Synop.  Carb.  Foss.  Ireland,  1844, 
p.  163,  t.  23.  f.  2. 

D.  testudineus^  Morris,  Cat.  Brit.  Foss.  2nd  ed.  1854,  p.  107; 
Woodward  &  Etheridge,  Brit.  Assoc.  Report  for  1873,  pt.  2,  p.  92; 
Woodward  &  Etheridge,  Mem.  Geol.  Survey  Scotl.  Expl.  23,  1873, 
p.  98 ;  Woodward  &  Etheridge,  Geol.  Mag.  1873,  x.  p.  482,  t.  16. 
f.  1 ;  Woodward,  Cat.  Brit.  Foss.  Crust.  1877,  p.  73 ;  Bigsby,  The- 
saurus Dev.-Carb.  1878,  p.  249. 

Ohs,  This  species  is  represented  in  the  collection  from  Roxburgh- 
shire by  two  half  carapaces.  The  narrow,  strongly  and  obliquely 
fringed  lateral  margins  are  quite  visible  ;  and  in  one  of  them  there 
is  also  to  be  seen  the  commencement  of  one  of  the  rounded  ridges 
within  the  margins,  which  gradually  turn  inwards.     On  the  other 

•  "  On  our  Present  Knowledge  of  the  Invertebrate  Fauna  of  the  Lower  Car- 
boniferous or  Calciferous  Sandstone  Series  of  the  Edinburgh  Neigbbourhood,  Ac.,** 
Quart.  Joum.  Geol.  Soc.  xxxiv.  p.  1. 

t  Is  it  possible  that  they  are  the  remains  of  ova  adhering  to  the  abdomen  ? 

2x2 
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specimen  are  the  remains  of  the  slightly  rounded  posterior  margin 
which  connects  the  median  ridge  of  the  carapsu^e  with  the  posterior 
lateral  spines  on  each  side.  In  the  figure  the  two  halves  of  the 
carapace  have  been  placed  in  apposition,  to  show  their  relation  to 
one  another,  the  dotted  portions  being  restored. 

Loc.  and  Horizon.  Tweeden  Burn,  near  junction  with  Liddel 
Water,  by  New  Castletpn,  Roxburghshire;  in  the  Cement-stooe 
group  of  the  Calciferous  Sandstone  series. 

Coll.  Geol.  Survey  of  Scotland. 

Collector.  Mr.  A.  Macconochie. 

DiTHTEOCABIS  TRICORNIS,  Scouler. 

Arga8  tricomis,  Scouler,  Records  of  Gen.  Science  1835,  i.  p.  136. 

Dithyrocaria  tricomis,  Morris,  Cat.  Brit.  Foss.  2nd  ed.  1854, 
p.  107 ;  Salter  <Sc  Woodward,  Cat.  &  Chart  of  Foss.  Crusta^^a,  p.  17, 
f.  12;  Woodward  &  Etheridge,  Brit.  Assoc.  Report  for  1873, 
pt.  2,  p.  92 ;  Mem.  Geol.  Survey  Scotl.  Expl.  23,  1873,  p.  99  ; 
Geol.  Mag.  1873,  x.  p.  483,  t.  16.  f.  2  &  3;  Woodwaixl,  Cat 
Brit.  Foss.  Crustacea,  1877,  p.  73;  Bigsby,  Thes.  Dev.-Carb.  1878, 
p.  249. 

Obs.  To  this  species  are  referred  portions  of  the  two  halves  of  a 
much  larger  carapace,  disunited,  but  lying  partially  over  one  an- 
other, ^ey  both  exhibit  the  strongly  and  obliquely  striated  lateral 
margins  and  the  toothed  or  serrated  lateral  ridges,  terminating  in 
one  of  the  strong  recurved  posterior  spines.  There  is  no  trace  of 
the  fine  ornamentation  on  the  surface  exhibited  by  the  specimen 
discovered  by  Mr.  James  Bennie,  now  in  the  collection  of  the  Geolo- 
gical Survey  of  Scotland,  and  figured  by  Dr.  Woodward  and  myself. 
On  the  contrary,  there  is  evidence  of  the  peculiar  striated  lamina- 
tion so  often  found  on  the  carapaoe-surface  of  D.  teHudineus,  and 
seen  also  on  the  segments  accompanying  the  specimen  before  men- 
tioned as  found  by  Mr.  Bennie  *. 

To  D.  tricomis  are  also  referred  some  strong  and  bold  tail-spines. 
The  side  spines  measure  one  inch  two  lines  long,  the  centnd  one 
being  a  trifle  shorter.  They  are  ornamented  with  the  before-men- 
tioned laminar  strisB,  directed  longitudinally,  with  here  and  there 
rugosities  scattered  over  the  surface. 

Loc.  and  Horizon,  Liddel  Water,  half  a  mile  below  New  Castle- 
ton  ;  Tweeden  Bum,  near  junction  with  Liddel  Water,  by  New 
Castleton,  Roxburghshire.  Cement-stone  group  of  the  Caloferous 
Sandstone  series. 

Coll.  Geological  Survey  of  Scotland. 

Collector.  Mr.  A.  Macconochie. 

DiTHTBocABis,  sp.  iud.     (PI.  XXIII.  figs.  2  &  3.) 

Ohs.  There  are  in  the  collection  made  by  Mr.  Macconochie  four 
specimens,  consisting  of  abdominal  somites  and  tail-spines,  which 
must  have  belonged  to  a  species  fully  as  large  as  2>.  tricomisy  Scouler. 

•  Geol.Mag.x.t.  16.f.8<r. 
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The  fonn  and  macb  greater  size  at  once  separate  them  from  2).  testudi- 
neus^  Sconler.  The  most  perfect  amongst  these  disjecta  laemhra  shows 
traces  of  seven  body-FOgments  and  the  three  tail-spines  (PL  XXIII. 
fig.  2).  The  abdominal  somites  together  mt^aanre  one  inch  and  a 
half  long,  and  about  half  an  inch  in  breadth,  whilst  the  spines  are 
fully  half  an  inch  long,  or  possibly  a  little  more.  The  median  spine 
is  the  most  robust,  and  is  three  sixteenths  of  an  inch  broad  at  its 
base ;  there  is  no  trace  of  surface  ornamentation.  Another  spe- 
cimen (Plate  XXITI.  fig.  3)  exhibits  four  of  the  body-segments  and 
the  central  spine  of  the  tail,  giving  a  total  length  of  one  inch  and 
three  quarters,  of  which  the  spine  measures  three  fourths  of  an 
inch.  This  individual,  in  the  process  of  fossilization,  has  been 
crushed  sideways,  and  indicates  that  the  form  of  the  somites  was 
not  cylindrical,  as  usually  supposed,  but  each  segment  had  a  broad 
epimeral  border,  quadrate  in  form  and  slightly  produced  at  its 
latero-posterior  angles,  reminding  one  of  the  somites  in  the  abdo- 
men of  the  Decapoda.  This  structure  is  an  interesting  advance  in 
these  old  PhyUopods,  because,  so  far  as  we  know,  it  does  not  exist 
in  the  allied  genus  Ceratiocaris,  and  is  not  known  in  the  recent  re- 
presentative Nehalia, 

Loc.  and  Horizon.  Dddel  Water,  half  a  mile  below  New  Castleton, 
Boxburghshire ;  in  the  Cement-stone  group  of  the  Calciferous  Sand- 
stone series. 

CoU.  Geol.  Survey  of  Scotland. 

Collector,  Mr.  A.  Macoonochie. 

DiTHYBOCABis,  sp.  ind. 

Obs.  One  specimen  and  its  counterpart,  not  included  amongst  the 
foregoing,  and  very  much  compressed,  consists  of  two  bodies  and 
tails  and  one  carapace.  The  latter  has  no  trace  of  the  ornamented 
border  of  2>.  testudineus,  and  the  tail-spines  are  very  much  shorter 
than  many  of  the  specimens  previously  referred  to;  one  seven, 
another  seven  and  a  half,  and  again  another  only  six  lines  long. 
It  is  not  improbable  that  these  remains  may  represent  a  species 
near  D.  granulata,  Woodw.  &  Eth.* 

Loe.  and  Horizon,  Liddel  Water,  half  a  mile  below  New  Cas- 
tleton, Boxburghshire ;  in  the  Cement-stone  group. 

Coll.  Geol.  Survey  of  Scotland. 

ColUctor.  Mr.  A.  Macconochie. 

3.  On  Lower  Cabbonipbbous  Specees  op  Ajstsrjlpajjemov. 
Since  the  description  of  Anihrapajl<xmon  ?  Woodwardi,  mihi,  ap- 
peared, the  species  has  been  met  with  at  three  other  localities  in  the 
Lower  Carboniferous  area  of  the  south  of  Scotland ;  in  each  case  the 
fortunate  finder  has  been  Mr.  Macconochie.  The  Cement-stones  of 
Boxburghshire  have  yielded  this  peculiar  form  in  some  abundance, 
and  in  a  fine  state  of  preservation,  accompanied  by  the  remains  of 
an  allied,  although  larger  and  quite  distinct,  species,  which  I  have 
much  pleasure  in  describing  as  A,  Macconochii,  after  its  discoverer. 
*  Geol  Mag.  1674,  i.  tab.  5.  figs.  2  &  S. 
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It  will  be  witbin  the  recollection  of  those  interested  that  the  type 
specimen  of  A.  Woodwardi,  found  by  Mr.  James  Bennie  at  Belhayen 
Bay,  near  Dunbar,  was  in  any  thing  but  a  good  state  of  preserration, 
contained  in  an  ironstone  nodule.  Mr.  Macoonochie's  specimens,  on 
the  other  hand,  are  in  a  Cement-stone,  and  are  preserved  in  a  par- 
ticularly good  state  for  examination  ;  they  wiU  enable  me  to  define 
the  species  in  a  much  more  accurate  manner,  to  make  a  few  correc- 
tions in  my  former  description,  and  several  additions. 

The  second  species,  A,  Macconochii,  of  which  the  remains  are 
abundant,  is  manifestly  so  different  from  A,  Woodufordi^  although 
allied  to  it,  as  well  as  from  the  other  species  of  the  genua,  A.  Gro^- 
Borti^  Salter,  A.  dubius^  Prestwich,  A.  Husselliantts^  Salter,  and 
A.  ?  ffracilisy  Meek  and  Worthen,  that  I  do  not  hesitate  to  designate 
it  by  a  distinct  name.  The  following  is  a  detailed  description  of  the 
two  species. 

Anthbapal^smon  "Woodwakdi,  R.  Etheridge.     (PI.  XXTTI.  figs.  4-9.) 

Anihrapalaemon  Woodwardi^  K.  Eth.  Quart.  Journ.  Geol.  Soc  1877, 
xxxiii.  p.  872,  t.  27. 

Sp,  char.  Carapace  oblong,  narrowing  towards  the  anterior  part, 
and  divided  into  two  unequal  portions  by  the  cervical  groove,  the 
posterior  being  the  largest ;  relative  convexity  unknown.  Anterior 
lateral  margins  not  spinous  and  without  serrations ;  posterior  lateral 
angles  rounded ;  posterior  margin  concave.  Cervical  groove  strongly 
marked  and  widely  V-shaped.  Middle  line  of  the  carapace  occu- 
pied by  a  strong  ridge  continuous  with  the  rostrum  and  extending 
to  the  posterior  margin,  and  flanked  on  each  side  by  a  straight  or 
slightly  curved  lateral  ridge  extending  from  the  cervical  groove  to 
the  posterior  margin.  Like  the  central  one,  these  ridges  are 
minutely  crenulated.  That  portion  of  the  carapace  anterior  to  the 
cervical  groove  is  crushed,  and  cannot  satisfactorily  be  made  out ; 
but  it  was  undoubtedly  produced  into  a  rostrum  continuous  with  the 
central  line  of  the  carapace,  and  narrowing  rapidly  towards  the 
front.  Flagella  of  the  antennse  bent  obtuBcly  outwards,  of  nume- 
rous minute  subdivisions.  Antennse  having  a  peduncle  or  protopo- 
dite  of  four  segments,  and  terminating  in  two  slender  filamentous 
whips.  First  pair  of  chelate  appendages  probably  present,  small, 
elongate.  Eyes  large  and  reticulated.  Abdominal  segments  (as  in 
the  generic  character)  six  in  number,  with  pointed  plenr»  and  a 
well-marked  central  line  extending  throughout  their  whole  length, 
and  corresponding  with  the  central  ridge  of  the  carapace ;  articular 
area  small,  but  distinctly  visible,  defined  by  a  small  transverse  ridge 
on  each  segment.  Telson  primarily  consisting  of  a  central  hastiform 
plate,  flanked  on  each  side  by  two  lateral  caudal  swimming-lobes, 
which  arise  from  and  are  articulated  to  the  sixth  segment  of  the 
abdomen. 

Ohs.  The  additional  light  thrown  upon  this  species  by  the  dis* 
covery  of  the  present  specimens  renders  some  alterations  in  my  pre- 
vious description  *  necessary.  On  the  one  hand  certain  statem^ta 
•  Quart  Journ.  C^eol.  Soc.  xxxiii.  p.  872. 
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require  modification,  and  on  tbe  other  some  points  are  in  need  of 
enlargement.  For  instance,  the  posterior  lateral  angles  are  rounded 
(Plate  XXIII.  figs.  5  &  6),  and  not  angular,  as  previously  stated, 
although  there  are  one  or  two  individuals  in  which  they  so  appear ; 
I  have,  however,  satisfied  myself  that  this  appearance  is  super- 
induced, as  the  angularity  must  arise  from  pressure  in  some  parti- 
cular direction.  The  figure  of  the  type  specimen*  from  Belhaven 
Bay  showed  the  central  ridge  only,  and  a  lateral  one  on  each  side 
of  it,  although  when  I  came  to  examine  it  again,  hy  the  aid  of  the 
more  recently  discovered  specimens,  I  found  ihat  there  did  exist  the 
remains  of  an  extension  of  the  carapace  on  the  left-hand  side,  he- 
jond  the  marginal  line  represented  in  the  figure  as  the  lateral 
border ;  this  marginal  line  will  therefore  represent  a  second  ridge 
which  is  seen  between  the  secondary  ridge  and  the  lateral  margins 
on  the  carapace  of  some  of  the  present  specimens,  and  which  pro-r 
bably  represents  the  incurved  border  of  the  carapace  showing  through 
its  structure. 

Nothing  satisfactory  in  connexion  with  the  antennsB  or  antennules 
eould  be  made  out  in  the  type  specimen ;  this  deficiency  we  are 
now  able  to  supply.  The  form  and  position  of  these  organs  quite 
support  Dr.  H.  Woodward's  view,  that  the  organs  in  question  did 
not  differ  essentially  in  position  or  form  firom  those  usucdly  found  in 
the  Macrura.  This  opinion  was  expressed  by  Dr.  H,  Wcidward  in 
opposition  to  the  views  held  by  the  late  Mr.  Salter,  who  believed 
the  antennules  to  be  long  and  simple,  and  placed  within  the  bifid 
antennse  f. 

The  peduncles  of  the  antennee  are  not  distinctly  preserved ;  the 
flagella,  however,  are  bent  obliquely  outwards,  and  are  composed  of 
email  numerous  joints ;  for  their  size  they  are  tolerably  broad  at 
their  bases  and  taper  gradually.  The  peduncles  of  the  antennules 
consist  of  three  elongated  joints  directed  forwards,  and  terminating 
in  two  tapering  setiform  flagella  composed  of  numerous  well-marked 
joints ;  they  diverge  nearly  at  right  angles  from  one  another. 

We  still  need  accurate  information  about  the  rostmm  of 
A.  Woodwardi.  Its  position  was  tolerably  well  defined  in  the 
specimen  from  Belhaven  Bay,  now  confirmed  in  one  or  two  of  the 
present  specimens;  but  not  in  one  can  I  definitely  ascertain  the 
presence  of  serrations  along  its  course. 

The  crushed  condition  of  the  present  specimens  would  not  lead  us 
to  expect  any  very  marked  trace  of  the  eyes ;  but,  notwithstanding 
this,  it  is  just  possible  that  a  certain  rounded  outline  on  one  side 
of  one  of  the  specimens  (PL  XXIII.  ^g.  5,  a)  may  be  one  of  the  eyes, 
especially  as  there  is  a  dim  trace  of  faceting.  I  may  state  that 
Pr.  Woodward  is  inclined  to  this  view. 

Hitherto,  so  far  as  I  know,  no  trace  of  eyes  has  been  observed  in 
Anihrapalcemwi.  Messrs.  Meek  and  Worthen  imagined  they  had 
detected  X  them  in  one  of  their  examples  of  ^.  ?  gracilis,  M.  &  W., 
from  Grundy  County,  Illinois;  but  more  complete  specimens  § 

»  Loc.  eit,  t.  27.  f.  3  &  3  a.  t  Trans,  Qeol.  Soc.  Glasgow,  ii.  p.  246. 

t  DlinuiB  Geol.  Surrey  Beport,  L  p.  407,  §  Ibid,  iii.  p.  564. 
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showed  these  supposed  eyes  to  be  only  the  bases  of  the  anten- 
nules. 

Id  the  type  specimen  the  ridges  of  the  carapace  did  not  exhibit 
any  traces  of  ornamentation ;  it  is,  however,  now  quite  dear  that 
they  were  finely  crenulated  in  a  highly  ornamental  manner.  In 
the  larger  species  from  Eoxburghshire,  which  I  have  called 
A,  Macconochiij  the  cervical  furrow  is  very  strongly  marked ;  but 
in  A.  Woodwardi,  so  far  as  the  remains  at  our  disposal  enable  us 
to  judge,  it  is  not  so,  except  in  one  or  two  individuals. 

The  little  object  which  I  have  called  the  first  chelate  appendage 
is  not  so  satisfactory  in  its  appearance  as  either  the  antenn»  or 
antennules ;  nevertheless  it  is  in  the  right  position,  and  has  assumed 
more  or  less  the  form  of  this  organ;  I  may  add  that  Dr.  H. 
Woodward  agrees  with  me  in  this  reference.  There  extends 
through  the  centre  of  the  body,  longitudinally,  a  semiobHterated 
dark  line. 

In  their  final  description  of  the  American  A.  ?  grtuSLiSy  Messrs. 
Meek  and  Worthen  mention  and  figure  what  they  call  s^mentary 
structure  within  the  carapace  *.  A  division  into  segments  probably 
similar  to  this  is  met  with  in  one  or  two  of  our  specimens  (PI.  XXUI. 
^g,  8).  In  one  in  particular  there  are  no  less  than  six  of  these 
visible  within  the  crushed-down  carapace ;  in  another  individual  there 
are  five. 

Decided  traces  of  ornamentation  are  not  preserved,  although  in 
one  specimen  indications  of  small  tubercles  are,  I  think,  traceable 
anterior  to  the  cervical  groove. 

In  his  original  description  of  AnihrapalcemGn  Orossarti  Mr.  Salter 
described  the  pleursB  of  the  first  thoracic  segment  as  abbreviated ; 
but  in  A,  Woodwardi  I  have  not  been  able  to  detect  such  a  cha- 
racter, nor,  in  fact,  any  appreciable  difference  from  the  other 
segments. 

I  am  sorry  not  to  be  able  to  give  farther  details  of  the  thoracic 
appendages,  for  they  are  in  a  still  less  satisfactory  state  than  in  the 
Belhaven  original.  The  greatest  number  discernible  in  any  one 
specimen  is  five ;  it  is,  however,  quite  evident  from  the  condition  of 
the  fossils  that  in  this  case  they  are  not  all  preserved. 

The  description  of  the  caudal  appendages  given  in  my  former 
account  of  this  species  appears  to  be  correct,  so  far  as  it  goes ;  I 
think  it  not  unlikely,  however,  that  the  construction  of  the  tail 
was  more  complicated  than  at  first  supposed,  although  there  is  no 
trace  preserved  of  the  very  detailed  composition  e:dubited  by  the 
tan  of  u4.?  gracilis,  M.  &  W.  : 

A.  Woodwardi  must  have  lived  in  numbers  together,  for  at  two 
localities  its  remains  are  found  in  large  colonies.  At  one  locality, 
near  Dunse,  only  one  individual  was  net  with  sufficiently  well 
preserved  for  examination ;  but  the  dark  buff  shale  was  full  of  frag- 
ments. At  one  of  the  localities  in  Boxburghshire  it  is  perhaps  even 
still  more  common ;  for  pieces  of  ,the  cement-stone  in  which  it  is 
found  are  literally  crammed  with  the  flattened  and  confused  remains. 
*  Ulinoia  G«ol.  R^ort,  iii.  p.  654,  f.  a. 
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Affinities  and  Differences. — From  AnihrapalarnKm  Orossarti 
Baiter  *,  the  present  species  may  be  distinguished  by  the  presenoe 
of  supplementary  ridges  on  the  carapace,  and  by  the  continuation 
of  the  central  ridge  as  far  backward  as  the  posterior  margin  of  the 
carapace.  It  is  also  probable  that  the  absence  of  serrations  along 
the  anterior  lateral  margins,  and  of  a  spine  at  the  anterior  angles, 
will  be  found  to  be  distinctive. 

From  A,  dubius,  Prestwich  t,  our  Lower  Carboniferous  form  is 
separated  by  the  presence  of  an  additional  ridge  on  each  half  of 
the  carapace,  and  the  absence  of  the  serrate  margins  to  the  latter. 

The  number  of  ridges  which  traverse  the  carapace  from  back  to 
front  at  once  serve  as  a  distinctive  charact-er  between  A,  Rassellianus, 
Salter  t,  and  A,  Woodwardi,  There  does  not  either  appear  to  be 
any  trace  in  the  latter  of  the  deep  row  of  punotations  representing 
the  cervical  furrow  of  the  former  species. 

The  last  species  with  which  we  have  to  compare  our  form  is 
A.  ?  gracilis^  Meek  and  Worthen  §  ;  but  I  think  the  truncated  pos-  , 
terior  margin  and  serrated  lateral  edges  will  be  sufficient  to  separate 
the  two  species,  to  say  nothing  of  the  more  complex  tail  of  the 
American  form,  or  of  the  entire  absence  of  all  supplementary  cara- 
pace-ridges. It  becomes  a  question  if  the  American  species  can  be 
retained  in  the  genus  Anthrapalcemon,  when  we  take  into  con- 
sideration the  diversity  which  exists  between  its  telson  and  that  of 
the  type  species  as  described  by  Mr.  Salter. 

The  affinity  of  A.  Woodwardi  with  either  of  the  foregoing  species 
ia  not  a  very  strong  one ;  but  in  the  presence  of  the  continuous 
central  ridge  of  the  carapace  and  of  the  supplementary  lateral 
ridges  it  approaches  A.  dubius,  Prestwich,  and  the  next  form  to  be 
described,  A.  Maeeonochii, 

Lac,  and  Horizon,  Many  specimens  were  found  in  a  Cement- 
stone  in  the  Liddel  Water,  half  a  mile  below  New  Castleton,  Eox- 
bnrghshire ;  a  single  example  was  met  with  (accompanied  by  Spi^ 
rorbis)  in  shale  in  the  Tweeden  Burn,  near  the  head  of  Tweeden 
Plantation,  near  New  Castleton  ;  a  third  specimen  was  found  in  soft 
shale  in  a  glen  at  Mains,  eight  miles  N.N.E.  of  Coldstream  ;  and, 
lastly,  one  tolerably  perfect  example  and  many  fragments  occurred 
in  a  soft  clayey  shale  on  the  Blackadder  Water,  near  Pathhead 
Mill,  about  two  and  a  half  miles  S.  of  Dunse,  Berwickshire.  The 
horizon  of  the  whole  of  these  beds  is  that  of  the  Cement-stone,  or 
Upper  Group  of  the  Calciferous  or  Lower  Carboniferous  series 
(  sssTuedian). 

Coll.  Geol.  Survey  of  Scotland. 

Collector.  Mr.  A.  Macconochie. 

AHTHKAPAUEaiON  Macconochu,  sp.  nov.     (PI.  XXIII.  fig.  10.) 

Sp,  char.     Carapace  more  or  less  oval,  terminating  posteriorly 

*  Quart.  Joum.  Geol.  8oc.  xrii.  pp.  530,  631,  f.  1-4. 

t  Jpus,  Trans.  (Hoi.  Soo.  2Dd  ser.  v.  1 45.  f.  9.  AnthrapaUemon,  Salter,  loc. 
cit.  pp.  631,  532,  f.  6-7  6.  \  Loc.cil,  ^-  P-  ^^»  f- 1»  2. 

}  filinois  GeoL  Eep.  ii.  p.  407,  t.  32.  f.  4a-c. 
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in  two  strong  incnnred  spines ;  anterior  margin  concave,  produced 
into  a  central  rostmm  or  mucro;  posterior  margin  also  concaye, 
but  in  an  opposite  direction  to  the  anterior.  Soiface  divided  into 
two  very  unequal  parts  by  a  wide  and  well-marked  cervical  groove, 
the  anterior  portion  being  much  the  smaller.  The  lateral  margins 
anterior  to  the  cervical  groove  are  finely  and  obtusely  serrate,  and 
terminate  forwards  in  small  short  spines ;  posterior  to  the  groove 
the  margins  become  thickened  and  are  horizontally  crenulate,  the 
crenulations  having  their  convexities  directed  backwards.  The 
central  line  of  the  carapace  is  occupied  by  a  thickened  dorsal  ridge 
continuous  from  the  posterior  margin  forwards  to  the  cervical 
groove,  and  thence  connected  with  the  anterior  mucro.  Pro- 
ceeding from  the  posterior  incurved  spines  of  the  carapace  are  two 
almost  median-lateral  thickened  ridges,  which  gradually  curve 
outwards  as  they  approach  the  cervical  groove,  where  they  ter- 
minate. All  the  ridges  present  on  the  carapace  are  similarly 
•ornamented  to  the  posterior  portion  of  the  lateral  margins.  The 
cervical  groove  appears  to  have  a  branch  on  each  side  directed 
towards  the  antero-lateral  spines.  The  rostrum  or  mucro  is  tapering 
and  pointed.  On  each  side  of  the  central  ridge  on  that  portion  of 
the  carapace  anterior  to  the  cervical  groove  are  two  circular  blunt 
eminences,  abutting  on  the  anterior  branch  of  the  former.  Body- 
segments  and  appendages  unknown. 

Ohs.  A  very  marked  appearance  is  given  to  this  fossil  by  the 
strongly  developed  carapace-ridges,  with  their  crenulated  strife,  the 
elongated  and  incurved  posterior  angles,  and  the  deq>ly  concave  pos- 
terior margin  of  the  carapace.  Again,  the  broad  and  deep  cervical 
groove  is  another  feature  to  be  noted,  quite  interrupting,  as  it  does, 
the  continuity  of  the  central  carapace-ridge  with  the  rostrum ;  it 
must,  however,  be  remembered  that  perhi^  the  preservation  of  the 
integument  would  considerably  lessen  this  appearance. 

Omitting  from  consideration  the  presence  of  the  cervical  groove 
and  rostrum,  the  general  aspect  of  this  species  is  very  Dithyro- 
caroid  ;  so  much  so,  that  until  I  had  carefully  studied  the  spedmena, 
I  was  inclined  to  refer  them  to  that  genus. 

In  no  case  is  the  true  integument  preserved ;  but  the  substance 
of  the  crustacean  is  converted  into  a  soft  white  pulverulent  sub- 
stance, requiring  the  application  of  some  mucilaginous  material  fmr 
its  preservation  in  the  cabinet. 

The  average  size  of  A.  Mac4sonoehii  is  about  eight  lines  from  the 
tip  of  the  rostrum  to  a  line  drawn  between  the  two  posterior 
angles,  and  the  breadth  five  lines;  one  specimen  measures  ten 
lines  by  seven,  and  there  are  the  mutilated  remains  of  still  larger 
individuals.  The  smallest  example  is  three  and  a  half  lines  long  by 
two  and  a  half  broad,  and  very  well  illustrates  the  complete  dissimi- 
larity of  the  species  from  the  preceding,  A,  Woodwardi,  conclusively 
showing  that  one  cannot  be  assumed  to  be  the  young  or  immature 
form  of  the  other.  There  appears  to  be  little  variation  amongst  the 
specimens  in  the  Survey  collection ;  and,  strange  to  say,  notwith- 
standing the  number  of  individuals  on  some  pieces  of  cement-stone 
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dostered  together,  there  is  an  entire  ahsence  of  body-segments,  tail- 
spines,  or  appendages. 

Affinities  and  Differences, — The  backward  prolongation  of  the 
lateral  margins,  the  absence  of  the  additional  carapace-ridges,  and 
other  minor  features  at  once  distinguish  A,  Macconochii  from 
A.,  Woodwardi, 

In  the  serrate  and  crenulate  lateral  margins  the  present  species 
resembles  A.  Orossarti  and  A.  duhius.  It  differs  from  the  first  of 
these,  howeyer,  by  the  posterior  extension  of  the  central  ridge  of  the 
carapace,  the  presence  of  supplementary  ridges,  and  the  strongly- 
marked  cervical  furrow ;  but,  like  A.  Grossarti,  it  has  spines  at  the 
anterior  angles  of  the  carapace. 

There  is  a  marked  similarity  between  A.  Macconochii  and 
A.  dubius,  Prestwich,  in  the  division  of  the  carapace  into  two  parts 
by  the  strongly  marked  cervical  groove,  the  continuity  of  the 
central  ridge,  the  presence  of  supplementary  ridges  (or  rather 
furrows  in  A.  dtdiius),  and  the  serration  or  crenulation  of  the  entire 
lateral  margins.  On  the  other  hand,  in  A,  duhius  the  anterior 
angles  of  the  carapace  are  not  produced  into  spines,  and  the 
incurved  posterior  angles  of  A,  Mac<^nochii  are  absent. 

In  A.  liussellianus^  Salter,  the  form  of  the  carapace  is  quite  dif- 
ferent, as  also  is  the  character  of  the  rostrum,  from  what  we  find 
them  in  the  species  under  consideration.  The  cervical  furrow  in 
the  latter  is  continuous,  and  not  represented  by  a  row  of  deep 
punctations.  It,  however,  resembles  A.  Russellianus  in  the  serrated 
lateral  margins. 

It  is  hardly  necessary  to  compare  our  form  with  A.  ?  gracilis^ 
Heek  and  Worthen,  although  it  will  be  seen  that  the  latter  (Offers  in 
the  truncation  of  the  carapace  before  and  behind,  the  small  part  of 
the  lateral  margin  which  is  serrate,  in  the  absence  of  supple- 
mentary ridges,  &c. 

Horizon  and  Locality.  From  a  Cement-stone  on  the  Tweeden 
Bum,  near  the  head  of  Tweeden  Plantation,  by  New  Castleton, 
Eoxburghshire.  Cement-stone  group  of  the  Lower  Carboniferous 
series. 

Coll.  Geol.  Survey  of  Scotland. 

Collector.  Mr.  A.  Macconochie,  after  whom  the  species  is  named. 


EXPLANATION  OF  PLATE  XXIH. 

Fig.  1.  Dithyrocaris  testudineus,  Scouler.  Two  half  carapaces  in  apposition, 
and  the  outline  restored:  nat.  size.  Tweeden  Bum,  near  New 
Castleton. 

2.  DithyrocariSy  sp.  ind.  Abdominal  somites,  tail-spines :  nat  size.   liddel 

Water,  near  ditto. 

3.  Ditkifrocaris,  sp.  ind.    Abdominal  somites  &c,  crushed  sideways,  with 

an  epimeral  border  and  the  central  tail-spine :  nat.  size.    Liddel 
Water,  ditto. 

4.  AnthrapaUtmon  Woodwardi,  B.  Eth.    Showing  the  ^neral  characters 

of  the  species,  including  the  eyes  (restoiid)  and  the  first  pair  of 
chelate  appendages :  X  7.    liddel  Water,  near  New  Castleton. 
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Fig.  6.  The  same.  A  half  side  Tiew  of  another  speoiiiien,  with  four  of  the  legi, 
anteniue,  antennulefi,  and  one  of  the  eyee,  a  (in  situ) ;  the  chambers  for 
the  reception  of  the  branchite  are  also  risible  through  the  carapace : 
X  6.    Liddel  Water,  near  New  Oatleton. 

6.  The  same.    A  side  riew,  showing  the  form  of  the  carapace  and  the 

pointed  plearse :   X  5|.    Liddel  Water,  as  before. 

7.  The  same  ?,  probablj  the  Megatops  condition :   X  12.    Liddel  Water, 

as  before. 

8.  The  same,  showing  the  '*  segmentation  **  within  the  carapace,  caused  bjr 

the  divisions  of  the  branchial  chambers,  &c. :   X  5^.    Liddel  Water, 
as  before. 

9.  The  antennas,  antennules,  eje,  &c,  enlarged,  from  fig.  5. 

10.  AnthTapal(tnum  Afacconochii,  B.  £th. :  X  2.      Tweeden  Bum,  near 
New  Castleton. 


DiSCUSSIOK. 

Dr.  Woodward  pointed  out  that  the  discoveries  of  the  Author  had 
carried  the  Macmrous  Decapod  Crustacea  far  lower  down  in  the 
geological  series  than  they  had  before  been  found.  He  hckd  himself 
examined  a  species  of  Macrurous  Crustacean  from  the  Carboni- 
ferous Limestone. 

Bey.  J.  E.  Blaeb  asked,  if  the  legs  were  six  in  number  and  the 
animal  had  sessile  eyes,  what  were  the  grounds  on  which  it  was 
classed  as  a  Decapod. 

The  Author  replied  that  there  is  no  certain  evidence  in  the  speci- 
mens as  to  the  number  of  legs,  or  as  to  whether  the  eyes  were 
sessile  or  pedunculated ;  the  former  are  fragmentary  and  the  latter 
crushed. 
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27.  On  the  Shukiak  Dmtbict  of  Rhtmket  an^  Phw-t-lah,  Cakdipf. 
By  W.  J.  SoLLAs,  Esq.,  M.A.,  F.G.S.,  Lecturer  on  Geology,  Uni- 
yersity  College,  Bristol,  and  Curator  of  the  Bristol  Museum. 
(Read  April  9, 1879.) 

[Plate  XXIV.] 

The  occurrence  of  rocks  containing  typical  Silurian  fossils  at  several 
places  near  Cardiff,  and  over  an  area  mapped  as  Old  Bed  Sandstone 
by  the  Geological  Survey,  was  first  brought  to  my  notice  by  my 
fnends  Captain  J.  Carne  Boss,  F.G.8.,  and  Mr.  W.  H.  Harris,  of 
Cardiff.  This  was  in  the  autumn  of  1875;  and  as  I  was  then 
commencing  a  stay  of  six  months  at  Cardiff,  I  was  able  to  accompany 
my  friends  to  the  sections  they  had  discovered,  and  to  confirm  their 
observations. 

Mr.  Boss  and  myself  then  devoted  ourselves  to  a  careftd  study  of 
the  neighbourhood,  with  the  intention  of  writing  a  joint  paper  on 
t^e  subject ;  but  when  we  had  made  a  considerable  advance  in  our 
work,  Mr.  Boss  removed  to  a  distant  part  of  the  country,  and  I  was 
left  (much  to  my  regret)  to  complete  the  paper  without  his  aid.  My 
friends  Messrs.  E.  Jones  and  T.  Jones,  P.G.S.,  both  of  Newport,  and 
Messrs.  W.  H.  Harris  and  J.  Storrie,  of  Cardiff,  came,  however,  to 
my  assistance ;  and  to  them  I  am  indebted  for  many  valuable  sug- 
gestions and  for  the  dearing-up  of  many  doubtful  and  difficult 
points. 

ffistory. 

The  whole  of  the  district  I  am  about  to  describe  is  coloured  as 
Old  Bed  Sandstone  on  the  maps  of  the  Geological  Survey ;  but  that 
Silurian  rocks  exist  at  Pen-y-lan  hill  and  in  its  neighbourhood  was 
made  known  so  long  ago  as  1861  by  Norman  Glass*,  who  collected 
a  number  of  fossils  from  the  Pen-y-lan  quarry,  and  sent  them  for 
determination  to  Sir  Boderick  Murchison  and  Mr.  Salter.  A  list  of 
these  fossils  was  drawn  up  by  Mr.  Salter,  and  the  beds  were  assigned 
to  the  Wenlock  series.  Mr.  Bevan,  F.G.S.,  next  examined  the 
district,  and  published  a  paper  upon  it,  to  which,  however,  I  have 
not  succeeded  in  obtaining  a  reference.  Mr.  Etheridge  tells  me  that 
Mr.  Aveling  also  has  paid  a  visit  to  Pen-y-lan ;  but  no  record  of  his 
observations  appears  to  have  been  published.  I  am  not  aware  that 
any  other  literature  exists  on  the  subject. 

Oeographical  Distribution, 

The  alluvial  plain  on  which  Cardiff  is  situated  extends  northwards 
to  the  edge  of  the  old  Palseozoic  tableland  of  South  Wales,  and 
meets  it  along  a  line  extending  from  Llaudaff  railway- station  on 
the  west  to  Bhymney  bridge  on  the  east.  Prom  this  line  to  the 
southern  escarpment  of  the  limestone  of  the  Coal-basin  the  table- 
land rises  gently  to  the  north,  and  is  cut  up  by  three  transverse 
•  'The  aeologiat,'  1861,  p.  168. 
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streaxnB  into  a  number  of  long  hilly  ranges  mnning  north  and  sonth. 
The  streams  are  the  river  Taff,  the  river  Khymney,  and  a  small  feeder 
of  the  latter,  which,  from  one  of  its  branches,  we  may  designate  as 
the  Nant  Mawr.  The  hilly  ranges  consist  wholly  of  Old  Red  Saxid- 
stone,  except  at  their  southern  terminations,  which  are  composed  of 
the  Silurian  rocks  under  description.  The  Silurian  strata  east  of 
the  Bhymney  extend  northwards  from  the  Rhymney  bridge  to  a  line 
joining  the  village  of  Rhymney  on  the  west  with  that  of  Croai 
Dow  ton  on  the  east.  Between  the  Rhymney  and  Nant  Mawr 
the  Silurian  composes  the  hUls  south  of  a  line  which  commences 
west  of  Ce&i  Coed,  continues  parallel  to  and  north  of  the  stream 
flowing  past  liwyn-y-grant-uchaf,  and  ends  in  the  road  leading 
from  Pen-y>lan  to  Lanedem.  Between  Xant  Mawr  and  the  Taff 
the  country  south  of  Heath  Farm  is  completely  covered  over  by 
coarse  gravels  and  shingles,  which  conceal  every  trace  of  the  under- 
lying rocks  except  at  one  or  two  points  where  they  have  been  cat 
through  by  the  Rhymney  railway.  Silurian  rocks  are  thus  exposed 
as  far  north  as  the  spot  marked  Starting  House  on  the  Ordnance 

Fig.  1. — Oeohgieal  Sheleh  Map  of  the  Cardiff  Silurian  DitiriH. 
(Scale,  1  inch  to  a  mile.) 


map ;  and  there  can  be  little  doubt  that  they  form  the  southern  half 
at  least  of  the  hill  on  which  Heath  Farm  is  situated,  and  probably 
extend  still  further  west.  A  careful  search  for  them  in  the 
embankment  at  Llandaff  railway-station  revealed,  however,  nothing 
but  river-gravels,  made  up  chiefly  of  Old-Red  and  Carboniferous 
fragments,  with  an  occasional  pebble  of  doubtful  Silurian  age. 

The  three  districts  thus  indicated  constitute  together  a  single  and 
continuous  area,  which  extends  from  the  Starting  House  on  the  west 
to  a  little  beyond  Cross  Dowton  on  the  east  (a  distance  of  about 
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2f  miles),  and  from  a  poiat  north  of  Ll^a-y-grant-aobaf  to 
Ty-j-cyWy  near  Boath,  on  the  south  (a  distance  a  little  over  a 
mile  and  a  qoarter).  Besides  this  area  there  is  another,  which  I 
have  not  jet  mentioned,  lying  a  little  to  the  north  of  it,  and  which 
extends  as  a  narrow  hand  (one  sixth  of  a  mile  wide)  from  Cefn- 
coed-isaf  on  the  west  to  near  Pen-twyn  on  the  east,  a  distance  of  a 
mile  and  a  quarter. 

General  Structure. 

Pen-y-lan^^.  2). — ^The  southern  side  of  Pen-y-lan  hill  commences 
rising  from  the  hordering  alluvial  plain  with  a  very  gentle  slope,  owing 
to  the  soft  and  easily  decomposahle  nature  of  the  red  Silurian  shales 
and  sandstones  of  which  it  is  composed.  These  are  exposed  in  a 
ditch  on  the  right-hand  side  of  the  road  going  up  the  hill,  and  are 
there  seen  to  dip  from  the  N.E.  towards  the  S.W.  After  a  while 
the  slope  hecomes  a  little  steeper  and  harder  grits  hegin  to  appear. 

Fig.  2. — Diagrammatic  Section  from  Ty-y-eyw  to  Coed-y-gorea. 
(ScalCi  2  inches  to  a  nule.) 

0.8.W.  NJVA 

Cofti-Ooed* 
Peii-7-Ua  Llwyn-y-cnuit-  ooed-     y- 

HooM.  aotui.  iaat  gores. 


•  4  0  4  0 

a,  GniTel.  e.  Old  Bed  Sandstone. 

d,  Silurian.  e.  Bbymney  grit? 

still  keeping,  however,  a  dip  to  the  south,  till  just  within  twenty- 
five  yards  south  of  Pen-y-lan  House  the  dip  clumges  and  turns  over 
towards  the  north.  Accurate  measurements  made  in  a  ditch  on  the 
left-hand  side  of  the  road  give  a  strike  of  60°  to  70°  W.  of  N.,  with 
a  dip  first  of  30^  to  the  south  and  then  of  25°  to  the  north. 

Thus  the  hill  is  traversed  hy  &n  anticlinal  axis  running  from 
W.N.W.  to  E.8.E.,  the  beds  to  the  south  of  it  dipping  southwards, 
and  to  the  north  northwards.  The  northward  dip  continues  as  we 
proceed  to  the  north-east,  higher  and  higher  beds  of  the  Silurian 
being  successively  introduced  till  the  Old  Bed  Sandstone  beds  are 
reached.  The  dip  then  rapidly  changes ;  and  at  the  point  marked 
on  the  Ordnance  map  by  an  arrow,  near  Coed-y-gores,  Silurian  beds 
are  brought  up  by  a  low  anticlinal,  the  axis  of  which  follows  the 
stream  descending  from  Cefn-coed-isaf.  At  Coed-y-gores  itself  the 
Old  Bod  Sandstone  is  typically  present,  as  may  be  seen  in  the  river- 
diffs  washed  there  by  the  Bhymney  ;  it  dips  towards  the  N.E.,  and 
continues  to  do  so  for  some  distance  further  N. 

Rhymney. — On  the  eastern  side  of  the  Bhymney  the  same  arrange- 
ment as  that  just  described  is  to  be  clearly  made  out ;  but  the 
southern  half  of  the  Pen-y-lan  anticlinal,  which  on  the  other  side  of 
the  river  has  snfiered  extensive  denudation,  has  on  this  wholly  dis- 
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appeared,  the  first  beds  met  with  on  crossing  the  Rhymney  bridge 
having  a  northerly  dip  and  corresponding  with  those  on  the  northern 
side  of  the  Pen-y-lan  axis.  The  dip  to  the  north  continues  through- 
out  the  Silurians  on  this  side  of  the  river,  the  Old  Bed  Sandstone 
coming  on  conformably  and  dipping  at  first  in  the  same  direction. 
Its  dip,  however,  is  soon  reversed,  indicating  a  synclinal  fold,  on  the 
axis  of  which  Pen-yr-heol  is  situated.  This  brings  in  the  Silurians 
again  in  a  small  anticlinal  on  which  Pandy  is  situated,  and  which 
corresponds  to  the  fold  on  the  other  side  of  the  river  near  Cefn- 
coed-isaf.  Past  Pandy  the  Old  Bed  Sandstone  again  succeeds  the 
Silurian,  and  is  well  exposed  in  a  quarry  in  Coed-y-cwarel,  where 
it  exhibits  the  same  northward  dip  as  the  Silurians  on  the  north  side 
of  the  Pandy  anticlinal. 

The  following  section  (Rg,  3)  illustrates  the  structure  of  the 
southern  end  of  the  Ehymney  range  of  hills : — 

Fig.  3. — Diagrammatic  Section  from  Ehymney  Bridge  to  Coed-y- 
cward.     (Scale,  2  inches  to  a  mile.) 

Bhjmney  Pen-yr-  Coed-y- 

Brldge.    -  OaeOMtelL  Bhjmney.       beol.  Fuidy.  ovareL 


•  4  e  4  c 

a,  GraTol.  c.  Old  Bed  Sandstone.  d,  Silurian. 

From  the  foregoing  description,  which  is  founded  on  a  large 
number  of  careful  measurements  of  "dips  and  strikes,"  one  sees  that 
the  rocks  of  our  area  have  been  folded  from  N.N.E.  to  S.S.W.  into 
a  series  of  folds  trending  from  W.N.W.  to  E.S.E. 

One  must  not  omit  to  point  out,  however,  that  on  traversing  the 
district  from  £.  to  W.  one  discovers  the  existence  of  a  second  set  of 
foldings  at  right  angles  to  the  preceding.  Thus,  on  the  east  of  the 
Bhymney  the  principal  Silurian  strata  dip  to  the  N.N.E.  at  first, 
but  more  to  the  north  the  dip  changes  and  becomes  N.N.W.,  while 
on  the  Pen-y-lan  side  the  dip  of  the  corresponding  beds  is  to  the 
N.E.  or  even  due  E. ;  so  that  the  valley  of  the  Bhymney,  between 
Bhymney  and  Pen-y-lan,  lies  in  the  axis  of  a  synclinal  fold.  Further 
to  the  W.,  again,  the  dip  changes,  at  first  becoming  nearly  due  N.  and 
then  N.  W.,  giving  to  the  hill  which  slopes  from  Pen-y-lan  to  Uwyn- 
y-grant-uchaf  an  anticlinal  structure.  Still  continuing  to  the  west, 
we  once  more  find  a  change  in  dip,  the  beds  now  striking  either  doe 
north  or  a  little  east  of  it.  Thus  the  Pen-y-lan  range  of  hills, 
which  attains  a  greater  height  than  the  preceding,  lies  in  a  wide 
synclinal  fold. 

The  folds  trending  more  or  less  north  and  south  are  much  less 
marked  than  those  trending  east  and  west.    The  existence  of  two 
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intersecting  sets  of « folds,  however,  is  clearly  evident,  and  makes 
itself  inconveniently  felt  in  the  great  irregularity  of  dip  and  strike 
to  which  it  sometimes  locally  gives  nse. 

Succession  of  the  SiXwrian  Strata. 

Unless  the  anticlinal  axis  of  Pen-y-lan  hill  rises  as  it  passes  east- 
wards towards  Rhymney,  the  beds  exposed  in  the  ditch  below  Pen- 
y-lan  House,  on  the  axis  of  this  anticlinal,  must  be  the  oldest  in 
the  neighbourhood,  and  give  ns  therefore  a  convenient  base-line  to 
work  np  from,  the  more  so  as  the  quarry  in  Pen-y-lan  hill  lies  on  the 
line  of  strike  of  the  axis  and  not  far  from  its  exposure  in  the  ditch. 

Pen-^-lan  Quarry. — ^This  will  be  found  in  a  field  on  the  side  of 
Pen-y-lan  hill,  a  little  south  of  the  "y"  in  "Pen-y-lan"  on  the 
Ordnance  Map.  It  exposes  yellowish  and  greenish-grey  mudstones 
and  fine  argillaceous  sandstones,  rather  thickly  bedded,  and  tra- 
versed by  two  sets  of  joints,  which,  together  with  the  bedding- 
planes,  divide  the  rock  up  into  a  number  of  roughly  cubical  blocks. 
These  weather  into  a  spheroidal  form,  and  exhibit  an  incipient  con- 
cretionary structure,  both  concentric  and  radiating. 

The  beds  strike  nearly  W.N.W.,  and  dip  at  an  angle  of  SO*'  to  the 
N.N.E. 

Feeling  dissatisfied  with  my  own  determination  of  the  fossils  I  had 
collected  here  and  elsewhere  in  the  district,  I  submitted  them  all  to 
Mr.  Etheridge,  who  with  great  kindness  prepared  the  lists  which  are 
given  here  and  subsequently  in  the  paper.  I  have  ventured  to  incor- 
porate with  the  fossils  from  Pen-y-lan  those  named  for  Mr.  Norman 
Glass  by  Mr.  Salter. 

Fossils  from  Pen-y-lan, 

(The  range  of  the  Bpeoies  is  not  carried  below  the  Silurian  in  oases  where  they 
descend  into  the  Upper  Cambrian.) 


Uandorery. 

Wenlock. 

Ludlow. 

PetraiaWnis  Ty*n^ 

* 

* 

» 
» 

» 

« 

« 
« 
« 
« 
« 
« 

• 

* 

* 
* 

« 

« 

« 
« 
« 

p^thophyllum  elongatum,  Pkil 

liiTifrala corner.  Aw 

Leptiena  serioea,  Sow 

Rtronhoniena  euirlvDha.  JDolm,    

Spirifer  pucatellus,  j&ffm 

iteiistelCi  tomida,  Da^    

ATifnilA  nlanulatA.  Cont 

Ambonyohia  tumida,  8oU. 
Marchisonia  pulchra,  M^Coy 

Bdlerophon  dilatatus,  fil^to 

1 

Phacops  caudatus,  .5rif»n 

* 

* 

» 

Stolesii,  EdAD 

Ilbenus  barriensis,  Murch 

Calymene  Blumenbachii,  Brongn 

Cbeirurus  bimucronatuB,  3furcA 

£ncrinuruB  punctatii8,Z?7*iiw*i 

aj.G.a.  js  0.139. 
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It  will  be  seen  from  this  list  that  the  beds  belong  to  the  Wenlock 
series,  though  they  have  very  much  of  a  Llandovery  faoies.  The  only 
exdusively  Ludlow  forms  are  Lingula  cornea  and  Acidoipis  coronata ; 
and  the  determination  of  these  rests  on  somewhat  imperfect  sped- 
mens.  On  the  other  hand,  we  may  draw  attention  to  the  great 
abundance  of  Petraia  bina  and  Bncrinurus  punctatus,  together  with 
Leptcena  transversaliSj  and  the  occurrence  of  L^tasna  sericea,  I  do 
not  mention  Murchtsonia  pulchra^  because  its  determination  is  some- 
what doubtful ;  nor  Pentamerus  ohhngus ;  for  though  a  fine  specimen 
of  thb  shell  was  found  in  the  quarry  by  one  of  my  students,  I  have 
not  been  able  to  find  one  myself,  and  had  the  misfortune  to  lose  the 
single  specimen  which  was  presented  to  me.  I  think,  however,  that 
it  will  be  generally  allowed  that,  while  the  beds  are  probably 
Wenlock,  they  must  yet  be  assigned  a  position  near  the  base  of  the 
scries. 

The  next  highest  beds  in  the  series  are  to  be  found  in  the  ditch 
on  the  left-hand  side  going  up  Pen-y-lan  lane.  They  consist  of 
hard  siliceous  grits  and  soft  mudstones.  Leaving  these  we  turn 
down  a  lane  running  parallel  with  and  immediately  north  of  the 
word  **  Pen-y-lan  "  on  the  map,  again  turn  out  of  this  to  the  left, 
into  a  narrow  path  leading  to  a  farm :  here,  in  a  small  cutting,  we 
find  red  or  daret-coloured  fine  argillaceous  sandstone,  striking  65"^ 
W.  of  N.,  and  dipping  at  an  angle  of  27°  to  the  north.  These  beds 
are  quite  unfossiliferous,  and  closely  resemble  many  parts  of  the  Old 
Bed  Sandstone. 

A  little  further,  and  we  come  to  a  quarry  cut  in  a  hard  siliceous 
grit,  which  may  be  better  studied  on  the  other  side  of  the  Bhymncy, 
and  to  which  we  give  the  name  of  the  "  Rh}Tnney  Grit." 

Crossing  now  to  the  Rhymney  ridge,  which  in  practice  must  be 
done  by  continuing  along  the  turnpike  road  from  Boath  towards 
St.  MeUons,  we  first  meet  with  Silurian  beds  on  the  right-hand  side 
of  the  river  after  crossing  the  bridge  over  the  Rhymney,  They  are 
exposed  only  at  low  tides,  consist  of  greyish  mudstones  passing  into 
argillaceous  sandstones,  and  contain  fossils,  of  which  Mr.  Ross  and 
myself  obtained  the  following  species — Petraia  hina^  Strophovntna 
depressa,  Encrinarus pxmctatvts,  Leptama  sertcea,  and  others  too  frag- 
mentary to  determine.  The  strike,  as  well  as  we  could  make  it  out, 
is  55°  W.  of  N.,  and  the  dip  30°  and  towards  the  north. 

These  beds,  then,  correspond  lithologically  and  pakeontologically 
with  those  of  Pen-y-lan  quarry,  and  therefore  in  all  probability 
occupy  the  same  horizon.  Indeed,  there  can  be  no  doubt  about  this, 
since  they  occur  at  just  about  the  same  depth  below  the  character- 
istic Rhymney  grit,  which  we  shall  presently  describe. 

Turning  now  to  the  left  on  crossing  the  bridge,  we  walk  across  a 
grass-grown  tidal  flat  to  the  banks  of  the  Rhymney  below  Cae 
Castell.  Hero  we  meet  with  a  beautiful  diff -section  across  the 
Silurian  beds — only  observable,  it  is  true,  between  tides,  and  g;raaa- 
grown  and  inaccessible  in  places,  but  on  the  whole  displaying  t^ 
scries  admirably.  The  first  bed  we  reach  is  the  Rhymney  Grit,  'whi<i, 
by  a  rough  triangulation,  lies  about  380  feet  above  the  Pen-y-lan 
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beds  exposed  at  the  bridge.  As  this  grit,  however,  is  displayed 
more  ftilly  in  the  Rh3nimey  hill  at  a  point  just  south  of  the  "  a  "  in 
"  Ty-mawr  **  on  the  map,  we  had  better  toko  our  description  of  it 
from  the  latter  place. 

Bhymney  Quarry. — On  entering  the  quarry,  which  is  cut  from 
W.  to  E.  in  the  south  side  of  Rhymney  hill,  one  is  struck  by  the 
massive  appearance  of  its  thick-bedded  sandstones,  which  rather 
suggest  at  first  Old  Bed  Sandstone  than  Silurian  rocks.  They  have 
been  well  quarried  into  for  use  as  road-metal,  for  which  they  might 
be  much  more  extensively  employed,  being  far  better  adapted  for 
that  purpose  than  the  worthless  lias  limestone  which  is  largely  used 
aronnd  Cardiff. 

The  exposed  surface  of  the  beds  rising  from  some  pools  in  the 
quarry  exhibit  beautifiilly  regular  ripple-markings ;  and  in  some 
places  the  sandstone  is  extremely  false-bedded.  Tho  smooth  surface 
<rf  one  exposed  bed  gave  a  strike  of  55°  W.  of  N.  with  a  dip  of  33° 
to  the  NJI.  Large  joint-planes  are  numerous,  and  are  always 
coated  with  red  oxide  of  iron. 

The  following  is  a  section  of  the  beds  exposed,  in  ascending 
order : — 

ft.  in. 

1.  Grey  sandstone,  with  iron-stained  fossils  {GrammyHa  cingulata) 

and  numerous  fragments  of  mineral  charcoal  2    0 

(In  the  lower  part  of  this  bed  is  a  thin  calcareous  band  of 
hloish  colour,  weathering  yellowish  grey,  and  containing  nume- 
rous badly  preserred  foniis.) 

2.  Thin  parting  of  grey-blue  day 

^3.  MassiTe  suiostone,  with  fuooidal  remains,  becoming  flaggy  in  some 

places,  and  showing  ripple-marks,  in  others  passing  into  a  fine- 
mined  conglomerate,  greyish  and  bluish  in  colour  at  top  and 

bottom,  but  rusty  red  in  the  middle ;  altogether  23    6 

4.  Yellow  sandstone  0    1 

6.  Greyish  mudstone 2    4 

6.  Black  tenacious  clay  parting,  with  light  green  spots 0    1 

7.  Massive  sandstone,  becoming  flaggy  in  places ;  light  grey  to  brown    21    5 

8.  Compact  fine-grained,  yellowish,  friable  sandstone,  with  dark-grey 

fucoidal  impressions,  patchra  of  mineral  charcoal,  and  red  iron- 
stained  casts  of  fossils,  chieflv  Lamellibranchs  and  Uniyalres ; 
from  the  prevalence  of  Ctenoaonta  sufntqualis,  it  may  be  termed 
the  *' 0^eMa<2afi/a-sandstone "    2    7 

9.  Grey-grc«n  shales  1    6 

10.  Alternating  compact  and  flaggy  greyish  sandstones 8  10 

11.  Parting  of  blue  shale 0    2 

12.  Alternations  of  compact  and  flaggy  or  laminated  greyish  sand- 

stones        8    0 

ToUl  70    5 

Thus,  in  the  Ehymney  quarry,  we  have  something  like  70  feet  of 
sandstone  beds,  the  lower  40  feet  or  so  being  more  or  less  massive 
in  the  quarry,  though  when  exposed  at  the  surface  they  weather 
into  a  great  number  of  thin  beds.  This  massive  sandstone  or  grit 
consists  of  fine  angular  particles  of  colourless  quartz,  which,  though 
very  firmly  compacted  together,  yet  leave  abundant  interstices,  which 
are  more  or  less  filled  with  brown  or  red  oxide  of  iron.    The  sand* 
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stone  thus  presents  a  prevailing  reddish  tint  when  the  rod  oxide  is 
abundant ;  but  on  minute  inspection  it  is  seen  to  be  really  greyish 
or  colourless,  and  only  speckled  with  red  dots.  This  gives  it  a  very 
characteristic  appearance  ;  and  as  it  is  the  only  bed  traceable  across 
the  country,  we  may  conveniently  g^ve  it  a  distinct  name,  the 
"  Rhymney  Grit  ^  appearing  to  be  the  most  appropriate. 

Mr.  Storrie,  the  Curator  of  the  Cardiff  Museum,  has  prepared  some 
thin  slices  from  one  of  the  sandstone  beds  which  contains  fragments 
of  mineral  charcoal;  and  these  show  under  the  microscope  very 
distinct  woody  structure.  This  fact,  combined  with  the  leaf-like 
form  of  many  of  the  fragments  and  the  spore-like  structure  of  others, 
leads  us  to  imagine  that  we  have  in  this  mineral  charcoal  the  earliest 
known  occurrence  of  terrestrial  plant-remains  in  the  Silurian  series 
of  Europe. 

Tho  fossils  in  the  yellow  sandstone,  or  "  Ctenodonta-hedy'*  which 
occurs  in  a  recess  of  the  quarry  near  the  top  on  the  north  side,  are 
only  found  as  casts.  They  are  very  abundant,  well  defined,  and 
would  repay  a  more  extended  examination  than  I  have  yet  been 
able  to  give  them. 

The  following  is  a  list  of  Mr.  Etheridge's  determinations,  to  which 
I  have  ventured  to  add  one  or  two  of  my  own  making : — 

List  of  FossUs  from  the  Ctenodonta-6tfc?,  Rhymney  Quarry, 


Llan- 
doTery. 

Wenlock. 

Ludlow. 

Ctenodonta  subflsqualis,  iS!9Cf 

« 
« 

« 

« 

« 
« 
« 

» 
« 

» 
« 

Modioloptis  plnty phylla,  Salter 

elevata,  Souas. 

acutiprora,  SoUas, 

Modiola,  sp. 

Holopella  gracilior,  Hf'Coy 

hydropica,  SoUas, 

minuta,  Sollas, 

Murcbisonia  gracilis,  Hall,    Llandeilo. 

elegnns,  Sollas. 

Pterinea  pleuroptera,  Conr.    Caradoc 

,  sp. 

Bellerophon  oarinatiu,  Sow 

CyrtooeraB,  sp. 

Rhy nchonella  nuoula,  Sow 

PilW»iT»ft  IM>g**-tft,  i^/'.     ..........     .. 

Spirorbifl  Lewisii,  Sow 

Polyzoon. 

Fragments  of  plants,  including  Pachy- 
theca  spharicOf  Hooker 

An  examination  of  this  list  appears  to  indicate  Ludlow  rather 
than  Llandovery  affinities,  and  thus  led  me  to  look  for  the  appearance 
of  the  Rhymney  Grit  near  the  top  of  the  river-section  below  Cae 
Castell.  It  was  therefore  with  some  surprise  that,  failing  to  find  it 
there,  I  afterwards  discovered  it  near  the  base  of  that  section.  This 
observation,  however,  cleared  up  the  difficulties  which  the  country 
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had  previously  presented ;  and  I  was  subsequently  able  to  trace  the 
Bhymney  bed  right  across  the  Pen-y-lan  district  to  the  Starting- 
house  on  Heath -farm  hilL  It  forms  a  well-markod  feature  in  the 
country ;  and  quarries  have  been  opened  in  it  at  half-a-dozen  places 
along  its  outcrop. 

In  one  of  these  quarries,  which  occurs  just  on  the  edge  of  Coed- 
tir-Caled,  Mr.  Ross  and  I  observed  false-bedding  as  perfectly  dis- 
played as  by  many  glacial  sands. 

Several  of  the  joint-planes  in  this  quarry  were  polished  and  striated 
with  true  slickensides ;  but  no  trace  of  a  fault  could  be  found.  It  is 
true  that  the  joint-face  was  coated  with  haematite,  and  that  the 
striation  might  be  attributed  to  a  fibrous  structure  in  this  mineral ; 
but  such  is  not  the  appearance  it  has  to  my  eye,  and  I  prefer  to 
believe  that  it  resulted  from  movements  among  the  already  jointed 
rocks,  which  took  place  when  the  Siluro-Carboniferous  country  was 
being  elevated  above  the  sea-leveL 

We  may  now  conveniently  resume  our  description  of  the  river 
section  exposed  on  the  side  of  Cae  Castell,  and  further  north. 

Hiver  Seetian. — Above  the  Rhymney  Grit,  which  we  mentioned  as 
occurring  at  the  base  of  this  section,  a  series  of  alternating  argilla- 
ceous and  sandstone  beds  succeeds,  to  a  great  extent  mud-covered 
and  of  no  great  interest,  till  at  a  distance  of  107  feet  vertically  above 
the  Rhynmey  bed  we  reach  a  curious  reddish-brown  ferruginous 
mudstone,  thickly  crowded  with  a  number  of  irregular  concretions  or 
galls,  and  containing  fossils.  It  is,  however,  so  very  badly  exposed 
that  I  only  succeeded  in  obtaining  a  single  specimen  of  the  latter,  which 
is  a  well-marked  Grammysia  cingtUata.  This  bed  is  followed  for 
11  feet  4  inches  by  alternating  compact  flaggy,  argillaceous,  and 
siliceous  sandstones  of  a  greenish  and  yellowirfi-grey  colour.  A  blue 
crystalline  bed  of  limestone  then  appears ;  it  is  5  inches  thick,  and 
is  composed  of  a  number  of  crushed  fosdls — BhynchoneUa^  Orihis, 
Strophomena^  and  Encrinite-fragments  too  imperfect  for  specific 
identification.  Above  this,  compact  siliceous  sandstones,  flaggy 
argillaceous  sandstones,  and  mudstones  follow  for  8  feet  vertically, 
and  then  more  or  less  broken  ground  for  about  50  feet  vertically, 
when  we  reach  the  following  section,  which  is  very  clearly  exposed 
in  the  side  of  Cae  Castell : — 

Section  in  the  side  of  Cae  Castell  (ascending  order). 

1.  Alternations  of  flaggy  foedliferous  and  compact  siliceoua  sand-    "**  ^^* 

stones,  of  greenian-grey  colour,  generally  micaceous    5    2 

2.  Grey  compact  sandstone  bed,  more  or  less  calcareous  0  10 

3.  Band  of  limestone 0    2 

4.  Flagffy  grey  siUceous  sandstone   1    8 

5.  HarcT grey  siliceous  limestone,  weathering  yellowish  brown    1    6 

0.  Siliceous  sandstone,  with  an  intercalated  band  of  limestone  1  inch 

thick  1    4 

7.  Parting  of  yellowish  calcareous  and  fossiliferous  sandstone 0    2 

8.  Calcareous  fossiliferous  sandstone ;  hght  bluish  grey»  weathering 

yellow 2    2 

9.  Yellowish  and  greenish-grey  shales     0    6 

10.  Light-grey  crsrstalline  hme&Ume,  full  o/coraia 0    6 

Carryforward   14    0 
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fL  in. 

Brouffht  forward   M  • 

11.  Burty-red  muculT  and  oonoretionarj  bed,  calcareous  and  full  of 

fossiU  of  Wenlock  age 2  0 

12.  Alternations  of  compact  and  flaggj  Bandfltones 1  8 

13.  Fine-grained,  compact,  argillaceous,  daret-ooloured  sandsUme  ...  0  11 

14.  Alternations  of  flaggy  and  compact  sandstones  and  mndttoiiM, 

greenish  grey 10  7 

15.  Greenish-grej  shales,  with  lenticular  patches  of  limestone  and  fossils  0  9 

16.  Thin-bedded  sindstone  and  shales,  fossiliferous  in  places 1  9 

17.  Lenticular  patches  of  limestone  0  2 

Greenish-grej  fossiliferous  shales 0  8 

Thin  bed  of  impure  crrstalline  magnesian  limestone,  jellowish 

grey,  full  of  casts  of  fossils,  especially  of  Pentamerus  CbvU     ...  0  3 

20.  Or^nish-grey  flaggy  sandstone  and  mudstone  0  9 

21.  Oaloareous  sandstone,  full  of  branching  FavoHtts  fibromu,  whidi 

weathers  into  worm-like  holes  on  the  surface   0    3 

22.  Alternations  of  ffreenish-grey  mudstones  and  flagstones,  with  ooea- 

sional  lenticular  patches  of  limestone 10   5 


18. 
19. 


Total  thickness  44    1 

The  flaggy  sandstones  and  mndstones  of  this  series  are  mostly 
more  or  less  micaceous. 

The  most  important  beds  are  those  numbered  10, 11,  and  19.  The 
first  two  are  the  most  fossiliferous  bods  in  the  neighbourhood ;  and 
I  obtained,  in  company  with  Mr.  Eoss,  the  following  species,  most  of 
which  have  been  named  by  Mr.  Etheridge. 

Fossils  from  the  Beds  10  and  11  in  the  Cae-CasteU  Section, 


LlandoTery. 

Wenloek. 

Ludlow. 

CyBtiphyllum  cylindricum.  Lonsd. 

Mcliojites  interstinctus.  IVdhl.     

« 
« 
« 
* 
« 
« 

* 
« 

« 
« 
« 

• 
« 

« 

« 
« 

« 
« 
« 
« 

ft 

• 

ft 

ft 
ft 

ft 
ft 

ft 
ft 

ft 
ft 
ft 
ft 
ft 

tubulatufi,  l/onsd. 

Omphyiua  turbinata,  Linn 

SvrinffODora  bifurcata.  Zx>h8»  

— -  lascioularis.  E.  rf*  JET.  

FaTOsites  iTothlandicus.  lAnn 

fibrosus,  GMf. 

TTalvsites  eaten ularius.  lAnn 

Diastopora  consimilis,  Jjonsd,  Llandeilo. 
Bellerophon  wenlockensis,  Sow, 

Suorannalus  sculntus.  Sow..    . 

Eunema  cirrhosum,  Sow*,., 

AcrocuUa  haliotis.  >St>ic>.   

Mvtilus  mTtilinieris.  Conr 

Pentamerus  cfaleatus.  DultH,  

Stricklandinia  lirata  ?.  Sow 

Atrypa  reticularis,  lAnn 

Rhynchonella  Wilsoni,  Sow 

boreslis,  Schl 

St roohomena  eusl vnha .  DtUm 

Or  this  elegantula,  JUixltn 

Orthooeraa  angulatum,  IVohi 

Phacops  caudatus,  Brunn 

Calymene  Blumenbachii,  Brongn 

Illcenus  barriensis,  Murch, 

Tentaculitee  omatus,  &>to 
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The  previously  ascertained  range  of  each  species  is  shown  in  the 
vertical  colmnns  appended  to  the  list,  which  on  mere  inspection  will 
convince  ns  of  the  age  of  the  heds  in  which  the  fossils  occur.     Ko 
one  I  think  will  hesitate  to  refer  this  forty  feet  or  so  of  the  Cae 
Castell  section  to  the  horizon  of  the  Wenlock  limestone,  although 
the  total  thickness  of  true  limestone  heds  which  occur  in  it  does  not 
exceed  a  foot  or  two  at  the  most.    If  this  determination  he  accepted, 
then  the  occurrence  of  hed  19  ahout  16  feet  ahove  the  layer  of 
Wenlock  corals  is  somewhat  surprising,  since  the  higher  bed  is 
crammed  with  casts  of  true  Pentamerug  ohlongus^  var.  Icevis,    Trom 
the  imperfect  casts  I  submitted  to  Mr.  Etiieridge  he  concluded  that 
they  probably  represented  this  species ;  and  on  sending  them  to 
Mr.  Davidson  he  concurred  in  the  opinion  of  Mr.  £theridgo.     I 
have  since,  however,  taken  impressions  in  gutta-percha  of  some  of 
the  best-preserved  of  the  casts ;  and  these  convert  the  probability 
into  a  certainty ;  so  that  tho  range  of  Pentamerus  oblongua,  var. 
kevisy  most,  in  our  district  at  least,  be  carried  considerably  above 
the  liandovery  beds  and  into  the  middle  of  the  Wenlock.     Perhaps, 
indeed,  it  ranges  still  higher ;  for  I  find  in  our  museum  a  solitary 
specimen  bearing  the  label  Pentamerus   Icevis,  and    imbedded  in 
Aymestry  limestone.     Above  the  section  just  described  Silurian  beds 
are  exposed  almost  uninterruptedly  for  about  150  feet  vertically. 
I  took  the  trouble  to  measure  and  describe  every  separate  bed  for  a 
thickness  of  over  100  feet ;  in  this  thickness  there  are  230  separate 
beds,  varying  from  1  inch  to  2  feet  6  inches  in  thickness.     They 
consist  of  alternations  of  compact  fine-grained  sandstonesy  more  or 
less  argillaceous  thin  flaggy  sandstones,  mudstones  and  shales,  with 
now  and  then  a  thin  parting  of  soapy  unctuous  clay.     The  prevail- 
ing tints  are  various  shades  of  greyish  green,  weathering  reddish 
brown,  with  here  and  there  a  bed  of  red  or  claret-colour.     Many  of 
the  beds  are  micaceous ;  some  abound  in  fossils ;  and  others  are  quite 
devoid  of  them.    There  is  no  connexion  between  the  colour  of  the 
bed  and  the  presence  or  absence  of  fossils,  the  reddish  beds  contain- 
ing fossils  quite  as  frequently  as  the  greyish  ones.     Worm-tracks 
and  fucoidal  markings  are  abundant ;  and  many  of  the  beds  are 
rippled  on  the  surface.     Calcareous  matter  is  rare,  only  one  band  of 
impure  limstone  occurring  throughout  the  series ;  and  that  is  but  4 
inches  thick.     It  appears  100  feet  above  the  base  of  this  section  or 
the  top  of  the  precei^g  one. 
The  following  is  a  list  of  the  fossils  from  this  section  : — 
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Llan- 
doTery. 

Wenlock. 

Ludlow. 

BelleroDhon  trilobatufi.  &7ie7. 

« 
« 

« 

» 
« 
« 
« 
« 
« 

« 

« 
« 
« 
« 
« 
« 
« 
« 

« 
« 
« 

* 
« 

« 

« 
« 
« 

« 

« 
« 
« 
« 

« 

« 
« 
« 

Boouliompbalus  laevis,  iSeHO 

MurcshisoniA  Lloydii,  Sow 

Fterinea  Sowerbyi,  i^*C^  

Oardiola  striata,  iS^ 

Orthooeraa  ibex.  St>io 

DereleiAnfl.  Salt. 

— —  so.  nov. 

Tiinintta  X/ewigii.  Sow 

Orthis  elemntula.  Dalm. 

filoaa,  Sow 

Stronhomona  6uirlvT)ha.  Dolm 

ObonetMlata,  Von  Buck 

striatella,  2>a/m.  

RhjiK^onella  nuoula,  Sow 

'  hnr««]i.,  Fiyhiy 

Oalymene  Blumenbachii,  ^ro«^ 

Homalonotus  Knigbtii,  Kdnia   

Syringopora  Berpens,  lAnn 

Monticulipora  Metcheri,  E,  4-  ff.  

OyatbopbjUum  pseudooeratites,  N*Coy 
Worm-burrows  and  worm-titicks. 

On  the  evidence  of  these  fossils  we  may  safely  refer  the  beds  in 
which  they  occur  to  the  Ludlow  series,  and  on  stratigraphical 
grounds  to  the  lower  part  of  that  series. 

To  this  series  belongs  also  a  peculiar  red  ferruginous  bed  which 
crops  out  near  the  end  of  the  ditch  on  the  right-hand  side  going  up 
Rhymney  hill.   It  contains,  amongst  others^  tiie  following  fossils : — 


Strophomena  fllosa,  Sow, 

applanata,  SaU, 

Airypa  reticularis,  Z»m». 
Orthis  lunata,  Sow, 

Sowerbyana,  Jkm, 

Bbynohonella  nocula,  Stw, 

ChoneteB,  sp. 

MytiluB  exasperatus,  SaJlt. 


Pterinea,  sp. 

Pbacops  oaudatue,  Bnmn. 
Proetus  latifpons,  M'O^. 
Petraia  bina,  Lonad. 
Oyaibophyllum,  sp. 
Nidulitee  fayus,  Salt, 
Syrinffopora  bifuroata,  JLommL 
Ptilo£ctyum,  sp. 


The  succeeding  beds  are  to  a  great  extent  concealed  for  about 
140  feet,  measured  vertically  above  the  top  of  the  preceding  expo* 
sure ;  but  wherever  they  can  be  seen  they  present  the  same  characters 
as  those  just  described.  After  passing  this  broken  ground  we  meet 
with  several  feet  of  clearly-exposed  greenish-grey  mudstonee, 
abounding  in  fossils,  of  which  the  following  list  gives  but  a  very 
poor  idea : — 
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List  of  Fossils  from  Vjpper  Ludlow,  Bhymney  River  Section. 

BhyncbonelU  nuoula,  Sow,  Pterinea  Sowerbyi,  M*Coy. 
Obolus  DaTidaoni,  Tar.  transreniis,    Mytilus  mytilimeris,  Conrad, 

Salt.  Murchisonia  Lloydii,  Sow, 

Bhjnchonella  borealis,  8chl,  Euomidialus  sculptus,  Sow, 

Difloina,  ep.  umatus,  Sow, 

Atrypa  reticularis,  Linn,  Phaoops  oaudatus,  Briinn. 

OrtbiB  elegantula,  Balm,  Bejricliia  gibba.  Salt, 

filoea,  Sow,  Oyathopbyilum  peeudooeratitea,  M^Coy, 

Spirifer  eleyatuB,  Daim,  Montioulipora  pulcbella,  M.-Edw, 

plicatelluB,  rar.  radiatus.  AlreoUtos,  sp. 

Chonetea  striatella,  Dalm,  Syringopora  bifurcata,  Lmad, 

The  beds  just  mentioned  form  the  beginning  of  a  low  bank, 
which  continues  to  afford  small  exposures  for  some  distance  north- 
wards. The  beds  so  exposed  are  all  of  the  Ludlow  type,  exceed- 
ingly like  those  of  the  Usk  district,  greyish  and  brownish  mudstones, 
with  numerous  layers  of  iron- stained  fossils,  among  which  Chonetes 
striateUuy  Orthis  lunata,  and  Strophomena  euglypha  are  the  most 
abundant.  They  continue  for  74  feet  vertically  above  the  first  beds 
of  the  bank,  and  then  give  place  to  genuine  Old  Bed  sandstone  and 
shales ;  the  change  takes  place  very  rapidly,  Ludlow  beds,  full  of 
fossils,  lying  on  one  side  of  a  small  ditch,  and  deep-red  or  purplish 
fla^y  micaceous  sandstones  on  the  other.  Just  above  the  highest 
Ludlow  and  below  the  Old  Bed  Sandstone  a  brownish  grit,  speckled 
with  grey  felspathic  particles,  occurs.  It  abounds  in  fragments  of 
fish-bones,  which,  however,  with  the  single  exception  of  some 
spines  of  Onchus  tenuistriatus^  are  too  obscure  to  be  even  generically 
identifiable.  I  have  never  been  able  to  find  the  bed  itseU*,  only  the 
fragments  which  lie  upon  its  outcrop  ;  but  Mr.  Storrie  by  digging 
beneath  these  has  discovered  the  bed  in  situ,  just  about  the  place 
where  I  had  concluded  it  must  occur. 

The  general  succession  of  the  Silurian  beds  in  the  Cardiff  area 
may  be  summarized  in  the  accompanying  general  section  (fig.  4, 
p.  488),  in  which  the  thicknesses  are  taken  from  the  Ehymney  river 
exposure. 

The  total  thickness  of  the  Silurian  beds  exposed  is  thus  about 
950  feet ;  and  if  the  base  of  the  series  is  Wenlock,  as  we  suppose, 
and  not  May  Hill  in  age,  then  the  thickness  of  the  Wenlock  may  be 
taken  at  581  feet,  and  of  the  Ludlow  at  364  feet,  the  relative  thick- 
nesses of  the  two  series  being  much  the  same  as  at  Usk,  though  the 
actual  thicknesses  are  a  little  greater,  as  one,  indeed,  might  expect 
from  the  replacement  of  calcareous  by  sedimentaiy  strata.  The 
uniform  character  of  the  whole  series  is  very  striking,  alternations 
of  sandstone  and  shales  repeating  themselves  with  wearisome 
monotony,  and  the  total  thickness  of  true  limestone  not  exceeding 
3  or  4  feet  at  the  most.  The  prevalence  of  sandstone  beds,  often 
exhibiting  ripple-markings  and  oblique  lamination,  and  the  numerous 
fragments  of  plant-remains,  all  point  to  a  shallow  sea  not  far  from 
land.  £ven  the  limestone  beds,  such  as  they  are,  point  to  the  same 
conclusion ;  for  the  interstices  between  the  shells  of  which  they  are 
chiefly  composed  are  not  always  filled  up  with  limestone,  but  with 
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angular  silioeous  particles  or  true  sand-grains,  or,  it  may  be,  with 
impure  argillaceous  mud. 

Fig.  4. — Oeneral  Section  of  the  Silurian  Beds  in  the  Cardiff  Area; 
thiehusses  from  the  Bhymney  River  Erpotwne, 

Old  Bed  SandBtone. 

Ghit-bed,  oontAining  fiah-remaiiiB. 

Upper  Ludlow. 


Lower  Ludlow. 


Wenlock  Limeetoue. 


Thin  band  of  bluish  limestone. 
Ferruginous  concretionary  bed. 


Bhymney  grit 


Unknown  ground;  on  Pen-y-lan  side, 
greenish-grey  mudstones  and  siliceous 
sandstones,  with  red  shales  and  mud> 
stones  in  the  middle. 


Greyish-green  mudstones  and  argillaceous 
sandstone. 
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Distribution  of  Land  and  Sea, 

After  the  deposition  of  the  Cambrian  *  (Sedgwick)  a  wide-spread 
npheaval  seems  to  have  taken  place  over  the  Welsh  area,  producing 
continental  land  on  the  west  and  north  ;  this  is  indicated  partly  by 
the  difference  in  character  of  the  Silurians  in  the  east  and  west 
Welsh  districts,  and  partly  by  the  overlap  of  the  Silurian  at  lian- 
deilo-fawr  onto  the  Cambrian,  of  the  Old  Red  Sandstone  onto  the 
Cambrian  at  lianddarog,  and  of  the  Carboniferous  onto  the  Cam* 
brian  at  Sclbeck. 

The  thicknesses  of  the  Silurians  in  the  east  and  west  districts 
respectively  are  given  iii  the  following  table. 

Sedimentary.  Calcareous. 

Eastern  districts.  feet  feet 

Wenlock  Edge 3600  350 

Malvems 3650  300 

Woolhope 2540  250 

May  Hill 2740  550 

Usk 1100  (?)  270 

Western  districts. 

Survey  section  crossing  Clun  Forest  . .  11,000  0  ? 

Builth 6250  10 

Llandovery  '.     6400  0  ? 

Sawdde     3460  0  ? 

Rhymney  (Wenlock  and  Ludlow  only) .       950  4 

From  this  it  would  appear  that  the  source  of  sediment  was  north 
and  west,  and  that  the  area  of  greatest  subsidence  also  lay  in  that 
direction.  This  is  true  of  the  Silurians ;  and  1  believe  it  holds  good 
for  the  Old  Eed  Sandstone  as  well.  What,  then,  are  the  relations  of 
the  Devonshire  to  the  Welsh  area?  One  has  hitherto  supposed  that 
the  Silurians  were  absent  in  Devonshire,  the  oldest  rocks  being  the 
nnconformably  overlain  Cambrians  of  Start  Point ;  and  certainly 
this  would  accord  very  well  with  the  approach  to  an  area  of  mini- 
mum subsidence  in  a  southerly  direction,  which  a  study  of  the  Welsh 
Silurians  seems  to  indicate.  On  the  other  hand  we  have  that 
immense  development  of  Devonian  strata  in  the  southern  district, 
which,  to  my  niind,  is  most  feasibly  explained  by  Mr.  Hull's  hypo- 
thesis ;  and  if  so,  I  think,  considering  the  genoral  thinning-out  of  the 
Siluro-Carboniferous  strata  of  South  Wales  from  N.W.  to  S.E.,  that 
we  are  driven  to  conclude  that  the  Devonshire  and  Cornish  area  is 
a  totally  distinct  one  from  the  Welsh,  and  was  formerly  separated 
from  it,  if  not  by  a  narrow  ridge  of  devated  ground,  at  least  by  a 
more  or  less  stationary  sea-floor,  which  would  practically  be  quite 
as  efficient  a  barrier. 

Relations  of  the  Cardiff  Silurians  to  t?ie  Old  Red  Sandstone, 
Wherever  a  junction  is  exposed,  the  Old  Red  Sandstone  of  this 
district  succeeds  the  Silurian  with  the  most  perfect  conformity. 
Passage-beds  appear  to  be  wanting. 

*  Wherever  the  term  Cambrian  oocutb  in  this  paper,  it  is  used  in  a  Sedg- 
wickian  senae. 
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The  Old  Red  Sandstone  lies,  then, 
conf onnahly  upon  the  Silurian ;  it 
likewise  passes  conformahly  be- 
neath the  Carboniferous  Limestone 
of  the  Taff  Gorge ;  and  it  shows  no 
signs  of  being  unconformable  to 
itself.  Thus  the  existence  of  an 
ascertained  base-line  to  the  Old  Red 
Sandstone  near  Cardiff  gives  us  a 
fresh  opportunity  for  determining 
the  thickness  of  this  formation. 
Good  exposures,  however,  of  the 
Old  Bed  Sandstone  are  rare,  and 
over  a  wide  east  and  west  valley 
south  of  Lanishen  almost  entirely 
wanting.  Still  certain  points  of 
importance  can  bo  made  out,  the 
best  section  to  follow  being  that  of 
the  Rhymney  railway,  which,  from 
the  Starting  House  on  Heathfarm 
Hill  to  the  Carboniferous  escarp- 
ment, cuts  directly  across  the  strike 
of  the  intermediate  Silurian  and 
Old  Red  Sandstone  beds.  The 
section  is  given  here  (&g.  6). 

On  the  railway,  just  south  of  the 
Starting  House,  an  anticlinal  is 
seen  bringing  up  the  Rhymney 
Grit  and  Wenlock  beds.  The  axis 
of  the  anticlinal  strikes  nearly  due 
east  and  west ;  and  the  beds  on  its 
north  side  dip  at  an  angle  first  of 
26°  and  afterwards  of  45°  towards 
the  north.  The  railway  is  then 
carried  along  an  embankment,  and 
affords  no  insight  into  the  nature 
of  the  country  for  a  mile  after 
leaving  the  Silurians.  Running 
parallel  with  the  railway,  how- 
ever, we  have  on  the  other  side  of 
Nant-mawr  the  range  of  hills 
which  stretch  from  Pen-y-lan 
northwards ;  and  this  supplies  us, 
for  the  southern  half  of  the  inter- 
val on  the  railway,  with  sections 
in  which  the  Old  Red  Sandstone 
18  exposed,  with  a  persistent  dip 
more  or  less  to  the  north. 

The  wide  east-to-west  valley  which 
rendered    the    railway   embank- 
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ment  necessary,  ceases  just  before  we  reach  Lanishen  station,  and 
the  railroad  is  once  more  carried  through  a  '^  cutting."  Deposits  of 
gravely  sand,  and  clay  are  first  exposed ;  these  attain  a  thickness  of 
as  much  as  30  feet,  and  contain  here  and  there  large  subangular 
boulders  of  limestone  and  grit ;  one  of  these  boulders,  evidently 
derived  from  the  Mountain  Limestone,  measured  3  x  3||  x  2  feet.  At 
the  base  of  these  gravels  the  Old  Ked  Sandstone  is  exposed  at 
Lanishen  station ;  it  there  consists  of  a  loose  conglomerate  which 
dips  from  S.W.  to  N.E.  at  a  low  angle.  Further  on,  red  shales  with 
calcareous  nodules  occur  beneath  the  gravel  at  the  signal-box  past 
the  fifth  mile  marked  on  the  section.  These  beds,  also  of  Old  Eed 
age,  dip  from  N.  to  S.  at  an  angle  of  about  11*^.  The  half  mile 
between  Lanishen  and  the  signal-box,  which  is  covered  by  gravels, 
would  thus  appear  to  conceal  the  axis  of  a  synclinal  fold. 

The  southward  dip  of  the  Old  Eed  beds,  which  from  this  point 
are  continuously  exposed,  is  maintained  for  half  a  mile  further 
north ;  it  is  then  replaced  by  a  dip  in  the  opposite  direction,  the  beds 
(sandstones,  conglomerates,  and  marls  with  thin  bands  of  comstone) 
rolling  over  in  an  anticlinal  curve  which  is  beautifully  revealed  in 
the  banks  of  the  railway-cutting.  The  dip  is  now  northward,  and 
does  not  again  change  within  the  limits  of  our  section,  the  Carboni- 
ferous shales  and  limestone  coming  on  conformably  with  a  dip  in 
the  same  direction,  and  at  a  distance  of  1188  yards  from  the  place 
where  the  axial  ridge  of  our  last  anticlinal  occurs.  Over  this  dis- 
tance the  average  dip  of  the  Old  Bed  Sandstone  may  be  taken  as 
about  30*^,  which  gives  us  1782  feet  as  the  approximate  thickness 
of  the  Old  Red  which  lies  between  the  axis  of  our  anticlinal  and 
the  base  of  the  Carboniferous  series.  If  only  the  Silurian  had  been 
brought  up  by  the  anticlinal,  we  should  now  know  the  thickness  of 
the  Old  Bed  in  our  district ;  as  it  is,  our  knowledge  so  far  amounts 
to  no  more  than  the  certainty  that  this  thickness  cannot  be  less 
than  1782  feet.  Let  us,  however,  make  an  approximate  calculation 
of  how  much  ought  to  be  added  to  this  minimum  thickness  in  order 
to  obtain  the  total  thickness.  The  beds  south  of  the  anticlinal  axis 
appear  to  dip  at  a  less  average  angle  than  those  to  the  north  of  it, 
BO  that  we  may  expect  to  find  them  extending  over  a  greater  dis- 
tance than  those  which  they  repeat.  We  return  now  to  the  ground 
beneath  which  our  supposed  synclinal  lies ;  and  as  the  position  of 
its  axis  is  not  known,  we  may  assume  it  to  lie  midway  between  the 
signal-box,  where  the  beds  dip  to  S.,  and  Lanishen  station,  where 
they  dip  to  N.  This  midway  point  is  distant  1496  yards  from  the 
axis  of  the  Old  Eed  anticlinal ;  we  eliminate  this  distance  from  our 
section,  then,  as  belonging  to  beds  which  have  already  been  measured. 
The  dip  of  the  beds  between  the  axis  of  the  synclinal  and  that  of 
the  anticlinal  is,  as  we  said,  less  than  30°;  it  would  not  do,  there- 
fore, to  measure  off  another  1496  yards  to  the  south  as  repre- 
senting the  beds  repeated  on  the  south  side  of  the  synclinal ;  it 
will  be  fairer  to  take  the  1 188  yards  which  the  same  thickness  of 
beds  dipping  at  30®  would  cover  for  that  purpose.  Having  now 
allowed  for  the  repetition  of  the  strata  on  the  south  side  of  the  anti- 
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clinol  axis  and  on  the  south  side  of  the  synclinal  axis,  in  all  2684 
yards,  we  have  left  a  distance  of  2024  yards,  which  is  covered  hy 
the  remaining  Old  Red  heds  and  hy  the  top  of  the  Silurian  series. 

This  horizontal  distance  corresponds  to  a  vertical  thickness  of 
3036  feet  for  heds  dipping  at  an  average  inclinatioii  of  30^.  We 
finally  deduct  546  feet,  the  thickness  of  the  Silurian  heds  which  are 
known  to  lie  ahove  the  Bhymney  Grit,  and  then  have  a  remainder 
of  2491  feet,  which,  added  to  the  1782  feet  previously  determined, 
gives  us  4273  feet  as  the  total  thickness  of  the  Old  Bed  Sandstone 
in  this  part  of  South  Wales.  Of  course  this  determination  is  only 
approximate  and  depends  partly  on  an  assumption ;  hut  I  think,  it 
found  to  err  at  all,  it  will  rather  he  on  the  side  of  over-  than  under- 
estimation of  the  true  thickness.  Thus,  in  passing  from  the  Vans  of 
Brecon,  on  the  north  side  of  the  ooal-hasin,  to  our  area,  a  distance  of 
about  25  miles,  the  Old  Ked  Sandstone  has  lost  more  than  half  its 
thickness.  Along  with  this  we  find  a  corresponding  thinning-out 
of  the  oomstones  of  the  formation,  which  were  much  more  sparingly 
represented  here  than  to  the  north.  This  is  in  full  accordance  with 
an  opinion  which  I  have  for  a  long  time  entertained,  that  these 
calcareous  heds  are  mechanical  sedimentary  deposits,  not  imme- 
diately derived  from  organic  remains,  but  only  indirectly  through 
the  denudation  of  previously  formed  limestone  beds,  belonging  pro- 
bably to  the  Cambrian  formation. 

It  would  be  foreign  to  the  subject  of  this  paper  to  enlarge  further 
on  this  topic,  and  I  hope  to  be  able  to  say  something  more  about  it 
on  another  occasion ;  but  I  may  perhaps  be  allowed  to  add  now 
that  although  calcareous  beds  are  generally  regarded  as  in  all  cases 
due  to  deposition  from  solution  either  by  evaporation  or  through  the 
immediate  agency  of  living  things,  yet  there  are  several  instances  in 
which  they  have  not  been  so  formed,  but  have  on  the  contrary  been 
derived  from  sediments  which  have  been  carried  in  suspension  and 
strewn  out  in  deposits,  in  just  the  same  fashion  as  clay  or  any  other 
mechanical  sediment  may  be.  The  conglomerates  of  Mountain 
Limestone  formed  on  ancient  beaches  of  the  Lias  are  a  case  in  point ; 
and  the  pebbles  of  these  conglomerates  are  frequently  as  well 
roimded  as  any  we  can  find  on  a  beach  at  the  present  day.  What 
has  become,  then,  of  the  asperities  and  angles  which  have  been 
worn  away  during  the  rounding  of  the  pebbles  ?  The  usual  reply- 
is,  "  Dissolved  in  the  surrounding  sea- water ;  '*  but  it  seems  to  me 
that  there  is  always  the  alternative  possibility  that  it  has  been 
carried  away  as  mud  in  suspension,  just  like  any  other  mud ;  and  if 
so,  the  deposition  of  such  calcareous  mud  would  go  far  towards 
explaining  the  occurrence  of  calcareous  septaria  and  other  nodules, 
which  so  frequently  occur  in  red  deposits  like  those  of  the  Old  Red 
Sandstone  and  the  Trias,  as  well  as  the  formation  of  the  muddy 
Lias  limestones  of  Penarth  Cliffs,  which,  with  their  flat  even  bedding 
and  numerous  intercalations  of  black  shales,  certainly  do  not 
suggest  an  organic  origin.  A  few  oysters  and  such  like  shells  may 
have  contributed  to  their  growth;  but  their  general  appearanoe 
certainly  is  that  of  strata  formed  from  sediment  carried  in  suspen* 
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sion,  and  very  different  from  that  presented  by  a  truly  organic  cal- 
careous rock. 

After  the  foregoing  obserrations,  which  are  to  be  regarded  more 
or  less  as  a  digression,  we  may  return  to  our  determination  of  the 
thickness  of  the  Old  Red  Sandstone  in  the  South-Welsh  area,  with 
the  object  of  drawing  one  or  two  further  inferences  from  it. 

As  we  have  already  shown,  the  Old  Red  Sandstone  thins  out  from 
a  total  thickness  of  10,000  or  15,000  to  one  of  4000  feet  in  passing 
from  the  north  to  the  south  side  of  the  South-Welsh  coalfield ;  and 
from  this  it  would  appear  that  the  existence  of  13,000  feet  of  so- 
called  Devonian  strata  in  Devonshire  is  not  by  any  means  so 
remarkable  a  fact  as  it  has  usually  been  considered  ;  for  if  the  Old 
Red  Sandstone  diminish,  as  it  does,  to  the  extent  of  one  third  of  its 
total  thickness  in  crossing  the  Welsh  coalfield,  a  distance  of  19  or 
20  miles,  certainly  the  Devonian  strata  may  diminish  to  a  like 
extent  in  crossing  a  like  distance,  viz.  from  the  North  Foreland  over 
the  Bristol  Channel  to  the  nearest  exposed  base-line  of  the  Old  Red 
(that  is,  near  Cardiff). 

In  the  next  place,  the  simultaneous  thinning-out  southwards  of 
the  Old  Red  Simdstone  and  Silurian  of  South  Wales,  and  the  accom- 
panying change  of  character  in  the  sediments  of  the  latter  formation, 
alike  point  to  the  existence  somewhere  in  the  neighbourhood  of  the 
Bristol  Channel  of  land  or  a  submerged  barrier,  which  the  thickness 
and  proximity  of  the  Devonshire  strate  forbid  us  to  regard  'as 
having  had  a  great  extension  towards  the  south ;  in  other  words, 
the  land  which  our  observations  indicate  is  no  other  than  the 
famous  barrier  which  Mr.  Etheridge  was  led  long  ago  to  invent 
in  order  to  divide  the  Old  Red  waters  from  those  of  the  Devonian 
ocean. 

Again,  accepting  the  existence  of  such  a  barrier  as  our  observa- 
tions plainly  point  to,  then  we  may  perhaps  be  able  to  explain  by 
its  means  the  intercalation  in  Devonshire  of  sandstone  beds  having 
Old  Red  characters,  such  as  the  Foreland  sandstone.  Hangman  grit, 
and  Pickwell  Down  sandstone,  with  other  sedimente,  both  limestone 
and  slates,  having  true  marine  and  Devonian  characters. 

Let  us  suppose  first  that  the  depression  of  our  barrier  beneath  the 
sea  proceeded,  as  a  rule,  with  such  extreme  slowness  as  to 
maintain  generally  a  separation  between  the  Welsh  and  Devonian 
areas ;  each  of  these  areas  may  then  be  subject  to  independent  pocu- 
Uarities  of  condition  contemporaneously,  and  red  sandstones  be  laid 
down  to  the  north  while  marine  limestones  are  forming  the  south. 
Next  let  us  supjwse  that  the  "rate  of  subsidence  of  the  barrier 
became  at  intervals  increased,  so  that  the  Devonshire  and  Welsh 
areas  became  one ;  it  would  now  be  possible  for  similar  conditions  to 
exist  throughout  the  conjoined  area ;  Old  Red  Sandstone  oondiHons 
or  Devonian  conditions  might  either  of  them  prevail  over  the  whole 
of  the  Devonshire  and  Welsh  region  :  d  priori  wo  could  not  say 
which  would  so  prevail,  or  whether  both  would  exist  together ;  but 
looking  to  the  extension  of  sandstones  with  Old  Red  characters  into 
Devonshire,  and  the  absence  of  Devonian  strata  in  Wales,  we  may 
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fairly  conclude  that  the  conditioiifl  which  did  overspread  the  whole 
area  were  those  of  the  Welsh  Old  Bed. 

AccordiDg  to  the  view  just  adyanoed  the  Old  Eed  Sandstone  is 
regarded  as  the  complete  equivalent  of  the  Devonian  strata^  the  dif- 
ference between  the  Webh  and  Devonshire  areas  chiefly  being  that 
in  the  latter  we  have  an  interdigitation  of  rocks  (fossiliferous  beds) 
formed  under  Devonian  conditions  with  other  rocks  formed  under 
Welsh  conditions  (whatever  those  may  have  been),  while  in  the 
former  the  beds  of  Old  Eed  Sandstone  were  deposited  under  condi- 
tions which  remained  approximately  t'he  same  from  the  b^inning 
to  the  end  of  the  period. 

The  Old  Eed  Sandstone  of  South  Wales  is  a  continuous  deposit 
from  the  conformable  Silurian  at  its  base  to  the  conformable  Car- 
boniferous at  its  summit ;  and  hence  nothing  can  be  clearer  than  the 
inference  that  whatever  formations  or  unconformities  occur  else- 
where between  the  top  of  the  Silurian  and  the  bottom  of  the  Car- 
boniferous, they  must  one  and  all  have  taken  place  during  the  time 
tiiat  the  Welsh  Old  Red  Sandstone  was  in  process  of  formation ;  and 
whatever  correlation  may  be  made  of  the  Devonshire  beds  with 
corresponding  rocks  in  Ireland  or  on  the  Continent,  they  must  at 
all  events,  so  far  as  they  are  admitted  to  lie  between  the  Silurian 
and  Carboniferous,  be  regarded  as  having  been  formed  during  the 
whole  or  a  part  of  the  time  known  as  the  Old  Eed  Sandstone  period  ; 
the  genuine  Devonian  may  be  the  equivalents  of  the  whole  or  a  part 
of  the  Old  Eed  Sandstone,  but  no  more. 

A  word  finally,  if  it  be  not  too  far  from  the  point,  as  to  the  dift- 
tribution  of  areas  of  elevation,  or  minimum  depression,  and  of 
maximum  depression  over  the  West-of-England  Old  Eed  Sandstone 
area.  The  evidence,  so  far  as  it  goes,  certainly  points  to  the  axis- 
tence  between  the  meridians  of  3°  and  4°  of  longitude  of  three  more 
or  less  east-to-west  areas  of  minimum  depression,  and  of  two  inter- 
vening areas  of  maximum  depression.  The  zones  of  miniTn^m 
depression  were  (1)  a  northernmost  area  over  the  north  part  of 
Wales,  which,  as  shown  by  the  absence  of  Old  Eed  and  the  uncon- 
formable presence  of  Carboniferous  or  Silurian  rocks,  remained  dry 
land  during  the  Old  Eed  period ;  (2)  a  southernmost  area,  probably 
the  northward  extension  of  the  land  which  afterwards  supplied 
Carboniferous  sediments  to  Devonshire,  and  indicated  partly  by  the 
Cambrian  rocks  of  the  Dodman  and  Start  Point,  which  almost  cer- 
tainly formed  land  during  the  Silurian  period  ;  and  (3)  the  barrier 
along  the  Bristol  Channel  and  south  of  the  Mendips,  suggested  by 
Mr.  Etheridgo,  and  supported  by  the  observations  in  this  paper. 
The  zones  of  maximum  depression  were  (I)  one  on  the  north  over 
South  Wales  and  Hereford,  with  its  axis  about  the  northern  escarp- 
ment of  the  South-Wales  coal-field  ;  and  (2)  another  on  the  south 
over  Devonshire  and  Cornwall,  with  its  axis  passing  from  cast  to 
west,  probably  in  the  neighbourhood  of  Plymouth. 

The  central  barrier  was  subject  to  movements  of  depression  of 
very  varying  rapidity,  which  led  to  the  introduction  at  intervals  of 
Old-Eed-Sandstone  conditions  over  the  Devonshire  area,  and  probably 
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to  the  piling-up  of  some  2000  or  3000  feet  of  Old  Bed  deposits  upon 
the  top  of  the  barrier  itself.  It  finally  became  completely  sub- 
merged beneath  the  waters  of  the  Carboniferous  sea ;  and  then  con- 
ditions more  like  those  of  the  Devonian  prevailed  over  both  the 
Devonshire  and  Welsh  areas.  Thus  this  central  barrier  seems  to 
have  anticipated  in  a  general  way  the  behaviour  of  the  London-and- 
Harwich  axis  during  the  Neocomian  and  Cretaceous  times. 

BeUuions  of  the  Axes  of  the  District  vnth  those  of  the 
surrounding  Country, 

On  referring  to  Sheet  36  of  the  Geological  Survey,  we  shall  find 
the  Carboniferous  Limestone,  which  forms  the  southern  escarpment 
of  the  coal-basin,  bending  round  southwards  from  Utfnilid  to  Cow- 
bridge  and  then  striking  eastwards  towards  Leckwith ;  it  forms, 
indeed,  an  east-to-west  anticlinal,  which  "noses  out"  towards 
Bridgend.  The  conformable  Old  Red  Sandstone,  lying  coaxially 
within  it,  '*  noses  out "  more  to  the  east ;  so  that  the  anticlinal  axis 
rises  in  that  direction,  and  thus  brings  in  at  length  the  Silurians  of 
our  area.  Our  area  is  therefore  the  lowest  and  easternmost  exposure 
of  a  great  Siluro- Carboniferous  anticlinal  which  extends  from  Bridg- 
end in  the  west  to  Bhymney  in  the  oast.  The  Old  Red  and  Car- 
boniferous are  dislocated  by  numerous  north-and-south  faults,  from 
which  the  Silurian  district  appears  to  have  escaped.  The  anticlinal 
of  Silurian  near  the  Starting  House  is  a  difficult  feature  in  the 
country ;  and  some  might  explain  it  by  a  fault,  for  which,  how- 
ever, there  is  no  other  evidence :  I  am  inclined,  myself,  to  regard 
it  as  a  reappearance  of  the  Cefiacoedisaf-to-Pandy  anticlinal,  and 
except  that  traces  of  this  fold  will  become  more  evident  after  a 
more  searching  examination  of  the  country  between  Cefn-coed  and 
Cefn-coed-fach. 

To  the  north  of  the  Rhymney  area  we  have  the  well-known  Usk 
district,  which  with  its  principal  anticlinal  axis  points  north  and 
south ;  and  though  the  axis  seems  to  disappear  south  of  Llandegfydd, 
yet  its  continued  existence  is  indicated  by  patches  of  Silurian, 
which  crop  out  about  Llanfrechfa  and  elsewhere,  while  its  influence 
on  our  region  is  shown  by  the  subordinate  foldings  which  cross  the 
latter  from  north  to  south.  Between  Usk  and  Uantrissant  the 
Carboniferous  Limestone  lies  in  a  generally  N.E.  to  S.W.  curve  as 
it  bends  from  its  north  and  south  to  its  east  and  west  strike ;  the 
Old  Red  Sandstone  crops  out  in  a  parallel  curve,  as  is  shown  by 
exposures  S.W.  of  Newport.  There  can  be  little  doubt  that  the 
Silurian  turns  round  in  a  similar  way  below  ground,  and,  I  believe, 
to  some  extent  above  ground :  at  all  events  Mr.  Storrie  has  met  with 
fragments  of  Silurian  beds  near  Ty-cocb,  Marshfield ;  and  though 
he  did  not  at  the  time  succeed  in  finding  the  parent  bed,  there  can 
be  no  doubt  it  was  close  at  hand,  and  will  be  found  on  further  search. 
Mr.  Ross  also  writes  me  that  he  has  evidence  of  outcrops  of  Silurian 
between  Rhymney  and  Newport. 

aJ.G.S.  No.  139.  2  k 
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DeserijptionB  of  and  Notes  on  FossUs. 

1.  MoMOLOPgIS  ACUnPBORA,  Bp.  HOV.     (PI.  XXTV.  figs.  21  &  22.) 

Shell  ovate,  oonvex  transyersely ;  umboneB  not  prominent,  dia- 
gonal ridge  £eiint,  existing  only  as  a  line  of  division  between  two 
portions  of  the  shell — one  larger,  antero-inferior,  and  with  a  gentle 
convex  slope  downwards,  the  other  smaller,  postero-snperior,  and 
with  a  somewhat  steeper,  flatter  slope  towards  the  hinge-line.  No 
diagonal  furrow.  Inferior  margin  a  simple  elliptical  outline.  Pre- 
umbonal  lobe  somewhat  ovate,  or  like  a  blunted  lancet-point  in 
shape.  Angle  formed  by  the  junction  of  the  hinge-line  with  the 
posterior  margin  obtuse  and  rounded.  Surface  covered  with  very 
fine  concentric  strise. 

Lengthier;  breadth  ^  J". 

BemarJcs.  This  shell  very  dosdy  resembles  the  Upper  Cambrian 
species  M.  eicpansa  (Portlock),  but  dififers  from  it  in  having  a  more 
curved  ventral  margin,  a  sharper  preumbonal  lobe,  a  relatively  larger 
antero-inferior  and  smaller  postero-superior  region,  and  in  being  less 
compressed. 

Casts  of  the  interior  and  exterior  of  the  shell  are  exhibited  in  the 
same  specimen;  the  internal  cast  shows  a  large  kidney-ehaped  im- 
pression of  the  anterior  adductor  muscle,  situated  inside  the  per- 
umbonal  lobe,  a  very  distinct  simple  pallial  line  parallel  with  the 
inferior  margin,  and  a  deep  round  impression  of  tiie  anterior  pedal 
muscle,  just  above  that  of  the  anterior  adductor.  The  ligamental 
groove  is  just  visible  along  the  hinge-line.  The  space  between  the 
outer  and  internal  casts  is  very  narrow ;  so  that  the  shell  must  have 
been  exceedingly  thin. 

2.  MoDioLOPsis  DfPLATA,  M*Coy.    (PI.  XXIV.  fig.  2.) 

The  determination  of  this  species  rests  on  a  well-preserved  in- 
ternal cast,  which  presents  all  the  characters  of  M'Coy's  spedes, 
the  only  difference  noticeable  lying  in  the  somewhat  greater  elevation 
of  the  Cardiff  form,  and  the  slightly  greater  incurving  of  the  ventral 
margin  immediately  in  front  of  &e  diagonal  gibbosity.  The  di- 
mensions of  the  Cardiff  form  are — length  0*86",  breadth  0-526", 
giving  a  proportion  of  VrV,  while  in  M'Coy's  form  the  proportion 
is  yy^.  Perhaps  my  specimen  should  be  regarded  as  a  variety  of 
M.  inflata,  in  which  case  it  might  be  called  M.  elevata. 

3.  Orthokotfs  iTAViCTJLA,  sp.  uov.    (PI.  XXTV.  figs.  3,  3  a.) 

Shell  elongate,  oblong,  tumid,  especially  above;  beaks  small, 
meeting  over  the  straight  hinge-line  in  Uie  anterior  part  of  its 
middle  third ;  lunule  shallow,  well  defined.  A  transverse  furrow  in 
each  valve,  commencing  from  the  point  of  the  umbones,  and  de- 
scending vertically  to  the  ventral  margin,  where  the  two  furrows 
meet.  Immediately  in  front  of  the  cincture  so  formed  the  shell 
bulges  out  rapidly ;  behind  the  cincture  the  bulging  takes  place  more 
gradually. 

An  oblique  ridge  extends  from  the  posterior  side  of  the  beaks  to 


Digitized  by 


Google 


OF  BHTIOrBT  AHD  PBH-T-LIH,  CABBT7F.  497 

the  poBterior  angle  of  the  shell,  dividing  the  poeterior  two  thirds  of 
the  shell  into  a  swollen  anterior  and  a  compressed  posterior  and 
superior  part,  which  ends  above  in  the  straight  hinge,  and  behind  in 
the  rounded  end  of  the  shell.  Shell  ornamented  with  longitudinal 
rounded  ribs,  0-0375"  apart,  commencing  from  tbe  edge  of  tbe 
lunule,  and  continuing  along  the  valves  till  they  reach  tbe  post-um- 
bonal  ridge,  past  which  tbe  sbell  is  smooth  up  to  the  hinge-line. 

Length  |-J-" ;  breadth  ^" ;  thickness  -^q". 

EemarJcs.  This  shell  was  found  by  Mr.  John  Storrie  near  Cross 
Dowton,  Rhymney,  not  far  from  the  outcrop  of  tbe  Ludlow  beds. 
It  was  imbedded  in  a  stray  fragment  of  rock  lying  by  the  road-side, 
and  not  in  situ,  but  so  exactly  similar  in  litbological  character  to 
the  adjacent  Ludlow  beds  that  no  hesitation  need  be  felt  in  referring 
the  shell  to  their  horizon. 

The  hinge-line  does  not  show  any  transverse  plaits  ;  but  a  slight 
inflection  of  the  valve  indicates  appso^ntly  a  cartilage-plate.  There 
is  no  sign  of  an  escutcheon. 

4   Leda?  AicBiouA,  sp.  nov.    (PI.  XXIV.  fig.  7.) 

Shell  oblong  ovate,  compressed;  hinge-line  short  and  straight; 
margin  of  valves  simple,  elliptical,  closed ;  umbones  anterior,  directed 
slightly  backwards,  their  posterior  edge  continued  into  a  ridge 
ending  on  the  upper  part  of  the  posterior  margin.  Surface  covered 
with  exceedingly  fine  dose  concentric  striae. 

Length^";  breadth ^V'- 

Remarks,  As  the  intenor  of  the  shell  is  not  visible,  and  we  do  not 
know  the  characters  of  the  hinge,  ita  reference  to  Leda  is  in  the 
highest  d^ree  doubtful.  I  have  preferred,  however,  to  assign  it  to 
this  genus  with  a  query  rather  than  to  make  a  new  genus  to  receive 
it.  In  general  form  it  is  more  like  a  Yoldia,  while  in  the  character 
of  its  striation  it  exactly  resembles  Leda  intermedia^  Eth.,  from  the 
Carboniferous  formation.  It  is  in  the  form  of  its  posterior  region 
that  it  differs  most  markedly  from  both  Yoldia  and  Leda. 

5.  Ambohtchia  ?  TUMTDA,  sp.  uov.     (PI.  XXIY.  fig.  9.) 

Shell  obliquely  trigonal,  tumid,  truncated  in  front;  anterior 
aspect  heart-shaped ;  umbones  quite  anterior,  somewhat  spirally 
incurved;  hinge-Une  short  and  straight;  margins  simple,  close, 
rounded;  a  small  posterior  wing  or  compressed  upper  posterior 
region ;  surface  very  finely  concentrically  striated. 

Length  i^" ;  breadth  ^";  thickness  near  beaks,  where  it  is 
thickest,  U'\ 

Remarks,  It  is  by  no  means  certain  that  this  species  is  an  Am* 
honychia ;  the  specimen  on  which  it  is  founded  is  not  quite  perfect  in 
front,  and  might  have  possessed  a  small  anterior  wing.  It  is  some- 
what similar  to  Amphiccdia,  HaU.  To  give  a  rough  idea  of  its 
general  form,  one  may  compare  it  to  some  species  of  Isocardia  (ex, 
gr.  /.  niiida^  Phillips),  or  to  some  forms  of  Pholadomya, 
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6.  HOLOFBLLA  6BACILIS,  Sp.  nOV.      (PI.  XXIV.  fig.  5.) 

Shell  slender  ;  apical  angle  20*^ ;  whorls  smooth,  very  slightly  con- 
cave, number  ?  (five  are  shown) ;  sutural  angle  70°. 

Remarks.  This  species  appears  to  be  intermediate  between  H. 
gracilior  and  H.  ohsoleta ;  its  spire  is  less  slender  than  that  of  the 
former,  and  more  slender  than  that  of  the  latter  species,  while  its 
whorls  are  more  convex  than  in  H,  gracilior  and  less  so  than  in 
H.  obsohta. 

7.  HoLOPELLA  HTDKOPicA,  sp.  nov.     (PL  XXIV.  fig.  4.) 

Shell  slender;  apical  angle  (?);  whorls  smooth,  bulging  below, 
contracted  above  ;  sutures  plain,. very  slightly  imbricating;  sutural 
angle  85^. 

Remarks.  The  form  of  the  whorls  of  this  shell  is  very  characteristic, 
and  much  resembles  that  of  the  Carboniferous  Loxonema  impencUns^ 
M'Coy. 

8.  HoLOPBLLA  idinjTA,  sp.  uov.     (PI.  XXIV.  fig.  6.) 

Shell  slender ;  apical  angle  22^;  whorls  smooth,  number  ?  (nine 
exposed,  including  globular  apical  point),  twico  as  wide  as  high, 
convex ;  sutures  deep,  simple. 

length  ^0^ ;  breadth  of  lowest  whorl  ^". 

Remarks,  This  species  is  distinguished  from  H.  gregaria  by  ita 
wider  and  squatter  whorls,  and  from  //.  monile  by  the  same  charac* 
t^r,  as  well  as  by  its  larger  apical  angle. 

9.   CrCLONEMA  ANGULATUM,  Sp.  UOV.      (PI.  XXIV.  fig.  15.) 

Shell  conical ;  apical  angle  65° ;  whorls  four  in  number,  anga- 
lated  spirally ;  on  body-whorl  4  angulations  at  equal  distances  of 
■j^"  apart,  the  highest  one  ■^"  below  the  suture ;  in  the  preceding 
whorl  three  angulations — one  immediately  above  the  lower  sutore, 
another  in  the  middle,  and  the  third  midway  between  the  median 
angulation  and  the  upper  suture.  Surface  obliquely  striated,  stris 
very  fine  and  close,  crossing  the  angulations  and  maintaining  the 
same  direction  from  front  to  back  without  inflection  completely 
across  each  whorl. 

Remarks.  This  shell  is  distinguished  from  allied  species  by  the 
fact  that  the  angulations  are  not  plain  along  their  summit,  but 
crossed  by  the  transverse  striae. 

10.  Ctclonema  simplex,  sp.  nov.     (PI.  XXIV.  figs.  10,  10  a.) 

Shell  obtusely  conical ;  apical  angle  85° ;  whorls  three  or  four  in 
number,  body- whorl  large ;  mouth  not  visible,  but  apparently  ellip- 
tical in  shape  with  the  long  axis  vertical ;  surface  ornamented  with 
revolving  thread-like  ridges  ^"  apart,  with  an  occasional  secondary 
ridge  interposed,  and  transverse  striae  of  exceeding  fineness,  only 
visible  in  a  good  light. 

Remarks.  This  species  is  exceedingly  similar  to  Turbo  erebristrin^ 
M'Coy,  from  the  Bala  Sandstone  of  Milford,  Montgomeryshire. 
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11.  Ctciowema  tttbbikatxtm,  sp.  nov.  (PI.  XXIV.  figs.  1, 1  a.) 

Shell  turbinate ;  apical  angle  65° ;  whorls  four  in  number ;  body- 
whorl  large,  convex,  angulated  by  revolving  ridges — on  body- whorl 
one  near  the  suture,  two  prominent  ones  in  the  middle,  and  two  or 
three  smaller  ones  near  the  base ;  on  the  preceding  whorl  three 
ridges — a  strong  one  near  the  upper  suture,  one  in  the  middle,  and 
a  faint  one  near  the  lower  suture  ;  sutures  deep ;  mouth  elliptical, 
long  axis  vertical,  peristome  continuous,  entire;  umbilicus  deep, 
bounded  by  a  curved  ridge  on  its  inner  side ;  surface  covered  with 
transverse  striae  or  lines  of  growth,  which  cross  the  longitudinal 
ridges  without  deflection. 

Remarks,  This  shell  is  not  likely  to  be  mistaken  for  any  other 
species ;  but  without  careful  inspection  it  might  pass  for  a  Murchi- 
sonia^  from  which,  however,  it  is  distinguished  by  ite  entire  peri- 
stome. 

12.  MimcHisoKiA  BLEOANS,  sp.  uov.     (PL  XXIV.  fig.  8.) 

Shell  slender;  apical  angle  21°;  whorls  (six  preserved),  pro- 
minently keeled,  outline  concave  between  line  and  suture,  but  con- 
sisting of  two  close  threads.  Each  whorl  slightly  overlapped  by  the 
lower  one  succeeding  it,  sutures  consequently  imbricated  and  marked 
by  a  distinctly  raised  band.     Surface  finely  striated  as  in  Jf.  gracilis. 

Length^/';  width  3i*o-''. 

13.  MUBCHISOWIA  C0RPULB5TA,  Sp.  nOV.      (PI.  XXIV.  fig.  11). 

Shell  conical;  apical  angle  55°;  whorls  four  in  nimibor,  convex ; 
body- whorl  very  large ;  keel  square,  prominent  between  the  suture 
and  the  middle  of  the  whorl ;  a  faint  revolving  ridge  between  the 
keel  and  the  suture;  outer  lip  deeply  incised  towards  the  notch, 
below  the  notch  projecting  convexly.  Surface  covered  by  fine, 
close,  thread-like,  transverse  stri®,  repeating  the  outline  of  the  ex- 
terior lip.  Where  the  shell  has  been  removed  the  cast  is  round  and 
smooth,  except  for  three  or  four  revolving  ridges  which  run  parallel 
to  the  keel  and  below  it :  these  are  not  visible  on  the  small  portion 
of  the  shell  which  remains  available  for  observation. 

Remarks,  This  shell  is  very  similar  to  M.  suhrotundaia,  Portlock, 
and  Pleurotomaria  bussacensis^  Sharpe,  both  Upper  Cambrian  species  ; 
but  it  differs  from  both  in  the  greater  elevation  of  its  spire  and  in 
having  the  band  much  nearer  to  the  suture ;  the  revolving  lines 
below  the  band  and  visible  on  the  cast,  abo  appear  to  constitute  a 
difference. 

14.  Pachttkboa  sfhjerica,  Hooker. 

A  number  of  these  organisms  occur  beautifully  preserved  in  the 
Khjrmney  Grit  and  in  the  rocks  above  and  below  it.  They  present 
all  the  characters  of  Hooker's  species — ^the  spherical  form,  smooth 
surface,  absence  of  hilum,  thick  walls,  radiating  hexagonal  celb,  and 
wide  variation  in  dimensions.  With  them  in  some  cases  are 
associated  plant-remains,  which  very  much  resemble  fronds  of  Rho^ 
dymenia  ciliata  and  other  Floridean  species  of  Algse, 


Digitized  by 


Google 


£00  W«  J.  SOLLAf  Oir  THS  fiXLITBIlK  DlflXBIOf 

Noie$  on  ihe  Bodies. 

1.  Wenloek  Lvmestone, — ^The  concretionary  fermginoufi  bed  whidi 
immediately  covers  over  the  band  of  Wenlock  corals,  exhibits  to  the 
naked  eye  a  spherulitic  or  oolitic  appearance,  which  is  due  to  the 
presence  of  a  vast  number  of  little,  smooth,  shining,  reddish-brown 
bodies,  having  the  form  of  oblate  or  compressed  prolate  ellipBoids. 
These  little  bodies,  which  look  like  so  many  minute  beans  or  lentila, 
are  present  in  so  large  a  proportion  as  to  form  a  great  part  of  the 
'rock,  and,  from  their  general  appearance  and  close  association  with  a 
coral  limestone,  might  be  taken  at  first  glance  for  ferruginous  oolitic 
grains.  Their  real  nature  is  best  made  out  by  a  study  under  the  micro- 
scope of  thin  slices  of  the  rock  containing  them.  The  rock  is  not  of 
the  same  consistence  throughout,  some  portions  being  harder  and  more^ 
compact  than  others ;  and  these  are  the  best  adapted  for  slicing.  The 
harder  parts  occur  either  as  isolated  nodules  or  as  cake-like  masses 
adhering  to  a  coral  or  the  remains  of  some  other  calcareous  organism, 
the  greater  hardness  and  compactness  in  both  cases  being  probably 
due  to  an  internal  deposition  of  carbonate  of  lime,  and  the  adherence 
in  the  latter  case  to  the  derivation  of  a  part  of  this  deposited  carbonate 
from  the  calcareous  structure  on  which  the  hard  mass  is  based.  An 
examination  of  the  slices  I  have  had  prepared  shows  a  matrix  of  clear 
transparent  calcite  or  dolomite,  or  of  brown  opaque  finely  granular 
ferruginous  material,  usually  full  of  dispersed  minute  angular  frag- 
ments of  calcite  and  quartz.  Imbedded  in  the  matrix  are  the  little 
lentil-like  bodies  under  consideration,  and  minute,  often  fragmentary 
remains  of  various  calcareous  organisms.  The  former  consist  of  an 
outer  envelope  of  black  iron-oxide  surrounding  a  rounded  fragment 
of  calcite  of  organic  origin.  The  envelope  is  more  or  less  red  on  its 
outer  surface ;  and  its  thickness  is  very  trifling. 

The  enclosed  calcite  may  consist  of  a  joint  or  ossicle  of  an  Encri- 
nite,  a  fragment  of  shell  derived  from  a  Lamellibranch,  or  more 
usually  from  a  Brachiopod,  such  as  Strophomena,  or  a  piece  of  a  Bryo* 
zoon ;  or  it  may  be  of  uncertain  nature,  or,  in  rare  cases,  an  oolitic 
spherule.  The  broken  edges  of  the  shell-fragments  are  neatly 
rounded  off,  as  if  worn  by  attrition ;  and  the  outer  envelope  covers 
them  like  an  even  coating  of  paint.  The  minute  structure  of  the 
shell  is  generally  perfectly  preserved,  the  canals  of  the  Brachiopod 
shells  being  infiltrated  by  Ught-yellowish  or  deep-brown  oxide  of 
iron.  The  Lamellibranch  shells  have  sometimes  been  infested  by  a 
minute  boring  fungus  or  alga,  in  which  case  the  burrows  of  these 
plants  are  also  filled  with  the  infiltrated  oxide.  The  Encrinite-joints 
exhibit  very  clearly  their  characteristic  reticulate  skeleton,  which 
has  usually  been  more  or  less  completely  injected  by  some  compound 
of  iron  wluch  now  presents  a  lightish  yellow  or  dark  red  colour  by 
reflected  light ;  with  transmitted  light,  on  the  other  hand,  it  is  quite 
b^lack,  owing  to  its  complete  opacity.  Fragments  of  Encrinital  ske- 
letons are  sAbo  amongst  the  commonest  of  those  other  organic  con- 
stituents of  the  rock  which  are  scattered  through  the  matrix  with- 
out any  enveloping  ferruginous  coat.    They  then  very  frequently 
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afford  lis  a  complete  section  (longitudinal  or  transverse,  as  the  case 
may  be)  through  one  of  the  disks  of  theEncrinital  stem,  their  structure 
being  usually  wonderfully  well  preserved — though  in  some  cases, 
when  the  ferruginous  injection  is  absent,  it  has  become  nearly  obli- 
terated by  blending  as  it  were  with  the  enclosing  calcitio  matrix. 
The  Bryozoa  sometimes  form  the  nucleus  of  one  of  the  lentil-like 
bodies ;  but  more  usually  we  observe  them  as  uncoated  sections  in 
the  matrix,  of  considerable  size,  and,  as  we  have  said,  only  partially 
enveloped  in  iron  oxide,  their  cells  being  filled  up  with  calcite 
or  dolomite,  or  in  many  cases  with  an  opaque  brownish  granular 
ferruginous  material 

Many  of  the  lentil- like  bodies  show  no  organic  structure  within ; 
but  in  some  of  them  a  concentric  structure  is  more  or  less  observable, 
probably  indicating  the  previous  existence  of  an  oolitic  granule. 
Thus  alternating  opaque  brown  and  transparent  colourless  or  yel- 
lowish layers  are  visible  in  the  sections  shown  by  figs.  24  and  25. 

8ome  few  of  the  lentils  enclose  irregular,  frequently  angular,  frag- 
ments of  glauconite,  having  optical  characters  identicd  with  the 
glauconite  of  the  Cambridge  Greensand.  But  while  the  glauconite 
in  the  latter  case  contains  dear  and  transparent  granules,  many  of 
which  have  the  form  of  Cocooliths  and  Foraminifera,  in  the  former  it 
contains  only  black  and  opaque  granules  of  no  characteristic  form. 
On  treating  the  rock  with  dilute  add  the  calcareous  cement  which 
binds  its  parts  together  is  dissolved  away,  and  the  ferruginous  con- 
cretions are  set  f^ ;  when  washed  and  dried  they  have  very  much 
the  appearance  of  little  black  pebbles,  but  exhibit  no  further 
characters  than  those  already  described.  We  have  seen  enough, 
however,  by  this,  to  decide  as  to  their  true  nature.  Thev  are  not 
oolitic  granules  which  have  become  replaced  by  iron  oxide  (or  at 
all  events  very  few  of  them  are  so),  but  simply  rounded  fragments 
of  organic  calcite  which  have  become  enveloped  in  a  ferruginous 
covering.  Though  these  concretions  are  not  oolitic  in  the  ordinary 
sense  of  the  term,  yet  oolitic  spherules  do  really  occur  in  the  lime- 
stone. Thus,  on  breaking  open  a  compact  nodule  of  carbonate  of 
lime  which  had  been  formed  about  a  mass  of  Favosites  Mrosus  lying 
in  the  bed,  I  noticed  a  number  of  little  spherical  bodies  bearing  a 
great  resemblance,  both  on  account  of  their  faintly  bluish  colour 
and  slight  translucency  and  their  beautiful  pearly  lustre,  to  a  num- 
ber of  minute  pearls :  a  thin  slice  was  prepared  from  this  nodule ;  and 
the  "  pearls  "  were  then  found  lying  within  the  cells  of  the  FavosiUs ; 
they  only  occurred,  however,  in  those  cells  which  had  been  filled  up 
with  clear  transparent  dolomitic  caldte,  and  were  constantly  absent 
in  the  cells  whidi  had  been  filled  in  with  ferruginous  sand.  They 
were  found  to  consist  of  a  great  number  of  very  fine  wavy  layers  or 
concentric  shells  of  transparent  calcite,  having  a  faint  brownish 
colour  by  transmitted  light.  Some  of  the  layers  were  much  thicker 
than  others,  appearing  as  comparatively  broad  bands  in  section,  the 
rest  merely  as  lines  of  inappreciable  thickness.  The  pearly  lustre  of 
the  spherules  seen  by  reflected  light  appears  to  be  due  to  the  super* 
position  of  these  immeasurably  thin  layers  one  upon  another ;  the 
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bluish  tint  they  exhibit  with  reflected  light  may  be  correlated  with 
the  amber  or  brownish  tinge  they  give  to  transmitted  light,  the  rays 
reflected  and  absorbed  being,  it  would  seem,  complementary  to  each 
other. 

Between  crossed  Nicols  they  remain  dark,  though  the  thicker 
layers  appear  a  little  brighter  than  the  rest ;  the  darkness  is  also  of 
different  intensity  aloDg  certain  lines,  producing  a  very  dark  cross 
where  deepest.  Besides  the  concentric  structure,  they  exhibit  no 
other — not  a  trace  of  radiating  fibres,  such  as  one  commonly  sees  in 
concretions  of  an  oolitic  nature. 

In  one  or  two  instances  some  of  the  concentric  layers  have  begun 
to  be  stained  by  iron  oxide,  which  in  one  case  is  present  in  suf- 
ficient quantity  to  form  a  distinct  flake  of  haematite. 

In  size  the  grains  YVLTy  from  ■^"  to  j^" ;  in  form  they  differ  con- 
siderably, some  giving  an  almost  perfectly  circular  outline  in  section, 
others  a  polygonal,  oval,  or  even  heart-shaped  one ;  but  whatever 
their  external  contour,  they  nearly  all  possess  a  spherical  nucleus,  and 
the  nearer  the  concentric  layers  are  to  this  and  the  further  from  the 
exterior  the  more  they  approximate  to  the  spherical  form.  As  re- 
gards the  true  characters  of  these  grains  one  feels  a  certain  amount 
of  difficulty.  The  first  point  to  decide  is  whether  they  have  been 
formed  in  situ,  or  washed  in  from  the  exterior.  The  fact  that  they 
only  occur  in  such  cells  as  were  shut  off  from  communication  with 
the  muddy  sea-bottom,  and  so  had  become  infiltrated  with  pure 
crystalline  dolomite,  seems  to  point  to  their  formation  in  situ ;  and 
this  supposition  is  strengthened  by  the  way  in  which  some  of  them 
appear  to  have  adapted  themselves  in  their  later  stages  of  growth  to 
the  form  of  the  cellules  in  which  they  lie.  and  also  to  one  another 
when  two  or  more  lie  in  close  proximity.  Admitting  that  they  were 
formed  in  the  places  where  they  are  now  found,  one  can  only  conclude, 
further,  that  they  must  have  been  formed  by  the  successive  deposition 
of  coats  of  carbonate  of  lime,  one  over  the  other  concentrically,  on 
some  original  nucleus.  They  are  therefore  oolitic  grains  without  a 
fibrous  structure,  and  they  must  have  grown  by  a  deposition  of 
carbonate  of  lime  from  solution.  But  why,  one  cannot  help  asking, 
should  the  deposition  of  calcareous  material  have  taken  place  in  two 
very  different  ways  in  the  same  cellule  of  the  Favosites  (at  first 
about  nuclei  concentrically,  without  apparently  giving  rise  to  a  crys- 
talline structure,  and  afterwards  generally,  filling  up  the  cellule 
with  a  confusedly  crystalline  mass  of  dolomitic  calcite)  ?  One  almost 
feels  tempted  to  regard  the  oolitic  granules  as  **  calculi  *'  formed  during 
the  lifetime  of  the  Favosites ;  and  though  such  a  supposition  is  not 
probable,  it  yet  may  afford  us  a  hint  as  to  the  true  explanation ; 
for  immediately  after  the  death  of  the  Favosites  a  good  deal  of 
organic  matter  would  be  set  free,  and  would  pervade  not  only  the 
surrounding  water,  but  the  several  cells  of  the  organism.  Un- 
fortunately we  do  not  know  much  about  the  precise  mode  in 
which  the  presence  of  organic  matter  influences  the  mode  of  deposi- 
tion of  mineral  substances;  but  that  it  does  exert  a  special  influence 
of  some  sort  is  pretty  generally  admitted ;  and  it  may  be  just  poni- 
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ble  that  the  oolitic  granules  were  formed  so  long  as  organic  matter 
existed  in  the  mineralizing  waters,  and  that  ordinary  crystalline 
dolomite  began  to  be  deposited  as  the  organic  matter  disappeared. 
(A  qualitative  analysis  which  I  made  of  this  rock,  showed  the  pre- 
sence of  a  considerable  quantity  of  both  magnesia  and  phosphoric 
acid.) 

Eeviewing  the  knowledge  we  have  acquired  of  the  ferruginous 
Wenlock  limestone,  we  are  now  in  a  position  to  give  a  short  history 
of  the  course  of  its  formation.  At  first  there  existed  a  plentifcd 
growth  of  very  various  calcareous  organisms,  which  by  their  death 
and  subsequent  decay  furnished  a  considerable  quantity  of  calcareous 
fragments  to  the  deposits  accumulating  on  the  sea-floor.  Some  of 
these  fragments  were  rounded  into  minute  pebbles  either  by  solution 
in  carbonated  waters  or  by  mechanical  attrition — most  probably  by 
attrition,  since  they  are  now  often  only  small  fragments  of  what 
were  once  large  shells,  and  their  surfaces  are  smoother  than  they 
would  be  had  they  been  eroded  by  solution.  Others  of  the  frag- 
ments retained  completely  their  original  organic  form  ;  and  yet 
others  again  were  broken  up  into  fine  angular  detritus,  and  mingled 
by  a  slowly  moving  current  of  water  with  occasional  grains  of 
broken  quartz,  or  finely  divided  ferruginous  mud.  The  calcareous 
sand  thus  produced  appears  next  to  have  been  permeated  by  an 
infiltration  of  ferruginous  water,  which  thus  made  incursions  into 
the  Silurian  sea  long  before  the  time  of  the  Old  Bed  Sandstone. 
This  led  to  the  injection  of  ferruginous  matter  into  the  canals  of  the 
Brachiopod  shells  and  the  interstices  of  the  Encrinital  skeletons, 
and  also  to  the  building-up  of  successive  coats  of  iron  oxide  around 
many  of  the  rounded  calcareous  fragments.  Grains  of  glauconite, 
which  had  probably  been  previously  formed,  were  also  enveloped  in 
this  material.  At  the  same  time,  or  perhaps  previous  to  the  influx 
of  ferruginous  waters,  oolitic  granules  were  being  formed  within  the 
closed  chambers  of  such  coral-like  structures  as  now  contain  them. 
Finally  the  incoherent  mass  of  sand  and  mud  and  granules  was 
cemented  together  in  places  into  compact  nodules  and  patches,  by 
the  deposition  partly  of  iron  oxide,  but  chiefly  of  carbonates  of  lime 
and  magnesia. 

2.  Band  of  Limestone  above  the  Bhymney  Orit, — The  cut  and 
polished  surface  of  this  rock  shows  a  number  of  white,  green,  and 
pinkpatches  set  in  a  greenish-grey  ground,  corresponding  to  a  num- 
ber of  fragments  of  organic  calcite  imbedded  in  a  matrix  of  very  fine 
quartz  sand,  the  whole  being  cemented  together  by  an  impure 
glauconitic  mineral. 

The  organic  remains  revealed  in  these  sections  by  the  microscope 
are  very  numerous  and  interesting :  good  sections  of  Bryozoa  are 
frequently  seen ;  Brachiopoda  are  plentiful,  very  often  in  a  frag- 
mentary state,  but  never  incrusted  with  iron  oxide,  or  rounded  at 
the  edges;  univalves  with  their  shells  converted  into  the  crystalline 
state  are  not  rare  ;  Encrinite  skeletons  are  abundant ;  and  Porami- 
nifera  resembling  Nodosaria  and  Botdiina  are  observable  now  and 
t^en. 
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The  oaloareoufl  parts  of  the  foregoing  organisms  retain,  as  a  mle, 
their  calcareous  composition ;  but  the  hollow  spaces  within  them 
haye  become  filled  up  with  a  material  which  has  a  greenish-white 
appearance  by  reflected  light,  and  either  a  green  or  a  brownish 
colour  with  transmitted  light:  the  same  material  cements  together 
the  quartz  which  fills  up  the  spaces  in  the  rock  not  otherwise 
occupied  by  organic  constituents.  When  it  is  green  both  by  reflected 
and  transmitted  light,  it  is  insoluble  in  acids  and  probably  exists 
as  a  more  or  less  pure  silicate  of  iron ;  when  it  is  brown  by  trans- 
mitted light  it  is  soluble  in  hydrochloric  acid  and  probably  consists 
of  calcite  coloured  by  admixture  with  the  iron  silicate.  It  is  the 
soluble  material  which  chiefly  binds  the  quartz  sand  together. 

The  injection  of  the  Encrinital  skeletons  by  the  green  silicate 
has  led  to  the  preservation  of  their  structure  in  a  wonderfully  com- 
plete manner. 

Scattered  irregularly  through  the  matrix  of  the  rock,  and  arranged 
along  regular  lines  within  some  of  the  constituent  shcdly  fragments, 
occur  a  number  of  little  spherules  of  iron-pyrites,  precisely  similar 
to  these  described  in  my  paper  on  Pharetrospongia  (Quart.  Joum. 
GeoL  Soc.  vol.  xxxiii.  pp.  260,  251).  I  now  ibid  that  these  are 
very  common  constituents  of  certain  calcareous  rocks ;  they  are  beauti- 
fully exhibited  by  the  Lias  limestone  of  Aberthaw  andPenarth,  8outh 
Wales,  and  may  easily  be  obtained  for  observation  by  treating  the 
limestone  with  dilute  hydrochloric  acid,  when  they  are  left  as  an 
insoluble  residue.  Examined  as  opaque  objects  under  the  microscope, 
they  are  seen  to  be  covered  on  the  surface  by  brilliant  ciystalline 
facets,  and  look  very  much  as  the  curious  iron-pyrites  concretions  of 
the  Chalk  would  do  if  reduced  to  the  same  insignificant  dimensions ; 
nor  do  I  doubt  that  the  latter  only  difier  from  the  former  in  this  respect 
^-that  is  to  say,  as  regards  relative  size.  In  the  matrix  of  the  Lias 
limestone  they  can  be  traced,  as  in  Pharetrospotigia,  passing  into  an 
oxidized  state,  staining  at  the  same  time  the  surrounding  limestone 
with  the  products  of  their  decomposition,  and  finally  giving  rise  to 
globules  of  clear,  transparent,  blood-red  heematite.  The  size  of  the 
hsematite  globules  is  much  more  uniform  than  that  of  the  iron-pyritos 
concretions,  a  large  sphere  of  pyrites  resolving  itself  during  oxida- 
tion into  a  great  number  of  smaller  globules  of  hsematite,  which 
then  remain  all  grouped  together  as  if  subordinate  parts  of  a  common 
spherule,  thus  giving  rise  to  the  idea  that  they  might  be  spores  or 
sporangia,  as  I  suggest^  in  the  paper  before  alluded  to  (see  figs.  15 
and  16,  pi.  xi.  he,  cU,). 

Precisely  similar  but  isolated  globules  of  hsematite  are  found 
within  the  canals  of  fossil  NummuHne  Foraminifera,  and  in  this  posi- 
tion have  been  mistaken  for  the  ova  of  the  animal.  I  have  now 
seen  them  associated  with  concretions  of  pyrites  in  the  crystalline 
calcite  filling  up  the  interspaces  of  Stauronema^  inside  the  hollowed- 
out  spicules  of  Pharetrospongia,  dispersed  throughout  the  Lias  lime- 
stone of  S.  Wales  and  the  shelly  limestone  of  the  Ehymney  Silurians, 
as  well  as  in  the  canals  of  a  fossil  Operculina.  In  all  these  positions 
they  present  a  nearly  uniform  size  and  the  same  essential  diaracters. 
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I  do  not  donbt,  therefore,  that  the  red  globules  of  hsematite  have 
been  derived  by  oxidation  from  the  spherical  concretions  of  pyrites  ; 
and  I  belieye  the  latter  to  result  from  the  unhindered  orystaUization 
round  nuclear  centres  of  iron  sulphide,  resulting  from  the  reduction 
of  salts  of  iron  which  were  diffused  in  solution  throughout  the 
limestone  before  it  became  consolidated,  or  through  the  oanalB  of 
Foraminifera  before  they  had  become  completely  fossilized. 

In  concluding  the  description  of  the  limestone,  one  may  mention 
that  on  being  heated  with  hydrochloric  acid  it  dissolves,  leaving  be- 
hind an  insoluble  gritty  mud  of  a  dark  greenish  colour.  Dried  and 
mounted  in  balsam,  this  mud  is  found  to  consist  of  grains  of 
flilioeoos  sand,  globtdes  of  iron-pyrites,  and  casts  in  green  silicate 
of  minute  univalves,  Foraminifera,  Encrinital  skeletons,  and  the 
canals  of  Brachiopod  shells.  The  Encrinital  casts  are  very  beautifrd 
objects,  and  reproduce  the  form  of  the  network  so  perfectly  as  to 
mislead  one  at  first  into  regarding  them  rather  as  pseudomorphs  of 
that  network  than  as  casts  of  its  meshes. 

3.  Iron  CfaUs  in  the  Ferruginous-mud  Bed  above  ike  BhymneyOrii,^^ 
These,  when  examined  in  thin  slices  under  the  microscope,  show  a 
dark  chocolate-KK)loured,  quite  opaque  matrix  of  iron  oxide,  through 
which  are  scattered  more  or  less  sparingly  a  number  of  very  minute 
sharply  angular  frtigments  of  calcite,  with  here  and  there  a  grain 
of  quartz.  No  concentric  or  radiating  structure  is  visible  with 
transmitted  light ;  but  with  reflected  light  a  faint  concentric  line  of 
darker  colour  than  the  general  surface  can  be  made  out  near  the 
external  edge.  A  chemical  analysis  of  one  of  these  gaUs,  hastily 
made  by  Mr.  Jamee,  of  University  College,  Bristol,  gave  the  follow- 
ing results: — 

Ferric  oxide     77*6 

Silica,  soluble  and  insoluble    12*9 

Carbonic  anhydride     2*9 

Calcium  oxide 6*6 

100*0 

4.  Ferruginous  Staining  of  Ludlow  Sandstones. — Some  of  the 
greenish-coloured  sandstones  of  the  Lower  Ludlow  are  occasionally 
penetrated  by  thin  strings  of  a  bright  red  colour,  due  to  the  infil- 
tration of  red  oxide  of  iron  after  consolidation ;  sometimes  the  red 
oxide  is  present  in  such  quantity  as  to  form  thin  strings,  about  -f^" 
wide,  of  fibrous  gothite,  in  whidi  case  the  adjacent  stone  is  stained 
red  for  a  considerable  distance,  ^l  to  1  inch,  on  each  side  of  the  pure 
mineral.  The  strict  parallelism  of  the  edges  of  the  stained  bands  to 
the  joints  and  bedding-planes  of  the  sandstone  proves  the  infiltration 
to  have  been  subsequent  to  the  consolidation  and  jointing  of  the  rock. 

5,  Qbihite  in  Bedding-planes  of  Bocks  immediately  below  the  Bhym- 
ney  Orit.^ — In  the  Rh^mney  quarry  an  irregular  bed  or  series  of  len- 
ticnlar  patches  of  gothite  occurs  just  below  the  Grit,  dose  to  the  thin 
calcareous  seam  seen  here ;  it  is  from  1  to  2  inches  in  thickness, 
very  pure,  and  cavernous  in  the  middle,  the  surface  of  the  hollows 
being  frequently  lined  by  scalenohedra  of  calcite,  or  dog-tooth  spar. 
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B3CPLANATI0N  OF  PLATE  XXIV. 

Figs.  1  &  1  a.  CycUmcma  turbinatum,  sp.  n.  Ludlow,  Oae  Caetell,  Bhymiiej 
riTer.    Natural  size. 

2.  Modiolopsis  inflata^  M*Coy,  var.  el^vafa,  Soil.  Natural  cast  of  ri|:ht 
yaWe.     **  Otenodonta  "-bed,  Wenlock,  Bh^ney  Quarry.    Nat  aause, 

S&Za,  Orthonohts  navicular  sp.  n.  Ludlow,  picked  up  near  Cron  Dow- 
ton,  Bhrmney.    Nat  sice. 

4.  Bolopel/a  hydropica^  sp.  n.    "  Ctenodonta  "-bed,  Wenlock,  Rhymney 

Quarry.     Nat.  size. 

5.  Hotopella  gracilis^  sp.  n.     "  Ctenodonta  "-bed,  Rhymney  Quarry.     Nat. 

size. 

6.  HolopeUa  nUnuta,  sp.  n.    "  Ctenodonta ' -bed,  Bhymney  Quarry.    Nat 

size. 

7.  Leda  (?)  ambiyua,  sp.  n.     Ludlow,  Cae  Castell,  Bhymney  rirer.    Nat. 

size. 

8.  Murchtaonia  elegans,  sp.  n.     "Ctenodonta "-bed,  Bhymney  Quarry. 

Nat  size. 

9.  Ambot^chia  (?)  tumidti^  sp.  n.     Lower  Wenlock,  Pen-y-lan  Quarry. 

Nat.  size. 
10  Bl  10  a.  CycUmema  simplex,  sp.  n.    Wenlock  limestone,   Cae  Castell, 
Bhymney  river.     10  a.  Exterior  of  a  part  of  the  body-whorl  to 
show  the  ornamentation.    Nat.  size. 

11.  Murchisonia   ccrpulenta,    sp.  n.     Wenlock   limestone,    Oae    Castell, 

Bhymney  river.    Nat  size. 

12.  Oolitic  granules  contained  in  a  cell  of  Favosites  fibrosus.    a, a.  The 

containing  cell-wall.    Wenlock  limestone,  Cae  Castell,  Bhymney. 
Transv.  sect.    (  x  30.) 

13.  Granule  of  block  iron  oxide  (a),  containing  an  angular  fragment  of 

glauoonite  (6).    Transv.   sect      Wenlock  limestone,  Cae  Castell, 
Bhymney.     (x  30.) 

14.  Glauconite  cast  of  a  Forarainifer  dissolved  out  from  the  bed  of  lime- 

stone occurring  just  above  the  Bhymney  grit  in  the  Cae  Castell 
section.     (X  30.) 

15.  CycUmema  angtUatum^  sp.  n.     Lower  Wenlock,  Pen-y-lan  Quarry. 

Nat.  size. 

16.  Ellipsoidal  granule  of  granular  calcite  surrounded  by  a  film  of  black 

iron  oxide.    Tang,  sect    Wenlock  limestone.    (  X  30.) 

17.  Two  oolitic  granules  which  have  become  joined  together  in  the  Xnsst 

stages  of  growth.     Transv.  sect     Wenlock  limestone.    (X  30.) 
18  &  19.  Oolitic  grains  in  the  cells  of  Favomes  fbrosm,  showing  modifica- 
tion of  spherical  form   produced  bv  adaptation  during  growth. 
Transv.  sect     Wenlock  limestone.     (X  30.) 
20.  Oolitic  gram  with  deeply  inflected  margin,  lying  in  the  centre  of  a  ecU  of 

F.  fibrosus,    Transv.  sect    Wenlock  limestone.     (X  30.) 
21  &  22.  Afodiolcpsis  acutij)rora,  sp.  n.     21,  natural  cast  of  the  exterior ; 
22,  of  the  mterior,  of  the  left  valve.     "  CtenodonU  "-bed,  Wenlock, 
Bhymney  Quarry.     Nat.  size. 

23.  An  Alga  from  Ludlow  beds,  Cae  Castell,  Bhymney.    (  X  2.) 

24.  Ferruginous  grain  from  Wenlock  limestone,  Cae  Castell.    a.  External 

layer  of  granules  suspended  in  the  surrounding  matrix  of  dear 
calcile.  b.  Zone  of  black  iron  oxide,  c.  Zone  of  brownish-red 
opaque  ferruginous  materiaL  d.  Zone  of  transparent  browni^ 
calcite.    /.  White  opaque  nucleus.    Transv.  sect.    ( X  30.) 

25.  Ferruginous  grain  from  Wenlock  limestone,  Obe  Castell,  having  the 

form  of  an  Entomostracan  valve,  a.  Black  iron  oxide  surrounding 
the  granule  and  forming  more  or  less  concentric  rin^  within  it. 
This  structure  may  result  from  the  infiltration  of  an  oobtic  grain  by 
iron-oxide.     Transv.  sect.     ( X  30.) 

26.  Elliptical  rin^  of  dear  oaldte,  surrounded  by  brown  opaque  matrix 

and  endosmg  sand  grains  cemented  by  ferruginous  matter.  Similar 
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riDgs  appear  in  thin  alicee  of  the  limeBtone  lying  aboye  the  Bhjmney 
grit  Tranay.  lect.  from  Wenlock  limestone,  (Ste  Castell.  (  X  30.) 
Fig.  27.  Fragment  of  the  shell  of  a  Brachiopod,  its  aneles  haying  been  rounded 
off,  itB  surface  enveloped  and  its  canals  infiltrated  with  dark-brown 
iron  oxide.    Transy.  sect.,  from  Wenlock  limestone.    (  X  30.) 

28.  Section  of  a  Foraminifer  infiltrated  with  greenish  silicate  from  lime- 

stone aboye  the  Bhjmnej  grit    (  X  50.) 

29.  Ferruginous  granule  enclosing  a  disk  of  an  Encrinital  stem,  which  had 

been  infiltrated  by  dark-brown  iron  oxide.    Transy.,  sect,  Wenlock 
limestone,  Cae  Castell.    (  X  50.) 

DisciTSSioir. 

The  PBEsiDEin:  confirmed  the  views  of  the  author  as  to  the  non- 
organic origin  of  the  Ck)rnstones,  and  that  a  few  limestones  are  to 
some  extent  of  mechanical  origin  and  derived  from  older  limestones. 

Prof.  Ramsay  spoke  of  the  difficulty  of  getting  the  corrections 
made  by  the  Geological  Survey  engraved  on  the  Ordnance  Maps. 
The  original  mapping  was  done  as  long  ago  as  1842,  but  has  since 
been  corrected ;  and  the  Upper  Silurian  strata  of  the  region  described 
by  Mr.  SoUas  have  been  added  to  the  Map. 

Mr.  Blake  confirmed  the  accuracy  of  the  author's  descriptions 
from  his  own  observation.  He  stated  that  in  mineral  character  the 
Upper  Silurian  and  Old  Red  Sandstone  are  very  similar. 

Mr.  Jxjkbs-Browne  asked  if  there  was  any  evidence  of  any  break 
in  the  Old  Red  Sandstone. 

Dr.  Hicks  stated  that  a  species  of  Peniamerus,  of  long  range,  was 
found  in  the  Caradoc,  Llandovery,  and  Wenlock,  and  therefore  that 
it  was  difficult  frequently  to  assign  an  exact  horizon  to  some  fossils. 

Dr.  DuNCAW  could  not  agree  with  Dr.  Hicks  that  the  Upper 
Silurian  and  Lower  Silurian  could  not  be  distinguished  from  one 
another  by  their  fossils.  He  thought  that  the  grouping  of  certain 
forms  was  quite  distinct  in  the  two  series. 

Mr.  SoLLAs  replied  to  the  President  that  he  was  glad  to  receive 
such  important  confirmation  of  his  observations ;  to  Prof.  Ramsay 
that  Mr.  SoUas  had  himself  found  a  fine-grained  calcareous  marl 
in  the  gravel-pit  of  Barnwell,  Cambridge,  to  be  composed  chiefly 
of  coccoliths,  which  had  been  derived  from  the  denudation  of  the 
Chalk  hills  of  Cambridgeshire,  and  that  calcareous  sediment,  con- 
sisting of  coccoliths,  was  still  in  process  of  mechanical  transportation 
by  the  river  Cam ;  to  Mr.  Blake  that  the  species  of  Pentacrinus 
found  above  the  Wenlock  limestone,  though  smaller  than  the  ordi- 
nary P,  oblongus,  was  not  smaller  than  its  variety,  P.  Icevta^  and 
that  the  red  colour  of  the  rocks  is  to  a  great  extent  merely  super- 
ficial ;  to  Dr.  Hicks  that  he  agreed  with  him  in  thinking  that  the 
range  of  several  Upper  Cambrian  species  may  have  to  be  extended ; 
to  Mr.  Jukes-Browne  that  there  was  no  discernible  unconformity 
in  the  Welsh  Old  Rod,  and  that  the  overlap  near  Llandeilo  was 
that  of  the  Siluro-Carboniferous  scries  onto  the  Cambrian  and  not  due 
to  an  unconformity  between  the  members  of  the  Siluro-Carbonife- 
rous itself;  and  to  Dr.  Duncan  that  he  hoped  the  corals  referred  to 
by  him  might  receive  the  attention  of  one  who  understood  them 
so  welL 
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38.  On  Peelttic  and  Sphbrulitic  STBrcxiTBiB  in  the  Lavaa  of  the 
Gltdkr  Fawb,  North  Walks.  By  Fbajjk  Rutlbt,  Esq.,  F.G.S., 
H.M.  Geological  Survey.    (Read  March  12,  1879.) 

(Communicated  by  permunioii  of  the  Director-General  of  the  Geological 
Surrey.) 

Amovq  the  speoiineiiB  belonging  to  the  rock-collection  in  Jermyn 
Street  of  the  varioas  rocks  which  constitute  the  Glyders  on  the 
north  side  of  the  Pass  of  Danberis,  and  which  have  been  mapped 
by  the  Geological  Survey  as  felstonee  and  felspathic  traps,  and 
described  by  Professor  Ramsay  as  lava-flows,  I  have  discovered  one 
which  presents  unquestionable  perlitic  structure.  (The  specimen  is 
marked  376,  wall-case  41  in  the  published  catalogue.)  The  rock  is 
associated  with  Bala-beds,  and  is  overlain  by  shales  containing 
fossils  similar  to  those  which  occur  in  the  Bala  limestone. 

It  presents  the  appearance  of  a  felstone  to  the  naked  eye,  and  by 
polarized  light,  under  the  microscope,  it  shows  the  microcrystalline 
structure  which  felstones  so  commonly  exhibit.  It  is  now  practi- 
cally a  felstone  ;  once  it  was  a  vitreous  lava.  Portions  of  the  spe- 
oimen  show  a  coarsely  vesicular  structure ;  and  the  vesicles  are,  for 
the  most  part,  filled  by  crystalline  aggregates  of  quartz. 

The  above  observations  perfectly  confirm  the  early  conclusions 
formed  by  the  Survey,  which  express  as  much  truth  as  it  was  pos- 
sible to  arrive  at  in  the  absence  of  microscopic  investigation. 

The  only  additional  information  now  procured  is  that  the  lava  in 
question  was  once  vitreous,  and  that  it  still  shows  the  perlitic  struc- 
ture as  clearly  as  the  perlites  of  Saxony,  which  are  of  Tertiary  age. 
The  accompanying  figure  will  sufficiently  demonstrate   this  fact 

Section  of  Perlite  of  Esgair-fden^  TOlyder  Fuwr,  the  highest 
of  the  Lava-flows,     x  5. 


Some  of  the  other  felstones  of  the  Glyders  show  spherulitio 
structure ;  and  in  some  cases,  indeed,  they  consist  almost  exclusively 
of  little  bodies  which  frequently  present  ill-defined  or  even  serrated 
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or  dentioalate  boundaries,  as  though  their  oonfigoration  had  been 
affected  by  the  crystallization  of  the  snrrounding  matter.  These 
may  be  considered  spherolitic  rhyolites.  If  tins  assumption  be 
true,  the  spherules,  or  pseudo-spherules,  must  be  regarded  as 
crystalline  structures  emanating  from  separate  points  of  devitrifi* 
cation.  In  the  rocks  of  this  kind  which  I  have  examined  I  have 
met  with  no  trace  of  perlitic  structure.  Other  felstones  from  the 
lianberis  neighbourhood  give  evidence  of  fluxion  by  the  presence  of 
irregular  bands,  which  merely  differ  from  the  surrounding  matter 
in  texture,  and  simply  imply  a  difference  in  the  character  of  two 
imperfectly  incorporated  glasses  of  different  densities,  a  difference 
which  is  still  demonstrated  by  variation  in  the  texture  or  grain  of 
the  devitrification  products.  Some  of  the  felstones  of  the  Glyders 
contain  spheroidal  bodies,  occasionally  as  large  as  filberts.  These 
are  not  true  spherulites.  I  believe  that  they  are  now  being  examined 
and  will  shortly  be  described  by  Prof.  Bonney ;  and  since  they  are 
in  such  able  hands,  I  leave  them  alone,  resting  assured  that  due 
justice  will  be  done  to  them.  In  conclusion  I  have  merely  to 
remark  that  what  I  have  often  expressed  as  a  belief  is  now,  to  some 
small  extent,  demonstrated — namely,  that  some  of  the  Welsh  fel- 
stones are  the  representatives  of  formerly  vitreous  rocks. 

It  is  interesting  to  find  that,  from  the  Lower  Silurian  period  until 
the  present  day,  time  has  failed  to  efface  from  some  of  these  lavaa 
the  structural  features  which  characterize  rocks  of  a  vitreous  nature, 
although  they  have  long  ceased  to  possess  the  physical  characters 
by  which  vitreous  rocks  are  commonly  distinguished. 

It  is  only  by  the  recognition  of  structural  peculiarities  that  we 
can  hope  to  demonstrate  the  original  character  of  some  of  our  most 
interesting  palseozoic  lavas. 

Devitrification  has,  no  doubt,  often  obliterated  these  structures. 
We  then  have  no  clue  whatever  to  the  conditions  under  which  such 
rocks  have  been  erupted ;  and  in  view  of  this  fact  we  can  hardly 
look  forward  to  the  day  when  felstones  will  be  struck  off  the  roll  of 
normal  eruptive  rocks.  In  many  cases  felstones  are  essentially 
devitrified  hyaline  rhyolites ;  but  it  seems  impossible  to  demonstrate 
that  they  are  so  in  aU  instances.  At  the  present  time  the  felstones 
offer  some  of  the  greatest  difficulties  and  the  greatest  attractions  to 
the  student  of  petrology. 

Discussion, 

Prof.  BoHHBT  stated  that  there  could  be  no  doubt  the  Wrekin 
rocks  were  much  older  than  those  of  the  Snowdonian  district.  He 
quite  agreed  with  the  author  that  this  specimen  was  a  true  perlite. 
He  mentioned  the  fact  that  the  lavas  of  Bala  age  in  Wales  were 
generally  vitreous,  and  instanced  some  remarkable  cases  of  sphe- 
rolitic structure  from  that  district. 

Prof.  JuDD  stated  that  among  the  most  ancient  rocks  of  the  north- 
west of  Scotland  were  lavas  showing  spherulitio  and  fiuidal  struc- 
ture. These  were  abo  common  in  the  Old  Bed  Sandstone  lavas.  He 
thought  that  as  the  spherulitic^  perlitic,  and  fiuidal  structures  were, 
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in  rocks  of  modem  date,  confined  to  vitreous  yaiieties,  the  inference 
was  safe,  when  applied  to  ancient  rocks,  that  they  were  once 
glass. 

Br.  Sheibker  asked  if  an  analysis  of  the  rock  had  heen  made. 
If  the  rock  was  a  true  perlite,  there  should  be  about  80  per  cent 
of  silica  ;  if  the  rock  was  altered,  one  might  expect  a  large  excess 
of  magnesia. 

Prof.  Raksat  said  that  the  character  of  these  lava-flows  was 
evident  even  without  microscopic  examination.  He  recapitulated 
the  evidence  which  had  persuaded  him  of  this  when  surveying  the 
district,  and  expressed  doubt  as  to  the  rocks  at  the  base  of  the 
Cambrian  in  North  Wales  being  true  lava-flows. 

Dr.  Hicks  said  he  thought  there  was  no  reason  why  a  perlitic 
structure  should  not  occur  in  rocks  of  Bala  age.  He  thought  the 
first  spherulidc  rocks  recognized  in  this  country  had  come  from 
rocks  of  Arvonian  age  at  St.  David's. 

Mr.  Bauerxan  said  that  modem  lava-flows  often  cover  very  large 
areas,  as  in  North  America  and  India ;  so  the  mere  distance  of  the 
Wrekin  from  Wales  would  be  no  difficulty. 

Mr.  KiTTLEY  doubted  whether  spherulitic  structure  was  always 
connected  with  vitreous.  He  did  not  see  that  the  presence  of  mag- 
nesia woidd  prove  or  disprove  alteration.  He  did  not  think  a  rock 
could  be  vitreous  if  solidified  at  a  great  depth,  since  it  would  hardly 
be  able  to  cool  with  suMcient  rapidity. 


Digitized  by 


Google 


THBBB-TOBD  FOOTPRINTS  FROM  TRU88IC  COKOLOHERATE.  511 


39.  On  8(mu  Thbee-tobd  Footprints  from  the  Triassic  Conglo- 
MERATB  of  South  Wales.  By  W.  J.  Sollas,  Esq.,  M.A.,  F.G.S., 
Lecturer  on  Geology  at  Uniyersity  College,  BristoL  (Bead 
April  9, 1879.) 

In  the  siunmer  of  1878  an  artist  friend,  Mr.  T.  H.  Thomas,  was 
passing  through  Newton  Nottage,  a  village  near  Porth-Cawl,  Gla- 
morganshire, when  his  attention  was  arrested  by  some  three-toed 
footprints,  deeply  impressed  in  the  surface  of  a  slab  of  rock  and 
rendered  particulariy  visible  by  the  slanting  rays  of  the  setting  sun. 
Understanding  the  fuU  value  of  his  discovery,  he  at  once  communi- 
cated it  to  Mr.  B.  W.  Jones  of  Newport,  Monmouthshire,  who,  with 
lus  brother,  Mr.  T.  Jones,  Jun.,  F.G.S.,  takes  a  deep  interest  in 
every  thing  connected  with  the  progress  of  geology.  Mr.  T.  Jones 
at  once  commissioned  Mr.  J.  Storrie,  the  valued  Curator  of  the 
Cardiff  Museum,  to  obtain  casts  of  the  footprints  in  plaster  of  Paris ; 
and  Mr.  B.  W.  Jones  suggested  that  casts  should  also  be  taken  of 
the  footprints  of  some  living  birds  for  comparison. 

Accordingly  Mr.  Storrie  set  about  his  work,  which  he  most  suc- 
cessfully accomplished ;  and  Mr.  Thomas  and  myself  obtained  casts, 
in  mud  and  in  modelliug-day,  of  the  footprints  of  an  Emu  living  in 
iho  Gardens  of  the  Clifton  Zoological  Society,  and  of  a  Bhea  and  a 
Cassowary  which  are  preserved  in  a  stuffed  stato  in  the  Bristol 
Museum.  Finally  all  the  accumulated  facts  and  material  were 
placed  in  my  hands  for  description. 

The  Slah  of  Stone, — ^This  is  now  lying  in  the  N.E,  comer  of  the 
g^reen  in  front  of  the  church  at  Newton  Nottage*.  At  one  time  it 
lay  in  front  of  the  steps  of  the  village  inn,  and  has  suffered  more  or 
less  wear  in  places  in  consequence,  but  not  enough  to  obliterate  the 
diaracters  of  the  best-markcKi  impressions.  It  measures  5  feet  6  in. 
by  6  feet  1  in.,  and  consists  of  a  breccia  or  conglomerate  of  smaU 
limestone  fragments  similar  to  that  exposed  in  a  quarry  near  to 
Schorlon,  half  a  mile  west  of  Newton  Nottage,  and  which  has  been 
mapped  as  Trias  by  the  Geological  Survey.  Mr,  B.  W.  Jones's  sec- 
tion is  as  follows : — 

Section  in  Quarry  at  Schorlon,  Newton  Nottage,         ^^- 

Bed  oonglomerste  containing  pebbles  of  CarboniferouB  Limestone    ...     3 
JPlaggy  oilcveotia  beds,  with  frequent  subonguJar  pebbles  of  Lime- 
stone     6 

The  slab  beuing  footprints  is  lithologic&lly  similar  to  the  lower  beds. 

The  beds  of  this  quarry  lie  at  the  base  of  a  range  of  Carboniferous 
Limestone  hilk  trending  from  S.W.  by  S.  north-eastwards. 

TJie  Footprinti* — ^These  are  five  in  number,  lying  one  in  front  of 
the  other  on  eaob  side  of  a  mesial  line.  The  hindermost,  which  we 
shall  call  No.  1,  was  impressed  by  a  left  foot ;  and  so  were  Nos.  3  and 
*  It  has  since  been  placed  in  th»  Cardiff  Museum. 

aJ.G.S.  No.  139.  2n 
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6  counting  forwards.  Nos.  2  and  4 
are  right  feet.  The  distance  be- 
tween the  heel  of  No.  1  and  that 

of  No.  3,  is  3  feet  6  inches,  between  gi 

Nos.   3   and   6,  3  feet  2  inches,  2. 

and  between  Nos.  2  and  4,  2  feet  ^ 

10  inches.  J^ 

Thus  the  average  stride  was  3  5* 

feet  2  inches  long ;  and  the  devia-  * 

tions   from   this   seem  to  suggest  ^ 

that  the  animal  which  made  the  '^ 

marks  was  picking  its  way  through  S* 

what  was  very  pebbly  ground.    It  ^ 
does  not  seem  to  have  been  always 

successful  in  doing  so ;  for  in  the  *^ 

case  of  footprint  No.  1  the  end  of  ^• 

the  middle  toe  has  been  planted  S" 

right  on  a  large  limestone  pebble,  ^ 

which  seems  to  have  quickened  the  §* 

pace  of  the  creature ;  at  all  events  tJ  i 

the  succeeding  stride  is  the  longest  ^  S* 

of  the  three.  3  c^ 

The  best-marked  of  th  e  footprints  ^  § 

are  Nos.   1,  3,  4  and  5 ;  and  as  h3  g* 

these  do  not  differ  in  any  essential  L^  | 

detail,  but  only  vary  in  the  greater  •    3 

or  less  perfect  state  of  their  pre-  ^J^ 

servation,  it  will  conduce  to  brevity  S  ^ 

if  I  describe  the  characters  of  a  g  i 

single  one  of  them,  selecting  the  ^f* 

most  perfect  and  supplying  its  de-  ^  j^ 

ficiencies  from  the  others.  '    ^ 

This  footprint,  then,  shows  the  ^ 

marks    of   three   toes,    diverging  ^ 

from  a  posterior  heel.   The  middle  ^ 

toe  is  the  most  regularly  defined ;  g 

the  outer  toe  comes  next  in  regu-  f 

larity,   and  the  inner  last.      The  ^ 

outer  toe  is  confluent  with  the  heel ;  2 

the    middle    and   inner  toes    are  ^* 
separated  from  it  and  from  each 
other. 

The  print  of  the  middle  toe  is 

deeply  impressed ,  forming  a  straigh  t  p 

rounded  channel,  6}  inches  long,  S- 

and    contracted   and    swollen    at  •. 

intervals  in   correspondence   with  § 
the  number  and   position  of  the 
phalanges   of  the   original   digit. 
Thus  we  find  the  first  phalangeal 
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region  of  the  digit  very  well  defined,  especially  at  its  proximal  end  ; 
then  follow  the  second  and  third,  not  quite  so  marked,  but  quite 
well  enough  to  be  clearly  distinguishable ;  and  finally  there  is  a 
terminal  acutely  angular  pit,  which  represents  the  nail  and  its  as- 
sociated ossicle.  From  the  point  of  the  nail  to  the  back  of  the  heel 
measures  10  inches. 

The  outer  toe-print  is  likewise  a  straight  gutter-like  depression. 
It  originates  from  a  well-marked  heel,  from  which  it  is  separated  by 
a  slight  contraction  only.  It  is  differentiated  into  not  more  than  two 
regions^ — a  single  long  proximal  one,  deepest  distally,  and  a  sharp 
ungual  pit. 

The  inner  toe  is  5J  inches  long,  and  is  divided  into  three  imper- 
fectly defined  phalangeal  swellings,  of  which  the  middle  one  is 
deepest ;  the  terminal  one  is  possibly  ungual.  It  is  not  straight 
like  the  others,  but  curiously  splayed  outwards,  being  swollen  fost 
on  its  outer  side  towards  its  base,  and  afterwards  on  its  inner  side 
towards  the  middle  toe,  thus  giving  it  a  sigmoidal  form.  The  angle 
contained  between  the  inner  and  outer  toes  is  50",  between  the  inner 
and  middle  26°,  and  between  the  middle  and  outer  24°,  The  spread 
from  the  point  of  the  outer  to  that  of  the  inner  toe  is  6^  inches  in 
length ;  the  projection  of  the  middle  toe  beyond  a  line  joining  the 
points  of  the  inner  and  outer  toes  is  3^  inches. 

The  measurements  of  tlie  various  pcuits  of  the  five  footprints  are 
embodied  in  a  table  given  later  on,  where  measurements  of  the 
footprints  of  various  Batitous  birds  are  also  given  for  comparison. 

The  footprints  of  the  Emu,  taken  in  modelling-clay  and  after- 
wards reproduced  in  plaster  of  Paris,  are  remarkably  similar  in 
general  character  to  those  just  described.  There  is  a  very  deeply 
impressed  almoet  hemispherical  cavity  for  the  heel-point ;  an  elon- 
gated rounded  groove  represents  the  outer  toe,  and  a  small  pointed 
impression  its  nail.  The  middle  toe  is  represented  by  three  broad 
rounded  phalangeal  depressions,  and  a  pointed  ungiud  pit.  The 
proximal  phalange  is  most  deeply  impressed ;  and  it  is  worth  noticing 
that  while  the  prints  of  the  middle  and  inner  toes  are  quite  sepa- 
rated from  that  of  the  heel,  the  outer  toe-print,  on  the  contrary,  is 
connected  with  it  by  a  shallow  depression,  faintly  reminding  us  of 
the  deep  groove  which  similarly  connects  the  outer  toe  with  the  heel 
in  the  fossil  foot-marks.  The  inner  toe-print  consists  of  a  single 
elongated  pit  with  a  terminal  depression.  On  comparing  the  regions 
of  the  sole  of  the  Emu's  foot  with  its  skeletal  structure,  one  is 
struck  with  their  wide  divergence  in  details,  which  clearly  shows  the 
futility  of  too  closely  arguing  in  all  cases  from  the  skeletal  structure 
of  a  foot  to  the  impression  it  might  make  on  the  surface  of  a  sedi- 
mentary deposit.  Thus^  while  the  feet  of  most  of  the  Katitee  possess 
a  prominent  heel,  the  end  of  the  tarso-metatarsal  bone,  on  the 
other  hand,  does  not  appear  to  reach  the  level  of  the  ground ;  so 
too,  while  the  articulations  of  the  phalanges  are  the  most  swollen 
parts  of  the  digital  skeleton,  on  the  sole  of  the  foot  they  are  the 
least  so,  owing  to  the  excessive  development  of  tissue  over  the 
middle  of  the  phalangeal  bones ;  and,  finally,  while  the  inner  toe 
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possesses  three  phalanges  in  all,  and  the  outer  toe  as  many  as  fiTe, 
yet  the  imprints  left  by  these  digits  on  the  groxmd  show  only  two 
depressions  in  each  case — one  a  mere  pit  indicating  the  naO,  the 
other  a  long  groove  representing  all  the  rest  of  the  phalanges. 
Moreover  the  number  of  phalanges  indicated  varies  with  the  way 
the  foot  is  set  on  the  ground ;  thus  in  one  instance  the  Emu  in  our 
Zoological  Gardens  so  stepped  as  to  run  the  second  and  third  pha- 
langeal imprints  of  its  middle  toe  into  one. 

The  casts  taken  from  the  Khea  and  Cassowary  in  our  Museum 
are,  I  fear,  not  trustworthy,  as  the  feet  seem  to  have  lost  a  good  deal 
of  their  original  form  in  the  setting-up.  Still  they  are  available  for 
measurements  of  length,  which  are  given  in  the  following  table  : — 

Linear  and  Angular  Measurements  ^  Fossil  Foot-prinis,  and 
Foot-prints  of  Batitous  Birds. 


Footprint. 


No.  1,  Left.. 

2,  Right 

3,  Left... 

4,  Right 

5,  Left... 

Average  , 

Emu    , 

Oassowarj  .., 
Rhea    


Length 
toes. 


L     M. 


Distance  from 

point  of  toe 

to  commence- 

ment  of  heel. 


M.     O. 


10 


10 

lOJ 

10 

I' 

5 


Angle  between 
the  toes. 


O.L  I.M.  O.M. 


62r 

49** 

47** 
93° 


30° 

24° 
24'' 

2r 
2r 

22° 

29° 
43° 


22° 

ai° 

24° 

22° 
44° 
18° 
5(f 


•lis 
1^3 


Stiida 


3' 2" 


r2'8"walkiiig- 
[3' 8"  running.  ] 


The  linear  measurements  of  this  table  are  given  in  indies. 
I = inner ,  M  a  middle,  0  »  outer.  Spread = length  of  a  straight  line 
joining  the  extremities  of  the  inner  and  outer  toes.  Projection  of 
the  middle  toe  a=  distance  it  extends  beyond  the  line  of  spread. 

It  will  be  noticed  that  the  projection  of  the  middle  toe  and  the 
'*  spread  "  are  the  same  in  the  £mu  as  in  the  fossil  tracks,  notwith- 
standing tho  difference  in  their  other  dimensions.  In  size  and  an* 
gular  measurements  the  nearest  approach  to  our  footprints  is  made 
by  the  Cassowary.  It  may  be  added  here  that  the  height  of  thie 
Emu  we  examined  was  5'  9'',  of  the  Cassowary  4Vmea8ared  from 
l^e  ground  to  the  top  of  tho  crest.  Beasoning  on  the  ratio  of  the 
height  to  the  length  of  the  foot,  this  would  give  the  animal  of  the 
ichnites  a  height  of  from  6'  to  7'  8"  thus : — 


5' 9" 


rs" 


4' 
or       gn 


73"   ""    10" 

Emu.        Fossil.       Cassowary. 


lO''* 
Fossil. 


Bo  complete  is  Uie  agreement  in  all  essential  points  between  the 
footprints  in  tho  Triassic  conglomerate   and  those  of  the  living 
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Emu,  that,  leaying  all  other  considerations  out  of  the  question,  one 
would  not  feel  much  hesitation  in  declaring  for  the  Avian  and, 
indeed,  Ratitous  character  of  the  animal  which  produced  the  former. 
But  the  other  considerations  are  too  important  to  be  overlooked. 
Although  the  remains  of  fossil  vertebrates  have  in  several  instances 
been  discovered  in  the  Triassic  deposits  of  S.W.  England,  yet  none 
have  hitherto  been  referred  or  referable  to  Birds;  on  the  other 
hand  many  of  them  are  true  Eeptiles,  though  with  extraordinarily 
strong  ornithic  affinities.  The  existence  of  Dinosaurs  during  the 
Trias  gives,  indeed,  a  strong  primd  facie  probability  to  the  supposition 
that  these  associated  bird-like  footprints  were  really  produced  by 
some  form  of  Ornithic  Reptile. 

The  occurrence  of  Thecodontosaurus  and  Palceosaurus  in  the 
magnesian  conglomerate  of  Durdham  Down,  Bristol,  which  is  on 
the  same  parallel  of  latitude  as  Newton  Nottage,  and  only  45  miles 
distant,  is  very  suggestive ;  and  I  cannot  help  thinking  that  one  or 
other  of  the  animds  which  possessed  the  bones  must  have  been  a 
near  relation  to  that  which  has  left  its  footprints  in  the  magnesian 
Cv>nglomerate  of  S.  Wales. 

A  comparison  of  these  footprints  with  those  figured  by  Hitchcock 
shows  that  they  must  be  referred  to  the  genus  Brontozoumy  of  which 
they  will  form  a  new  species,  which  I  propose  to  call  Brontozoum 
Thomasi^  in  honour  of  its  discoverer. 

Supplement  hy  J.  Stobbie,  Esq.,  Curator  of  the  Cardiff  Museum. 

These  beds  are  mapped  by  the  Geological  Survey  as  dolomitic 
conglomerate  and  marlstones,  and  appear  to  lie  in  a  depression  of 
the  Carboniferous  Limestone,  by  which  they  are  bounded  on  all  sides 
except  the  W.,  where  they  dip  gradually  into  the  sea.  Imme- 
diately behind  the  village  of  Newton  on  the  N.  they  are  deposited 
close  up  to  the  base  of  the  Limestone  cliff;  on  which  most  of  the 
village  is  built ;  and  they  are  shown  all  along  the  road  to  Nottage 
at  intervals,  forming  a  sort  of  natural  pitching  for  the  road.  At 
Schorlon,  where  this  stone  was  dug  up,  I  was  unable  to  examine 
them  on  account  of  the  snow ;  but  in  the  small  exposures  I  saw  they 
seem  to  dip  very  slightly,  perhaps  2  or  3  degrees  W.  As  it  was 
useless,  on  account  of  the  weather,  to  attempt  any  thing  more  hero, 
I  proceeded  to  Porth-Cawl,  and  striking W.  along  the  shore  found  that 
the  Carboniferous  beds  still  maintained  the  same  general  characters 
as  at  Newton,  and  had  a  slight  dip  W.N.W.  of  about  8  degrees. 
About  I  of  a  mile  past  the  Best,  a  fault  about  25  to  30  yards  in 
width  occurs,  in  which  the  Limestone-beds  are  thrown  nearly 
vertical  and  considerably  crushed.  The  conglomerate  comes  in  here 
right  up  to  the  edge  of  the  fault,  and  is  nearly  horizontal  at  the 
point  of  junction,  but  increases  in  dip  gradually  as  it  extends  west- 
wards tUl  it  passes  under  the  channel  and  blown  sands  at  a 
general  dip  of  about  10  degrees.  I  examined  bed  after  bed  as  I 
walked  along  the  shore  with  the  hope  of  meeting  one  of  something 
like  the  same  texture  as  the  stone,  or  to  try  for  any  signs  of  other 
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footeteps ;  but  I  was  unable  to  find  either*.  Once  or  twice  I  had  some 
slight  hojio,  as  the  beds  grew  finer  in  texture  occasionally ;  but  they 
generally  soon  acquired  their  normal  character.  Nothing  satis- 
factory can  be  done  there  till  a  little  finer  weather  comes. 

I  prepared  sections  from  the  stone  and  also  from  some  of  the  pieces 
in  the  quarry  near  where  it  was  said  to  have  been  found.  Under 
the  microscope  the  slide  from  the  stone  itself  shows  clearly  its  con- 
glomeratic character.  One  of  the  pebbles  of  an  angular  shape  contains 
Foraminifera,  some  of  the  species  of  which  are  identical  with  those 
found  in  the  bed  on  tlie  new  road  leading  from  the  Avon  river  to 
Clifton  down,  and  marked  No.  5  in  Mr.  Stoddart's  section  of  the 
Avon  beds ;  there  are  also  a  few  small  shells  like  RoViUa ;  but  I 
cannot  have  the  species  identified,  and  it  may  perhaps  bo  new. 
The  greater  part  of  the  slide  consists  of  minute  reddish  grains  prin- 
cipally coloured  by  iron,  and  minute  fragments  of  blackish  particle3 
of  uncertain  origin. 

Another  section  of  the  same  stone  consists  wholly  of  an  oolitic 
structure  closely  resembling,  if  not  quite  identical  with,  that  shown 
by  the  bed  exposed  in  a  roadside  quarry  about  three  miles  north  of 
Cowbridge,  near  Ystrad  Owen  ;  this  bed  so  far  as  I  know,  has  not 
been  identified  with  any  other  bed  either  in  the  Avon  or  any  other 
section. 

No.  3  slide  is  not  from  the  stone  itself,  but  from  one  in  the  same 
quarry,  and  contains  a  common  species  of  Syringopora^  a  coral 
frequent  in  the  Carboniferous  Limestone  and  not  confined  to  any 
particular  horizon  ;  it  seems  to  occur  very  abundantly  in  the  con- 
glomerate, as  all  along  the  road-eide,  where  the  walls  are  built  of  it, 
patches  of  this  coral  occur  here  and  there  in  the  blocks. 

No.  4  slide  is  also  from  a  piece  from  the  same  quarry,  and  contains 
Splrorbis  nearly  as  abundantly  and  in  much  better  preservation 
than  in  any  pieces  I  have  found  before.  I  have  found  them  in 
pretty  fair  condition  in  a  bed  at  the  old  quarry  at  Rurbina,  about  a 
mile  east  of  Castle  Coch,  where  they  occur  at  the  base  of  the  Lower 
Carboniferous  slates. 

This  leads  me  to  believe  that  this  conglomerate  was  formed  from 
the  debris  of  a  shore  where  the  lower  Carboniferous  shales  and 
limestone  formed  the  sea-cliff,  and  where  no  trace  of  other  beds 
were  present ;  no  doubt  they  were  laid  down  exactly  as  the  beds  in 
the  Channel  are  at  present  from  the  washings  of  the  clifls  at 
Pcnarth. 

DrscrssioN. 

Prof.  Hull  pointed  out  that  Prof.  Marsh  had  suggested  that  the 
supposed  footprints  of  birds  in  the  Connecticut  valley  may  probably 
have  been  made  by  Dinosaurs. 

*  Additional  specimenaof  similar  footprints  have  since  been  found  "puddled 
together  "  at  Newton. 
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40.  On  Retnaitis  of  Mastodon  and  other  Vertebrata  of  the  Mio- 
cene Beds  of  the  Maltese  Islands.  By  A.  Leith  Adams,  Esq., 
F.R.S.,  F.G.S,  Professor  of  Natural  History  in  Queen's  College, 
Cork.  (Read  December  18,  1878). 
[Plate  XXV.] 
The  well-deserved  reputation  maintained  by  the  Maltese  Islands 
in  connexion  with  their  fossil  fauna  has  been  increased  by  a  dis- 
covery lately  made  by  my  distinguished  friend  Mr.  C.  A.  Wright, 
F.L.S.  In  a  collection  of  animal  remains  he  has  lately  forwarded 
to  me  from  the  Miocene  beds  of  the  islands,  among  other  interesting 
relics  I  find  two  molars  of  Mastodon.  The  finding  of  Proboscideans 
in  the  rock-strata  is  of  especial  concern,  and  cannot  prove  otherwise 
than  suggestive  with  reference  to  the  historical  geology  of  the  de- 
posits. I  proi)ose  therefore,  in  the  first  place,  to  epitomize  the  main 
facts  relating  to  the  structure  and  stratigraphical  arrangement  of 
the  beds  and  their  characteristic  fossils,  considering  especially  how  far 
there  is  evidence  of  any  of  the  fauna  having  been  derived  from  older 
formations.  In  the  second  place,  I  will  enumerate  all  the  Vertebrata 
hitherto  discovered  in  the  Miocene  beds.  The  Invertebrata  have 
been  carefully  described  or  named  by  Forbes*,  Wiightt,  Davidson^, 
Rupert  Jones§,  Martin  Duncan  ||,  and  Woodwardlf.  As  described 
in  a  previous  paper**,  Maltese  formations  are  divisible  into  (1)  the 
Upper  Limestone,  (2)  8and  bed,  (3)  Marl,  (4)  Calcareous  Sand- 
stone, (5)  Lower  Limestone  ;  all  of  which  are  conformable. 

I.  The  Upper  Limestone  attains  its  greatest  depth  in  the  island 
of  Comino,  which  is  composed  of  it  entirely,  attaining  a  thickness  of 
about  250  feet  above  the  sea-level.  It  is  the  surface-formation 
along  the  western  portion  of  Malta  and  the  highlands  of  Gozo  ;  but 
I  doubt  if  its  original  thickness  is  preserved  anywhere.  Indications 
of  more  recent  beds  are  seen  in  blocks  of  weathered  limestone 
known  as  the  Gozo  marble,  which  are  seen  strewing  the  valley  east- 
ward of  the  light-house  on  the  northern  shore,  and  in  fragments  of 
a  black  marble  or  limestone  which  strew  the  sides  and  summits  of 
the  Gozo  hillbft.     I^ke  all  the  other  beds,  it  has  been  extensively 

*  Proc.  Geol.  Soc.  toI.  iv.  p.  230. 

t  Ann.  &  Mag.  Nat.  Hist.  ser.  2,  vol  iv. ;  Quart.  Journ.  Qeol.  Soc.  toI.  xx.  p.  474. 

J  Ann.  &  Mag.  Nat.  Hist.  ser.  3,  vol.  xiv. ;  &  Geol.  Mag.  1864. 

f  Geologist,  April  1864,  &  GeoL  Mag.  vol.  i.  p.  102. 

B  Geol.  Mag.  vol.  i.  p.  97. 

iT  Beport  Brit  Assoc.  1872,  p.  325.  Dr.  Woodward  is  engaged  in  working  out 
the  Crustacea  collected  by  me  in  the  Maltese  Islands. 

**  Quart  Journ.  Geol.  Soc.  vol.  xx.  p.  470.  See  also  Spratt,  Proceed.  Geol. 
Soc  vol.  iv.  p.  225.  The  geological  map  appended  to  the  author's  memoir 
on  the  elephants  of  Malta  in  the  Trans.  Zool.  Soc.  vol.  ix.  pi.  xxii.  may  be  referred 
to  with  advantage. 

ft  A  fragment  of  this  limestone,  examined  by  Professor  Bupert  Jones,  F.B.S., 
showed  AmpkisfegiruB  and  ossicles  of  Asteroidea.  There  can,  I  believe,  be  httle 
doubt  that  these  fragments  have  no  connexion  whatever  with  any  of  the  exis- 
tent formations  of  the  islands.    (GeoL  Mag.  vol.  iii.  p.  152.) 
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denuded  at  different  points,  and  is  being  now  rapidly  broken  np  by 
aqneoos  and  atmospheric  agencies.  In  its  stmcture  the  following 
characters  seem  constant.  (1)  The  upper  portion  is  much  broken 
and  intersected  by  cracks  and  fissures,  forming  a  rubbly  white  lime- 
stone, which  forms  the  surface  rock  of  the  Benjemma  plateau.  (2) 
The  above  passes  imperceptibly  into  a  yellowiwi  white  rock,  which 
is  soft  and  forms  almost  a  calcareous  sandstone  easily  acted  on  by 
the  weather,  as  is  well  seen  on  the  cliffs  west  of  CittA  Vecchia, 
(3)  The  last  gradually  merges  into  a  red  limestone  of  oonsiderable 
durability  and  composed  more  or  less  of  Corallines,  NuUipores^  Poly- 
soa,  &c.  It  forms  a  prominent  feature  in  the  dilte  of  Gozo  and 
south- western  aspects  of  Malta. 

The  inyertebrate  fossils  of  the  Upper  Limestone  are  numerous ; 
but  it  is  markedly  poor  in  vertebrata  as  compared  with  the  under^ 
lying  formations. 

The  following  Brachiopoda  collected  by  me  in  the  Upper  Lime- 
stone have  been  determined  by  Mr.  Davidson*,  F.R.S., — TerehratuU 
sintMsa,  Megerlia  truncata,  Argiope  decoUaia,  Bhynchondld  hipar^ 
tita. 

The  Mollusoa  are  represented  by  at  least  five  species  of  Peeten — to 
wit,  P.  Pandora^  P.  hurdigaUnsis^  P.  Beudanti^  P*  scabellus^  P. 
varius — and  3  or  4  undetermined  species.  Spondylus  qmnqueco$latu8 
is  common.  Casts  of  Conus^  Venus^  Cardiuniy  Turri4eUa^  Halioiis^ 
Murex^  Fusus,  and  other  genera  are  not  uncommonf. 

The  Echinodermata  amount  to  25  species,  of  which  ten  seem 
peculiar,  whilst  Clypeaster  aUus,  C.  marginatus,  and  Cidaris  mcli- 
tensis  are  among  the  most  common  species,  and  they  are  likewise  met 
with  in  the  Sand  bed. 

II.  The  Sand  bed  is  the  most  variable  of  all  the  formations,  both 
as  relates  to  its  mineral  composition  and  its  organic  remains.  The 
point  of  transition  between  it  and  the  Bed  Limestone  is  often  im- 
perceptible, the  latter  gradually  becoming  less  compact  and  more 
granular  until  it  degenerates  into  an  indurated  red  sand  made  up 
more  or  lees  of  the  Heierostegina  depressa,  which  forms  horizontal 
bands  along  cliff-sections  or  lies  in  disordered  masses  throughout 
many  feet  perpendicularly.  These  characters  are  displayed  in  cliff- 
exposures  south  of  DingU  in  Malta,  and  in  the  ravines  of  Emthaleb 
and  Bamla  Bay  in  Gozo. 

Sometimes  the  Upper  Limestone  gradually  merges  into  a  black 
indurated  sand  composed  of  particles  of  glauconite,  felspar,  topaz, 
&c.,  which  forms  a  variegated  bed  made  up  of  black,  green,  brown, 
and  red  sands  intermixed  and  stratified.  This  variety  is  well  seen 
on  the  scarp  of  the  hill  of  Chelmus  in  Gozo,  where  it  is  ftdly  30 
feet  in  thickness.  Altogether  the  greatest  depth  attained  by  the 
Sand  bed  may  be  little  less  than  60  feet. 

The  characteristic  fossil  of  this  bed  is  undoubtedly  the  Forami- 

*  Annab  &  Mag.  Nat.  Hist.  vol.  xiv.  (3rd  Series).  &  Geol.  Mag.  1864. 

t  Author's  '  Notes  of  a  Naturalist  in  the  Nile  Valley  and  Malta,' p.  26((. 
The  Maltese  Miocene  Mollusoa  were  irst  named  by  the  late  Professor  Bdwaid 
Forbes;  see  Proceedings  Geol.  Soc.  yoL  iy.  pp.  230  &  231. 
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nifer  just  named,  which,  howerer,  is  not  confined  to  it,  but  is  met 
with  in  all  the  beds,  although  never  in  the  exceeding  numbers  which 
characterize  the  red  or  Jfeterostegina-Btratiim, 

Of  Yertebrata,  out  of  15  forms  in  the  Sand  bed,  only  two  species 
of  Pycnodont  fiiies  have,  so  far  as  I  know,  turned  up  in  the  Upper 
limestone. 

There  is,  however,  a  decided  agreement  between  the  Invertebrata, 
as  is  shown  by  no  less  than  14  genera  and  many  species  being 
oommon  to  both. 

The  genus  Pecien,  so  plentiful  in  the  Maltese  Miocene,  is  represented 
in  the  Sand  bed  by  four  species,  also  met  with  in  the  Upper  Lime- 
stone. Of  the  Brachiopoda,  Terebratu!<$  sintwsa  and  Meijerlta 
truneata  are  oommon  to  both  formations,  besides  nine  species  of 
Echinodcrmata,  whilst  nearly  all  the  Polyzoa,  Coelcnterata,  and 
Protozoa  seem  undistinguishable. 

III.  The  Marl  bed  varies  very  much  in  thickness,  thinning  out  for 
a  depth  of  upwards  of  a  hundred  feet  to  scarcely  an  indication  of  its 
presence.  It  is  the  most  perishable  of  the  beds,  and  is  being  rapidly  de« 
nuded.  It  varies  in  colour  and  composition,  from  a  dark  blue  or  drab 
colour  to  a  light  brown  or  grey ;  some  sorts  form  a  faii^  plastic  clay, 
being  both  stiff  and  tenacious,  whilst  the  light-coloured  run  in  the 
form  of  horizontal  bands. 

Of  foreign  components,  nodules  of  sulphuret  and  peroxide  of 
iron,  and  gypsum,  are  plentiful,  and  often  incrustthe  fossil  remains, 
whilst  the  crystalline  and  lamellar  varieties  of  gypsum  are  also 
common.  Besides  these,  nodules  of  an  ochreous-coloured  clay  per- 
forated by  Phclad'horingSy  and  containing  casts  of  these  moUusks,  are 
not  rare,  and  are  apparently  derivative. 

The  most  characteristic  fossils  of  the  Marl  are  a  cuttle-bone  of  a 
small  Sepia  and  casts  of  Nautilus,  which  Dr.  Woodward,  F.li.S., 
and  his  late  brother.  Dr.  S.  P.  Woodward,  F.G.S.,  assured  me  are 
undistinguishable  from  the  typical  specimen  of  Nautilus  ziczac. 

The  organic  remains  are  not,  as  a  rule,  in  a  good  state  of  pre- 
servation ;  however,  out  of  25  genera  and  species  of  Mollusca  be- 
longing to  the  Band  bed,  I  have  recognized  as  many  as  13  in  the 
Marl.  The  only  Brachiopod  of  the  two  upper  formations  that  I 
have  likewise  found  in  the  Marl  is  Terehratula  sinuosa,  which  is  not 
uncommon,  and  is  the  only  representative  of  the  group  I  have  seen 
from  this  bed. 

Of  the  11  Echinodcrmata  of  the  Sand  bed  not  a  single  species  has 
turned  up  hitherto  to  my  knowledge  in  the  Marl ;  but  Echinolamjiaa 
LauriUardi  is  common  to  the  Marl  and  the  Upper  Limestone,  whilst 
Hemiaster  Scillo}  makes  its  first  appearance  in  the  Marl.  These  are 
the  only  Eohinida  I  have  found  in  the  latter,  excepting  ossicles  of  un- 
determined  species  of  Asteroidea,  which  are  found  in  all  the  for- 
mations. 

IV.  The  Calcarbotts  Sakdstone. 

The  point  of  transition  between  the  Marl  and  the  Calcareous 
Sandstone  is  often  abrupt. 

The  latter  presents  considerable  variability  both  in  the  general 
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character  of  the  rock  and  its  components.  The  most  interesting 
are  four  well-marked  seams  of  nodules,  which  differ  considerably. 
Many  of  these  lumps  contain  oasts  of  MoUusca,  and  display  appear- 
ances of  having  been  rolled.  They  may  be  irregular  in  shape  and 
consistence^  or  polished  and  rounded.  The  following  is  the  result 
of  very  many  careful  examinations  of  cliff-  and  horizontal  sections  of 
this  formation  made  by  me  during  five  years'  work  on  the  Maltese 
deposits. 

The  uppermost  portion  of  the  bed  is  composed  of  a  pale  grey 
freestone,  soft  and  easily  worked.  Traversing  this  bed  is  a  band  of 
nodules,  for  the  most  part  rounded  and  loosely  arranged  :  it  often 
thins  out  to  a  mere  indication  of  a  bed  ;  indeed  it  would  seem  to 
be  sometimes  wanting.  This,  the  First  Nodule  seam,  is  generally 
characterized  by  the  abundance  of  casts  of  what  have  been  supposed 
to  be  a  Pteropod  allied  to  Hyaleay  and  a  Vaginella  undistinguish- 
able  from  V.  de^ressa. 

About  eight  feet  below  the  last  nodule-seam,  in  a  fawn-coloured 
sandstone,  is  the  Second  Nodule  seam,  which  is  readily  distin- 
guished, not  only  from  its  position  but  from  the  small  round  nodules 
and  their  loose  arrangement.  They  are  usually  of  a  brown  colour ; 
and  when  broken  present  no  apparent  characters  distinct  from  those 
of  the  parent  rock.  The  thickness  of  the  band  is  often  from  three  to 
four  feet.  It  abounds  with  organic  remains,  and  has  produced 
nearly  all  the  Vertebrata  and  the  majority  of  the  Invertebrata  of  the 
Calcareous  Sandstone.  It  is  a  famous  horizon  from  which  the  teeth 
of  Squalidae  are  obtained. 

About  the  middle  of  the  bed  a  few  scattered  nodules  of  a  light 
green  colour  extend  in  broken  lines,  but  rarely  agglomerated ;  and 
they  are  not  unfrequently  absent. 

About  thirty  feet  below  the  second  seam  is  the  Third,  distin- 
guishable by  the  irregular  shape  of  it<s  nodules,  which  are  of  a  dark 
brown  colour,  firmly  cemented  together,  and  apparently  of  the  same 
mineral  structure  as  the  parent  rock.  They  repose  on  a  surface 
broken  up  by  pot-holes  and  crevices,  in  which  many  of  the  nodules 
are  contained.  This  stratum  is  highly  fossiliferous ;  but,  from  the 
firmness  and  hardness  of  the  matrix,  organic  remains  are  extracted 
with  difliculty.  It  varies  in  thickness  from  1  to  4  feet,  and  may  be 
seen  to  the  greatest  advantage  on  the  shore-line  westward  of  the 
lighthouse  of  Gozo. 

Prom  twenty -four  to  forty  feet  below  the  last  is  the  Fourth  Seam 
in  a  pale-coloured  sandstone.  It  is  made  up  of  light-brown 
nodules  of  irregular  shape  and  of  variable  thickness.  It  marks  the 
point  of  transition  between  the  Calcareous  Sandstone  and  Lower 
Limestone  beds.  Sometimes  a  seam  of  rounded  nodules  of  lime- 
stone traverses  the  rock  in  place  of  these  calcareous  nodules ;  the 
former  differ  in  their  waterwom  aspect  and  the  great  firmness  of 
their  matrix,  which  is  composed  of  fragments  of  shells  of  various 
forms  found  in  both  formations.  Moreover  the  fourth  nodule  seam 
may  be  replaced  by  lines  of  broken  shells. 

As  to  the  mineral  composition  of  the  nodules  generally,  I  repeat 
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that  there  was  apparently  no  distinction  to  be  mado  between  them 
and  detached  fragments  of  the  parent-rock  or  of  the  Lower  Limestone, 
as  the  case  might  be.  They  had  the  aspect  of  having  been  washed 
and  worn  by  marine  action,  and  contained  the  fossils  of  the  bed 
and  many  forms  not  found  in  it. 

The  greatest  thickness  of  the  calcareous  sandstone  may  be  a  little 
over  200  feet. 

Besides  the  nodule  seams,  interspersed  throughout  the  bed  are 
dense  bands  and  nodules  of  chert,  of  a  grey-brown  colour  and  con- 
ohoidal  fracture.  These  may  take  the  shape  of  rounded  masses,  but 
are  oftener  seen  forming  thin  seams  in  a  pale-coloured  sandstone 
towards  the  base  of  the  bed.  Concretionary  nodules  of  red  hsBma- 
tite  and  clay-ironstone  are  also  met  with  throughout  the  bed,  but 
in  greatest  abundance  in  the  upper  parts  near  to  the  marl ;  also  in 
the  same  situation  nodules  of  crystallized  gypsum  appear,  even 
below  the  first  nodule  seam,  where  lumps  of  iron-pyrites,  with 
sulphur  in  small  quantities,  are  met  with  as  in  the  overlying  marL 

The  Vertebrata  will  be  noticed  in  the  sequel. 

The  invertebrate  fauna  of  the  Calcareous  Sandstone  and  the 
nodule  seams  are  conspicuously  represented  by  Pecten  and  Echinida, 
Pectin  cristatuSy  Bronn?,  P,  scabellvSy  and  P,  squamulofus  being 
plentiful.  Clavagella  and  from  2  to  3  species  of  Scularia,  and 
Spondyltts,  Ostrea  Bobkiyei,  and  0.  Virhti  are  common,  besides 
numerous  other  species  *. 

Out  of  21  forms  met  with  in  the  Marl,  about  12  aflfect  also  the 
Calcareous  Sandstone  and  its  nodule  bands. 

The  Brachiopoda  are  Terebi'atula  sinuosa,  T.  minor,  TerehratuUna 
caput'SerpentiSy  and  Thecidium  Adamsi^  the  first  being  the  only  one 
common  also  to  the  marl. 

Of  22  species  of  Echinodermata  found  in  the  Calcareous  Sandstone, 
9  are  common  to  it  and  the  Upper  Limestone,  whilst  4  are  also 
common  to  the  Sand  bed,  and  2  are  also  found  in  the  Marl. 

Foraminifera  in  this  bed  are  noticed  GeoL  Mag.  vol.  iii.  p.  152. 

V.  The  Lower  Limestone  has  its  upper  horizon  marked  by  what 
I  have  named  the  "  Transition  or  Seutella-hed  "  f. 

The  upper  portion  of  this  stratum  passes  so  imperceptibly  into 
the  Calcareous  Sandstone  that,  were  it  not  for  certain  organic  remains 
which  constantly  mark  the  point  of  transition,  it  would  be  difficult 
to  define  where  the  one  ends  and  the  other  begins. 

The  saucer-shaped  Scuttlla  suhrotunda  and  the  Orhitoides  Man- 
ielli  X  congregate  in  the  above  situation  in  great  abundance. 

The  Lower  Limestone  presents  considerable  variability.  It  may 
be  concretionary  and  oolitic  in  its  composition,  or  irregularly  com- 
pact and  often  semicrystalline.  Large  portions  are  made  up  of 
broken  shells.  Corallines  and  Foraminifera,  whilst  the  structure  of 
much  of  the  upper  parts  is  made  of  globular  white  nodules,  strewn 
irregularly  throughout  a  lamellar  or  concentric  bedding. 

The  colour  varies  from  a  pure  white  to  a  cream-colour. 

*  Author.  &p.  cit,  p.  129  ;  Forbes,  Proc.  Geol.  Sec.  iv.  p.  230. 

t  Op,  cit.  p.  138.  \  OeoL  Mag.  toI.  i.  p.  104,  and  vol.  iii.  p.  152. 
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The  Lower  limestone  attains  a  height  of  about  400  feet  above 
the  sea-leyel. 

A  nodule-seam  frequently  replaces  the  SeutelUh-  or  OrhiUndet- 
stratum,  and  is  made  up  of  detached  fragments  of  the  parent  rock 
and  the  Calcareous  Sandstone  firmly  cemented  together.  At  Eas- 
el-Kala,  in  Qozo,  it  is  represented  by  a  remarkable  bed  of  oyst^sc^ 
shells,  chiefly  belonging  to  Ostrea  BdHayei. 

The  difficulties  attending  examinations  of  the  diff-sections,  toge- 
ther with  the  indifferent  state  of  preservation,  render  the  enu- 
meration of  the  fauna  of  the  lowermost  bed  more  imperfect  than  that 
of  the  others.  Besides  the  foregoing,  Ostrea  navicularis,  a  fossil  of 
the  Sand  bed,  is  also  common  in  the  lowermost  rock.  P&Uen  cru- 
tatus,  Broun  ?,  is  apparently  ako  plentiful,  together  with  P,  squamu- 
losus  of  the  Sand  and  Calcareous  Sandstone ;  and  what  has  been 
named  P.  varius  is  also  apparently  common  to  all  the  formations 
excepting  the  Calcareous  Sandstone.  S2>ondylu8  quinquecostcUuSy  or 
else  a  very  closely  allied  species,  is  common  to  the  Upper  and  Lower 
Limestones  besides  the  Calcareous  Sandstone.  But  the  charac- 
teristic and  most  plentiful  fossils,  especially  in  the  uppermost  portions 
of  the  Lower  Limestone,  are  casts  of  Conus,  some  of  large  size,  and 
other  genera  not  sufficiently  preserved  to  admit  of  specific  deter- 
mination, among  others  lialiotisy  of  which  there  are  apparently 
more  than  one  species ;  indeed  the  genus  is  represented  in  all  the 
formations. 

The  Brachiopoda  are  Terebratula  minor  and  ThectcUum  Adamsiy 
common  also  to  the  Calcareous  Sandstone. 

The  Echinodermata  identified  by  me  amount  to  20  species,  of 
which  13  are  also  common  to  the  Calcareous  Sandstone*  1  {H,  gcilla:) 
to  the  Marl,  3  to  the  Sand  bed,  and  11  to  the  Upper  Limestone — to 
wit,  Gidaris  mditensis,  Pmmmechintis  Ducei,  Echinolampas  Kleinii^ 
HemiasUr  CotUaui,  Schizaster  ScUIcb,  S,  Parkinsonii  (the  most 
common  Echinoid  in  the  Maltese  Tocka\  Toxobrissus  crescentints^ 
Brissiis  cylindricus,  B.  ohlonguM,  Eupatagus  De'Koninckiif  Spa- 
tangus  delphinus, 

Eoraminifera  in  this  bed,  noticed  in  Geol.  Mag.  vol.  iii.  p.  152. 

I  must  here  take  notice  of  a  remark  of  M.  Fuchs  in  a  note  to  his 
paper  on  the  "  Age  of  the  Tertiary  Beds  of  Malta "  ♦,  wherein  he 
observes  "  that  the  statement  advanced  by  Spratt,  Adams,  and  other 
authors,  that  the  same  species  of  Pecten  and  Echinida  recur  in  tiie 
Lower  as  well  as  in  the  Upper  Limestone,"  is  not  correct,  and  that 
the  error  may  have  arisen  from  confounding  P.  Haueri  and  cUhtws 
of  the  lower  beds  with  P.  spinulosus  and  costaius^  which  occur 
equally  plentifully  in  the  upper  beds.  Again,  the  writer  observes 
"  that,  with  the  exception  of  the  Thecidium  Adamsi  from  the  Lower 
Limestone,  aU  the  remaining  Brachiopoda  were  exceedingly  rare, 
although,  according  to  the  statements  of  the  authors,  they  are  said 
to  occur  not  only  in  great  quantities,  but  are  even  said  sometimes  to 
form  whole  banks."     M.  Fuchs  further  states  that  "he  was  unable 

*  Berichte  der  Akademie  der  WiKjenaohaften,  Munich,  Id.  p.  92. 
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to  discover  TerebrcUiUa  ampulla^  T.  minor^  and  Terebratulina 
caput'Serpentis,^*  He  moreover,  in  consequence  of  his  failure  to  dis- 
cover these  species,  supposes,  as  they  are  plentiful  in  the  Pliocene 
of  Sicily,  that  certain  specimens  descrihed  by  Davidson  were  im- 
ported from  that  island  and  incorporated  with  the  Maltese 
Miocene. 

With  reference  to  the  Pectens  above  mentioned,  whilst  I  admit 
the  possibility  of  confounding  the  broken  and  scarcely,  at  the  best, 
entire  specimens  from  the  Lower  Limestone  with  T,  spinulo9us  and 
T,  eostatus,  so  plentiful  in  the  red  or  coralline  bed  of  the  Upper 
Limestone,  I  must  aver,  so  far  as  the  Brachiopoda  and  Echino- 
dcrmata,  whose  distributions  have  just  been  detailed,  are  concerned, 
I  see  no  reason  whatever  to  retract  any  thing  that  I  have  stated,  or  in 
the  observations  made  by  me  in  the  jfepers  on  these  two  groups,  so 
ably  described  by  my  distinguished  friends.  Dr.  Wright,  F.R.S., 
F.G.S.*,  and  Mr.  Davidson,  F.R.S.t  At  the  same  time  I  quite  agree 
with  the  latter  that  the  so-called  "  Maltese  '*  Waldheimia  Oaribal- 
(lianaX  bas  assuredly  no  claims  to  be  so  considered ;  and  I  can  suggest 
the  probable  cause  of  M.  Fuchs's  bad  fortune  in  not  finding  fossils  in 
the  Maltese  beds  where  his  predecessors  assert  they  are  common,  by 
the  circumstance  that  as  the  majority  of  the  specimens  are  obtained 
from  cliff  and  horizontal  sections,  where  the  rock  decomposing 
leaves  the  fossil  prominently  exposed,  it  so  happened  that  during 
a  x>eriod  of  nearly  six  years  I  was  almost  constantly  engaged  with 
others  in  making  collections  wherever  the  nature  of  the  ground 
would  permit  a  sound  footing ;  so  that  many  exposures,  once 
extremely  prolific  of  fossils,  became  absolutely  denuded  of  every 
vestige  of  animal  remains  recognizable,  at  all  events,  to  the 
naked  eye. 

Consequent  on  the  apparent  discrepancies  between  the  uppermost 
and  lowermost  beds,  M.  Fuchs,  in  his  able  and  interesting  paper 
just  referred  to,  divides  the  Maltese  beds  into  two  groups,  which  ho 
considers  are  "  polaeontologically  roost  sharply  separated  from  one 
another,  and  have  only  a  very  few  fossils  in  common  " — a  statement 
true  in  some  degree,  but  certainly  not  to  the  extent  he  imagines ; 
nor  is  it  so  pronounced  as,  in  my  opinion,  to  warrant  the  removal 
of  the  uppermost  beds  from  the  other  formations. 

I  shaU  now  proceed  to  the  consideration  of  the  vertebrate  fauna 
of  the  formatiofis. 

VERTEBRATA. 

Mammalia. 
Mastodon  aitoustidens  ?    (Plate  XXV.  figs.  5,  5  «.) 

The  specimens  by  which  the  presence  of  remains  of  Mastodon  in 
the  lower  beds  of  the  Miocene  formations  of  the  Island  of  Qozo  is 
established,  comprehend  two  imperfect  molars.     Fig.  5  retains  only 

*  Op,  cU,  p.  474.  t  Ann.  &  Mag.  Nat.  Hist  eer.  3,  vol  xir.  p.  5« 

{  Geologist,  1862,  p.  446,  pi.  24.  f.  19. 
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the  two  anterior  and  one  of  the  middle  ridges,  the  remainder  of  the 
crown  having  been  broken  recently  and  lost. 

The  other  tooth  is  still  more  imperfect,  only  one  of  the  anterior 
and  middle  nipples  remaining.  It  differs,  however,  from  the  former 
crown ;  for  whilst  its  anterior  ridges  have  also  been  quite  recently 
broken  off,  the  surface  of  the  tooth,  where  the  two  companion  ridges 
of  those  still  extant  should  be,  is  firmly  incrusted  with  the  matrix, 
showing  that  the  enamel  had  been  denuded  prior  to  or  during  the 
imbedment  of  the  tooth. 

Both  molars  have  the  bases  of  their  crowns  where  the  fangs 
originate  also  covered  with  the  characteristic  calcareous  sandstone 
of  the  islands. 

Mr.  Wright  informed  me  that  he  procured  the  specimens  from  a 
native  boy,  and  that  he  visited  the  spot  and  fully  confirmed  the 
statements  of  the  finder.  The  specimens  were  found  at  different 
times  by  the  same  lad,  and  were  cut  out  of  the  solid  compact  Cal- 
careous Sandstone  *. 

The  specimen  fig.  6,  was  discovered  in  October  1871,  on  one  of  the 
*^  nodule-seams  "  of  the  Calcareous  Sandstone,  close  to  the  shore,  and 
nearly  at  the  sea-level,  in  the  Bay  of  Marsa  el  Forno,  on  the  N  Je.  of 
Gozo. 

The  other  tooth  "was  found  in  December  1873  in  the  same 
horizon,  but  at  a  distance  of  a  few  hundred  yards  further  west- 
ward, near  the  promontory  called  Kola  Baida." 

The  characters  and  state  of  detrition  of  the  crowns  are  the  same 
in  both  teeth,  which  are  no  doubt  penultimate  molars. 

That  they  belonged  to  a  trilophodont  Mastodon  seems  to  me 
probable  from  the  diminished  extent  of  continuity,  indicating  a 
surface  barely  sufficient  for  two  additional  ridges,  and  which  must 
have  been  smaller  a  good  deal  than  those  still  existing. 

Both  molars,  especially  that  shown  in  fig.  5,  display  much  rough- 
ening (r)  of  the  enamel  around  the  base  of  the  ridges  and  out- 
lying mamillsB.  In  these  respects,  as  in  the  presence  of  other  digi- 
tations  on  the  crown  and  sides  of  the  ridges,  they  approach  M,  a»- 
gugtidens  rather  than  M,  Borsoni  in  character. 

A  broad  pressure-mark  (p)  is  seen  on  either  tooth  on  the  talon. 
The  dimensions  and  characters,  so  far  as  procurable,  agree  with 
those  of  the  penultimate  of  M,  angustidens ;  but  altogetlier  they  are 
insufficient  for  the  differentiation  of  species. 

Phoca  buoosidens,  Owen. 

Professor  Owen,  to  whom  I  sent  the  teeth  (PL  XXV.  figs.  1,  2) 
from  Malta,  has  named  them  rugo9ideiw,  firom  the  pronounced 
roughening  of  the  enamel.  Altogether  four  specimens  were  dis- 
covered in  the  Calcareous  Sandstone  of  Gozo  t,  two  of  which,  from 
Mr.  Wright's  collection,  are  also  represented  with  the  above. 

*  The  matrix  corresponded  with  the  locality  pointed  out.  In  the  case  of 
fig.  6,  Mr.  Wright  examined  the  cutting  made  with  a  knife  in  the  rock  to  extract 
the  epeoiwen. 

t  Notes  of  a  Naturalist,  p.  2G9. 
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The  British  Musenm  possesses  the  portion  of  a  left  ramus,  shown 
in  PI.  XXV.  fig.  1.  It  is  No.  33243  of  the  Palfleontological 
Ck>llection,  and  was  presented  hy  Earl  Ducie.  The  fragment  is 
in  crusted  with  gypseous  crystals  and  matrix  of  the  Marl  bed. 
Unfortunately  the  teeth  are  wanting ;  the  jaw,  however,  in  general 
characters  is  decidedly  phocine,  whilst  the  rather  unusual  depth  of 
the  horizontal  ramus  and  the  unusually  high  angle  formed  in  front 
by  the  coronoid  furnish  important  characters. 

Canine  teeth  of  large  size,  and  referable  to  Phocidas,  are  common 
in  the  Sand  bed,  and  are  also  somewhat  plentiful  in  the  nodule-seams 
of  the  Calcareous  Sandstone.  Two  portions,  a  fang  and  crown,  in 
Mr.  Wright's  collection,  are  from  the  black-grained  variety  of  the 
Sand  bed.  The  former  shows  a  maximum  girth  of  fang  of  about 
4  J  inches ;  and  the  enamel  is  rough,  like  that  of  the  grinders  just 
referred  to. 

ITius  the  genus  Phoca  is  represented  from  the  Sand,  Marl,  and 
Calcareous  Sandstone. 

SaUALODON. 

The  well-known  fragment  of  a  jaw  with  three  teeth  in  place, 
discovered  by  Scilla  in  Malta  about  1670*,  and  now  in  the  Wood- 
wardian  Museum,  Cambridge,  is  the  only  instance  I  know  of  carni- 
vorous Cetaceans  from  these  beds.  The  matrix  would  indicate  that 
it  was  obtained  from  one  of  the  nodule  seams  of  the  Calcareous 
Sandstone.  Hitherto  it  has  been  included  in  the  genus  Zeuglodon ; 
but  the  much  smaller  dimensions  and  more  triangular  and  serrated 
teeth  place  it  with  Grateloup's  genus  JSqualodon, 

Delphikus. 

Professor  Owen  recognized  remains  of  more  than  one  species  of 
Delphinus  in  Admiral  Spratt's  collection  from  the  Sand  bed  t ;  and 
fragments  of  jaws  with  teeth  in  situ  were  recognized  by  me  in 
collections  made  by  the  late  Captain  Strickland  from  the  Calcareous 
Sandstone. 

Large-sized  Cetacean  vertebr®  are  not  uncommon  in  nearly  all 
the  beds,  but  especially  in  the  Sand  bed,  where  I  also  discovered 
the  greater  portion  of  a  mandible  J. 

HALITHEKrCTM  ScHINZI  ?  Kaup. 

Kemains  referable  to  the  genus  Halitherium  have  been  already 
recorded  from  Maltese  Miocene  formations,  as  follows: — 

1.  A  molar  from  a  nodule  bed  of  Calcareous  Sandstone,  and  an 
"  ear-bone  "  composed  of  the  periotic  and  tympanic,  together  with 
several  caudal  vertebrae,  from  the  Sand  bed§. 

2.  1  have  also  figured  and  described  a  similar  tooth  (possibly  a 

*  Vana  Speculazione,  Tab.  i.-iii. :  Naples,  1670. 

t  Proc.  Geol.  Soc.  London,  vol.  it.  p.  230.  }  Op.  cit  p.  134. 

§  Quart.  Joum.  Geol.  Soc.  vol.  xxii.  p.  595. 
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peaultiniate  tnio  molar)  in  my  work  on  Malta  *,  from  the  Lower 
LimeBtone. 

3.  In  the  notice  of  the  foregoing  I  refer  to  a  fragment  of  a  jaw 
with  two  teeth  in  situ.  This  interesting  relic,  now  in  the  British 
Museum,  was  found  in  Gozo,  and  might  have  been  lost  but  for  the 
vigilant  eyes  of  Mr.  Wright,  who  brought  it  to  the  notice  of  Admiral 
Spratt.  It  is  the  specimen  examined  by  Falooner,  and  which  he 
compared  with  JIalithcrium  and  Listriodon^  and  has  justly  referred 
to  ihe  former  f.  The  limestone  matrix  seen  on  the  specimen 
indicates  the  uppermost  or  else  the  lowermost  fonnation ;  which,  it  is 
impossible  to  say. 

The  specimen  No.  4085  is  a  fragment  of  a  left  maxilla,  about  3| 
inches  in  length.  The  outer  table  is  removed,  showing  the  fangs  of 
the  penultimate  true  molar.  Part  of  the  socket  of  the  ultimate 
molar  remains ;  the  penultimate  is  entire,  whilst  the  antepenultimate 
has  lost  a  portion  of  the  crown  externally.  The  crown  of  the  last 
premolar  is  broken  off;  and  a  pit  in  front  indicates  the  position  of 
the  preceding  tooth. 

The  jaw  is  shown,  crown  and  profile,  natural  size,  in  Plate  XXV. 
figs.  3  and  3  a.  The  second  true  molar  is  quite  unworn,  like  the 
preceding  specimen.  It  displays  the  two  ridges  mth  a  deep  open 
internal  valley  and  the  two  pits,  one  anteriorly  and  the  other  on  the 
posterior  aspect  of  the  crown.  The  dimensions  of  this  tooth  are  as 
follows : — 

millim. 

Length  including  fangs 34 

Antoro-postcrior  diameter  of  crown 20 

Breadth  of  crown 21 

Height  of  crown     14 

4.  The  broken  crown  from  Mr.  Wright's  collection  (Plate  XXV. 
fig.  4)  carries  good  evidence  of  the  formation  in  which  it  was  found, 
being  incrusted  with  a  matrix  of  red  sand  from  the  Sand  bed  in 
Gozo  J.  The  crown-pattern  is  characteristic ;  and  the  tooth  is  pro- 
bable a  penultimate  true  molar  of  the  mandible. 

5.  Several  vertebrsB  covered  with  clay  and  crystals  of  gypsum, 
together  with  fragments  of  ribs,  are  in  the  British  Museum.  Ihey 
show  that  they  were  derived  from  the  marl  and  nodule  seams  of  the 
Calcareous  Sandstone,  whilst  the  characters  assimilate  to  the  same 
parts  of  Ualitherium,  not  so  cogently,  however,  as  the  preceding. 

I  take  this  opportunity  of  correcting  a  mistake  made  in  my  former 
communication  to  the  Societ}§,wherein  I  state  that  renmins  of  Dugong 
are  also  found  in  the  Maltese  rocks.    This  I  have  since  discovered  is 

*  Notes  of  a  Naturalist  in  the  Nile  Valley  and  Malta,  p.  268. 

t  Pal«eontological  Memoirs,  vol.  ii.  p.  304. 

}  Professor  Owen,  as  far  back  as  1843,  recognized  bones,  **  apparently  of  a 
Manatee,"  in  Admiral  Spratt's  coUections  from  the  Sand  bed  (Proc,  Geol.  See. 
London,  toI.  iv.  p.  230). 

§  Quart.  Journ.  Geol.  Soc.  toI.  xxii.  p.  598 ;  also  *  Notes  of  a  Naturalist  in  the 
Nile  Valley.'p.  265,  where  I  hare  erroneously  included  the  Manatee  and  Ducong 
besides  the  HaiUherium, 
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not  the  oase,  and  that  all  Sirenian  remains  which  have  oome  under 
my  notice  may  be  referred  to  HaUtherium. 

Erom  the  data  here  famished  the  HaUtherium  has  left  its  remains 
in  all  the  Maltese  formations  excepting  the  Upper  Limestone. 


RSPTILIA. 
ICHTHTOSATTBITS  eAUDEHSIB,  Holke*. 

The  above  was  discovered  in  the  Calcareons  Sandstone,  it  was  said, 
of  Gozo.  I  was  long  familiar  with  the  specimen,  and  nrged  the 
late  Captain  Strickland  to  send  it  to  England  for  comparison.  There 
can  be  no  qnestion  of  its  being  from  the  Miocene  of  the  Maltese 
Islands. 

MELrrosATmvs  chaxpsoibbb,  Owen. 

Besides  the  original  specimen  described  by  Owen  and  now  in  the 
British  Museum  from  the  Calcareous  Sandstone  of  Gozo,  there  is  a 
tooth  undistinguishable  from  that  of  this  species  in  Mr.  Wright's 
collection,  seemingly  from  the  nodule-bed  of  the  same  formation. 

Cbocodilits  oaudeksis,  Hulkef. 

This  specimen  was  obtained  from  the  Calcareons  Sandstone  of 
either  Malta  or  Gozo.  Of  its  origin  there  cannot  be  any  doubt,  as  I 
had  frequently  examined  it  in  Captain  Strickland's  museum,  and  It 
was  sent  at  my  instigation  to  England  for  comparison.  Indeed  there 
are  indications  in  the  public  and  private  collections  in  Yaletta  of 
more  than  one  species  of  Crocodilu$  from  the  Calcareoijis  S^ndstoi^e 
and  its  *' nodule  seams." 

Pisces, 

SlERBODTTS  MELITKNSIB,  OwCn.  • 

The  only  example  known  to  me  of  this  "Cycloid  with  Sauroid 
dentition"  is  that  described  by  Professor  Owen  in  the  Geological 
Magazine,  voL  ii.  p.  145.  It  was  obtained  from  the  upper  portion 
of  ^e  Calcareous  Sandstone  in  the  quarry  of  Lucca,  Msdta« 

MtLIOBAIES  TOLIAPICirS? 

Teeth  of  more  than  one  species  are  found  in  the  Sand,  Marl, 
Sandstone,  Calcareous,  and  Lower  Limestone  beds. 

Specimens  from  the  first  and  last  named  beds  did  not  appear  to 
differ  in  any  particulars  from  M.  toliapicua  of  Agassiz,  whilst  spines 
of  large  size  are  not  rare  in  the  Marl. 

Otobatbb  SUBC0KVXX17S,  Agassiz. 

Several  teeth  from  the  Sand  bed,  and  less  entire  specimens  from 
the  Marl,  in  which  they  are  plentiful,  cannot  be  distinguished  from 
the  above. 

*  Quart  Joum,  Gaol.  Soq.  roL  xxrii.  p.  29.  Ibid.  p.  8(X 

Q.J.G.S.  No.  139.  2o 
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8aTTALIDiB  *, 

The  Sharks'  remains  are  the  most  yaried  and  nnmerons  of  all  the 
yertebrates  of  the  Maltese  Miocene.  Their  teeth  have  found  their 
way  into  almost  every  public  collection  in  Europe,  and  continue  to 
furnish  employment  to  persons  who  make  it  t^eir  business  to  dis- 
pose of  them  to  travellers.  With  the  exception  of  the  Upper  lime- 
stone, they  have  been  found  in  all  the  beds.  From  a  liu*ge  expe- 
rience in  collecting  and  determining  the  Maltese  species,  I  have 
been  enabled  to  funiish  the  following  Table  of  their  stratigraphical 
distribution. 


Upper 
Limeetone. 

SaDd. 

Marl 

Oalcareoos 
Sandfltone. 

Lower 

Oaroharias  productuB   ... 

Oxrrhina  xiphodon  

hastilis  

* 

* 
* 
* 
* 

* 

* 

Mantelli    

Hemipristis  serra 

Oorax  adunouB  

OdoDtaspis  Hopei  ?  

X/iiTTiTin'  ^6flranB  ... 

So  far  as  I  know,  none  of  these  Squalidse  has  been  discovered  in  the 
upper  and  middle  portions  of  the  Upper  limestone.  They  suddenly 
appear,  however,  at  the  point  of  junction  between  the  Bed  Limestone 
and  the  Sand  bed,  where  they  are  plentiful,  especially  Careharo- 
don  megalodon,  some  of  the  larg^t  specimens  of  the  teeth  of  which 
have  been  discovered  here.  The  Maltese  historian,  Boisgelin,  refers 
to  one  as  much  as  7  inches  on  its  largest  side  f ;  and  I  have  referred 
to  a  tooth  from  the  black  sand  6*3  inches  in  length  |.  It  is  in  this 
bed,  and  the  Calcareous  Sandstone,  more  especially  in  the  upper 
*^  nodule  seams,"  that  they  abound,  and  in  the  latter  associated  with 
MoUusca  and  Echinodermata. 

I  have  rarely  found  teeth  in  the  Lower  limestone,  and  these 
only  of  the  two  species  recorded  above. 

As  regards  numbers,  they  are  met  with  in  the  order  given,  the 
two  rarest  being  OdotUaspis  Hopei  (which,  however,  I  have  not  seen 
with  its  dentils),  and  Lamna  eUgans. 

NonDAinrs  PBoaeionus  ? 

A  tooth  resembling  that  of  this  species  is  figured  by  8cilla§; 

*  Nearly  all  the  Maltese  Sharks  were  long  since  determined,  mon  or  Vm 
exactly,  by  Sir  Philip  Grey  Egerton,  Proc  Geol  Soo.  toI.  It.  p.  290. 
t  Boisgelin's  <  Malta,'  p.  33.  |  C^p.  ct^  p.  139. 

%  Yana  Speculacione,  plate  2. 
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and  this  is  the  only  record  of  its  ezisteBce  in  the  Maltese  strata. 
The  specimen  was,  perhaps,  from  the  Calcareous  Sandstone. 

Platax  Woodwabdi,  Agassiz. 

Several  specimens  discovered  by  me  in  the  Calcareoos  Sandstone 
of  Malta  were  subsequently  determined  by  the  late  Dr.  8.  P. 
Woodward,  F.G.8.  They  were  of  the  pear-shaped  outline,  with  a 
process  and  small  indentation  on  one  side,  representing  the  concre- 
tionary appendage  of  the  vertebree  and  ribs,  like  the  specimens 
common  in  the  Bed  Crag. 

DiODON. 

This  group  is  represented  by  teeth  varying  much  in  dimensions. 
It  is  one  of  the  few  vertebrates  hitherto  discovered  in  the  Upper 
Limestone,  where,  doubtless,  there  are  more  than  one  species.  Teeth 
are  not  uncommon  in  the  Calcareous  Sandstone,  but  chiefly  in  the 
nodule  seams ;  whilst  unusually  large  specimens  indicate  very  large 
globe  fishes  in  the  Lower  I4mestone, 

Sph^rodub. 

This  genus  is  well  dispersed  throughout  all  the  beds,  and  was 
evidently  represented  by  several  distinct  forms.  Teeth  of  a  species 
not  distinguishable  from  those  of  S,  gigas^  Pictot,  are  rather  common 
in  the  Sand  bed.  I  have  seen  impressions  of  the  greater  portions  of 
the  skeleton  of  a  fish  of  the  type  of  SpJicerodus  in  the  Calcareous 
Sandstone,  where  the  smaller  teeth  are  occasionally  found.  I  quite 
anticipate  tiiat  the  future  will  show  a  large  addition  to  the 
Pycnodont  fishes  of  the  Maltese  Miocene  beds. 

The  question  whether  the  stratified  seams  of  nodules  and  the  lumps 
of  yellow  clay  with  pholad-borings  met  with  in  the  Marl  together 
with  other  adventitious  materials  and  their  associated  animal  remains 
belong  to  the  same  period  as  the  beds  in  which  they  are  found, 
seems  to  me  scarcely  to  admit  of  a  positive  answer  at  present. 

The  lumps  of  ochreous-coloured  clay  met  with  in  masses  several 
inches  in  circumference  are  very  irregularly  dispersed  throughout 
the  Marl,  and  seem  to  have  been  derived  from  the  degradation  of 
older  beds.  The  hardened  nodules  of  the  Calcareous  Sandstone  with 
particles  of  Sharks  teeth  and  tests  of  Echinidaa  and  MoUusca  found  in 
their  interior,  together  with  the  abundant  animal  remains  associated 
with  them,  might  point  to  their  redeposition.  But  a  very  large  . 
number  of  the  species  found  in  the  nodule-seams  are  also  dispersed 
throughout  the  beds  in  situations  where  their  appearance  indicates  a 
tranquil  deposition,  as  further  shown  by  the  entire  skeletons  of  fishes 
&c.  found  along  with  them.  At  the  same  time  the  Mastodon^  Hali- 
iherium^  Sguahdon,  and  Delphinus,  more  or  less  met  with  in  all  ex- 
cepting the  Upper  Limestone,  seem  to  preserve  the  Miocene  faoies 
both  for  the  nodule  seams  and  the  respective  beds  in  which  the 
remains  are  found. 

2o2 
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BXPLAHATION  OF  PLATE  XXV. 


Fig.  1.  IVagment  of  a  left  ramus  of  a  mandible  of  Phcca :  nat  sisa. 
2,  2a,  26,  2c,  Four  teeth  of  Phoca  ruffosideru,  Owen:  nat.  riio. 
3  &  3a.  Orown  and  profile  views  of  a  portion  of  a  left  maxilla  of  HaU- 

therium  Schinjei  ?,  Kaup :  nat.  size. 
4.  Crown  -new  of  a  lower  penultimate  ?  molar  of  HaUtlermm  Sekimgit, 

Kaup :  nat.  size. 
5  ft  5«.  Crown  and  profile  of  molar  of  Masiodtm:  nat.  mm. 


DlBCTSSKUf. 

The  Pbebident  remarked  that,  according  to  obeerralionB  which 
he  had  lately  made,  rocks  appeared  often  to  snfiTer  contempora- 
neous erosion,  frequently  being  broken  up  into  small  fragments  and 
redeposited. 

Prof.  BoTi)  DAWimrs  was  of  opinion  that  Uie  IcKthyosaurut  be- 
longed to  quite  a  different  stage  of  evolution  from  that  of  the 
Miocene  Mammalia.  In  illustration  of  the  association  of  fossils  with 
those  of  a  different  age,  the  Ichihyoaaurvs  and  SpTujgrodus  ffiga$  in  the 
Keocomian  beds  of  Bedfordshire  and  Cambridge  might  be  quoted, 
derived  from  the  Kimmeridge  Clay;  and  he  thought  there  was  no 
reason  to  believe  that  Ichthyosaurus  lived  in  the  Miocene  period 
in  Europe.  The  specimens  mentioned  in  the  paper  were  probably 
derived. 

Prof.  DirvcAN  thought  that  many  of  the  fossils  mentioned  in  con- 
nexion with  the  nodules  wore  remanies.  As  regards  the  age  of  the 
beds,  his  investigation  of  the  corals  had  led  him  to  the  conclusion 
that  they  were  Upper  Miocene.  He  thought  that  the  district  bore 
evidence  of  subsidence.  If  the  age  of  the  upper  deposits  in  Malta 
was  Pliocene  (as  it  might  be),  the  whole  might  be  connected  with 
the  upheaval  of  the  Apennines.  He  thought  Malta  marked  a  point 
of  near  approach  between  the  European  and  African  continents. 

Mr.  Hulks  stated  that  he  had  dealt  with  the  Ichthyosaurus  jaw 
from  Malta  simply  as  an  anatomical  question,  not  with  reference  to 
the  deposits  whence  it  had  come.  8till  he  must  say  it  did  not  look 
worn,  and  the  teeth  were  very  like  those  of  /.  enthekiodon  from  tke 
Kimmeridge  Clay.  However,  on  tiie  point  of  age  he  would  express 
no  opinion. 

Mr.  Chablssworth,  remembering  how  opinion  had  changed  oa 
the  subject  of  Trigonia^  did  not  see  why  an  Ichthyosaurus  mi^t  no4 
have  survived  to  the  Tertiary  period.  Caution,  however,  was  neces- 
sary ;  for  Cret.aceous  fossils  were  often  found  in  the  PUocene,  and 
it  was  often  hard  to  say  whether  fossils  were  derivative  or  not. 
He  argued,  from  his  view  of  the  nodules  in  the  Crag  and  the  lias, 
that  they  were  concretionary.  He  thought  that,  from  the  evidence 
before  the  Society,  the  species  of  Mastodon  could  not  be  determined. 

Prof.  T.  B.  Jones  expressed  his  gratitude  for  the  information 
given  by  Prof.  Leith  Adams  in  his  paper  on  the  Mastodon  of  Malta, 
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as  regards  both  the  fossils  and  the  stratigraphical  details.  He 
offered  some  remarks  on  the  stmotnre  of  the  island  and  of  its 
strata. 

Mr.  HiTuns  remarked  that  we  now  knew  that  many  of  the  old 
li£»-fonns  had  a  wide  range  in  space  and  time.  For  example,  the 
Jgttanodon  was  once  supposed  to  be  restricted  to  the  Wealden ;  but 
he  thought  there  was  clear  evidence  that  it  lived  in  Purbeck  time, 
and  also  in  all  probability  (from  the  evidence  of  a  femur  in  the 
British  Museum)  survived  to  the  Maestricht  Chalk. 

Prof.  SsBLET  said  the  Woodwardian  Museum  contained  lethyo- 
9auiru$  vertebre  from  the  London  Clay  of  Sheppey,  which  might  or 
might  not  be  derived,  possibly  liassic,  as  he  rather  suspected,  po8« 
sibly  a  new  form. 
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41.  ^0TB9  <m  the  SiBxrcmrEB  of  ike  Paubozoig  Bistbictb  of  Wasr 
SoireBSBT.  By  A.  Chajcpebnownb,  Esq.,  M.A.,  F.G.S.,  and  W. 
A.  E.  UssHBB,  Esq.,  F.G.S.    (Read  May  14, 1879.) 

Intbobuciion* 

In  the  following  account  of  traverses  made  during  the  past  antmnn 
across  some  of  the  classical  ground  of  West  Somerset  and  its  con- 
fines, we  do  not  aim  at  any  extensive  alteration  in  principle  of  the 
work  wrought  by  the  master  hand  of  De  la  Beche,  and  given  to  the 
Bcientifio  world  forty  years  ago  ♦. 

Notwithstanding  the  encydopaDdio  paper  of  Mr.  Etheridge+, 
wherein  both  the  physical  and  palsDontological  relations  of  the 
North-Devon  rocks  are  so  ably  worked  out,  instances  of  unbelief 
will  occur  where  ocular  evidence  is  wanting,  prompted  perhaps  by 
a  hankering  after  the  apparently  simple  version  of  the  structure  of 
North  Devon  put  forward  by  the  late  lamented  Prof.  Jukes  t* 
Although  the  ground  has  been  carefully  gone  over  in  Mr.  Ethe- 
ridge's  paper,  such  a  confirmation  of  his  views '  as  the  infilling  of 
minor  stratigraphical  details  affords  may  not  be  altogether  unworthy 
of  attention. 

The  classification  which  De  la  Beche's  unequalled  description  of 
the  North-Devon  rocks  suggests  was  put  into  form  by  the  late  Prof. 
Phillips,  who,  however,  included  the  unfossiUferous  grits  and  slates 
of  Pickwell  Down  with  the  slates  of  Mortehoe  as  one  division  §. 
Although  these  divisions  were  similarly  treated  by  Mr.  Hall  in  1865 
and  1867  ||,  a  more  detailed  description  mitigated  an  error  of  classi- 
fication which  that  gentleman  has  since  abandoned.  Mr.  Hall  in- 
formed us  that  the  term  Pickwell-Down  Sandstone  was  applied  to 
that  division  by  Prof.  Jukes,  acting  on  his  suggestion.  To  Mr.  Hall 
belongs  the  credit  of  inaugurating  the  present  more  complete  dassi- 
fication,  which  rightly  distinguishes  the  position  of  the  Lower 
Pilton,  or  Baggy  Beds  in  the  upper  part  of  the  series  If.  This  clas- 
sification was,  with  some  slight  modifications,  retained  bv  Mr.  Ethe- 
ridge,  and  has  been  adopted  by  us.  With  this  introauction,  we 
shflll  commence  with  our  westernmost  traverses. 

*  B«port  on  Geol.  of  Cornw.  k  Der.  cb.  3,  Ac 
t  Q.  J.  G.  S.  ToL  xxiii.  p.  568. 

iQ.  J.  G.  a  ToL  xxxii.  p.  320,  and  additional  Not^o,  &c. 
PaL  FoM.  DeTon,  Cornwall,  and  W.  Somerset,  pp.  183-19a 
Lecture  to  Exeter  NatoralisU'  Olub,  Sept.  23,  1865;  and  Q.  J.  G.  a 
Tol.  xxiii.  p.  372, 

^  It  should  be  mentioned  that  Mr.  Hall  has  abandoned  the  term  oonslome- 
rate  at  applicable  to  any  of  the  N.  DeTon  DeTonian  rocks,  Uie  concretionary 
structure  m  the  Pickwell  Down  dirision  to  which  it  was  applied  being  too 
insignificant  to  merit  the  designation. 
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Ebom  DiTLYBBToir  Stahov  to  Dunsteb  (fig.  1). 

Dalyerton  Station  is  sitoated  upon  the  junction  between  the 
Culm-measnres  and  Pilton  slates.  Towards  Brushford,  Pilton  fossils 
were  obtained  in  nearly  yertical  slates,  passing  insensibly  into  the 
Culm-measnres  in  the  railway-cuttings.  The  well-marked  feature 
of  Hulverton  Hill  (to  the  south  of  the  railway)  is  formed  by  the 
characteristic  Culm-measure  rocks,  which,  along  a  line  nearly  east 
and  west  from  Coddon  Hill  (south  of  Barnstaple)  form  here  and 
there  bold  hog-backed  or  conical  hills,  notably  at  Swimbridge. 
These  beds  are  easily  distinguishable  by  their  baked  appearance, 
whitish,  buff,  or  dark-grey  colour,  and  Sequent  chertoid  texture ; 
they  consist  of  thick  shales  or  thin  fine-grained  grits  in  tabular 
layers,  so  intersected  by  even  joints  as  to  afford  a  valuable  road- 
metal  without  further  fracture.  In  a  quarry  on  Hulverton  Hill  the 
Coddon  beds  dip  S.  10  E.  at  80°.  To  the  north  of  the  railway, 
to  the  east  of  Brushford,  grey  Pilton  slates,  vertical,  and  striking  as 
at  Hulverton  Hill,  are  exposed  in  a  quarry,  from  which  Pro£  Phillips 
obtained  many  of  his  best  specimens. 

By  the  highroad  to  Dulverton,  at  a  mile  from  the  station,  bluish- 
grey  slates,  with  thin  even  beds  of  limestone  and  grit,  containing 
quartz,  dip  S.  at  from  45°  to  66°.  In  Pixton  Park  a  southerly  dip  of 
46°  was  obtained  near  the  gatehouse,  where  the  grey  slates  strike 
parallel  with  the  Culm  rocl^  of  Hulverton  Hill.  A  little  north- 
ward of  Combe  Farm,  so  far  as  meagre  surface  evidence  may  be  re- 
lied upon,  a  band  of  buff  or  brownish  grits,  either  belonging  to  the 
CucuUcBa-zone  or  occurring  above  it  in  the  Pilton  beds,  crosses  the 
highroad,  forming  the  crest  of  an  anticline ;  for  towards  Dulverton 
the  Pilton  beds  dip  N.  at  76°,  and  near  the  bridge  across  the  Barle 
N.  30°  W.  at  20°. 

Just  above  Dulverton  church  the  grey  slates  suddenly  give  place 
to  lilac-red  slates  and  grits,  so  characteristic  of  the  upper  part  of 
the  Pickwell  Down  division,  which  is  farther  evidenced  by  features 
and  surface  indications  as  far  north  as  Court  Down.  This  junction 
is  evidently  a  fault,  both  from  dissimilarity  in  amount  and  direction 
exhibited  by  the  dips  on  either  side  of  it,  and  from  the  absence  of 
the  Ctusulkea-gnts  and  olive  slates  (forming  together  the  Baggy 
Beds,  or  Lower  part  of  the  Pilton  series).  Proceeding  eastward  to 
Hole  Bridge,  farther  evidence  of  the  fault  is  furnished  by  a  deve- 
loped continuation  of  the  grit  band  before  noticed  near  Combe  Earm. 
The  beds  are  exposed  in  Pixton  Park,  near  a  gate-house,  and  dip 
N.W.  at  66°.  Immediately  on  the  north  of  the  highroad  they  end 
off  sharply  against  the  Pickwell  Down  division.  From  Hele  Bridge 
northward  to  Barlynch  Abbey,  where  it  is  exposed  in  quarries, 
the  Pickwell  ♦  series  is  amply  evidenced  by  characteristic  surface- 
stones,  v^etation,  and  form  of  groand.  To  the  north  of  the  Abbey 
a  quarry  about  26  feet  in  height  exposes  hght  grey  or  greenish  and 
faint  reddish  grits  with  red  markings  in  places,  dipping  S.  16°  E., 
with  undulations,  at  an  average  angle  of  46°.    A  cleavage  structure 

*  We  omit  the  fuller  title  for  the  sake  of  brevity. 
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is  here  and  there  developed  m  directions  parallel  to  the  joints  ;  in 
places  the  undulating  surfaces  of  the  joint-planes  resemble  the 
adjacent  markings  by  the  road,  attributed  by  Prof.  Jukes  to  ice 
mamillation.  In  the  vicinity  of  this  spot  the  Pickwell  beds  seem 
to  form  a  syndine,  as  northerly  dips  are  met  with  near  the  Abbey 
on  the  south. 

Near  Oxgrove  an  appearance  of  northerly  dip  is  probably  occa- 
sioned by  joints  in  the  direction  of  the  cleavage.  At  a  quarter  of  a 
mile  north  of  Oxgrove  we  appear  to  cross  the  junction  between  the 
Pickwell  series  and  underlying  division  of  greenish  and  grey  slates 
of  Morte  and  Bfracombe  (called  after  the  typical  localities  in  which 
their  upper  unfossiliferous  and  lower  fossiliferous  beds  are  respec- 
tively developed).  Greyish  schistose  or  irregular  slates  near  Oat- 
way  are  apparently  intersected  by  joint-planes  dipping  N.  at  70°, 
wlulst  the  bedding  seems  to  follow  the  direction  of  the  cleavage, 
dipping  8.  10°  E.  at  70°.  In  places  the  slaty  laminse  thicken  into 
impersistent  lenticular  gritty  bands.  At  Chilly  Bridge  characteristic 
Morte  slates  are  exposed.  Due  east  of  Kent's  Mill  the  slates  dip 
E.  20°  S.  at  about  50° ;  a  few  chains  to  the  north  grey  uneven  or 
schistose  slates,  with  vertical  cleavage,  seem  to  dip  N.  20°  W.  at 
from  60°  to  70°.  At  about  one  third  of  a  mile  north  from  the 
above  a  northerly  dip  is  exhibited. 

At  the  junction  of  the  Ordnance  map  sheets  20  and  21,  grey  grits 
and  purplish  slates  are  associated  with  greenish  and  bluish  grey 
slates,  proving  a  repetition  of  the  Pickwell  series,  in  a  syncHne, 
aided  by  fault.  From  the  occurrence  of  Pickwell  beds  to  the  north 
and  north-west,  we  have  little  hesitation  in  saying  that  the  Morte 
slates  of  Chilly  Bridge  form  an  anticline,  throwing  off  the  Pickwell 
beds  on  the  north  and  south,  and  passing  under  them  on  the  west 
towards  Drayton  Farm. 

At  Clammer  irregular  or  schistose  slates  and  slaty  grits,  with 
vertical  cleavage,  and  in  colour  more  allied  to  the  Morte  than  the 
Pickwell  beds  ♦,  seem  to  dip  8.  to  8.  20  E.  at  50°.  A  contrary  dip, 
N.  20  W.  at  70°,  is  suggested  by  divisional  planes,  apparently  joints. 
Near  Clammer  bedding  and  cleavage-planes  appear  to  run  in  the 
same  direction,  but  the  joints  seem  to  be  vertical.  From  Clammer 
to  Bridgetown  slaty  lilac  or  purplish  grits  and  slates  are  associated 
with  grey  slates,  and  undoubtedly  belong  to  the  lower  part  of  the 
Pickwell  series,  from  evidence  obtained  to  the  west  of  the  Exe 
valley.  Near  Bridgetown  lilac  or  purplish  and  grey  slates,  uni- 
formly coated  with  lichen,  and  presenting  a  grey  weathered  surface, 
are  finely  exposed  in  the  road-cutting.  The  cleavage-planes,  in- 
clined southward  at  60°  to  70°,  are  intersected  by  two  or  three  im- 
persistent lines,  apparently  bedding-planes,  giving  a  southerly  dip 
of  13°. 

At  Bridgetown  the  dip  is  8.  at  about  65° ;  and  the  lower  parts  of 
the  Pickwell-Down  series,  forming  a  passage  into  the  Morte  slates, 
rest  upon  them  in  strict  conformity,  the  junction-line  having  been 

*  Oompare  greenish  grits  and  slaty  beds  near  Drayton  and  Slade  Farms  in 
Piokwell  series,  Barle  Valley,  two  miles  above  Dulyerton. 
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traced  westward  from  the  bank  of  the  Barle  (opposite  Bridgetown), 
where  Morte  slates  are  shown  normally  dipping  nnder  the  Fickwell 
beds. 

From  Exton  to  Ontcombe  no  further  evidence  of  the  Pi<^well 
series  is  obtainable  by  the  highroad,  although,  to  the  south  of 
Winsford,  a  strip  of  the  lowest  part  of  that  series,  represented  by 
ipteroalations  of  purplish,  buff,  and  greenish  slates,  appears  to  be 
brought  down  by  fault  or  undulation  between  Yellowcombe  and 
Winsford,  but  in  insufficient  force  to  permit  of  their  extension 
eastward  to  Widlake,  where  a  dip  of  50°  to  the  S.  was  obtained  in 
Morte  slates. 

Near  Lock  Yard  the  slates  dip  as  at  Widlake.  West  of  Lower 
Quarum  they  are  stained  reddish,  and  exhibit  a  tendency  to  slaty 
grit.  From  Lower  Quarum  to  Whiten  Farm  the  slates  hare  a 
steady  southerly  dip  at  40°  to  50°  where  exposed.  The  bedding 
seems  to  follow  the  direction  of  the  cleavage  at  right  angks  to  the 
joints  eastward  of  Hoe  Farm.  It  is  impossible  to  distinguish  the 
Morte  and  Ilfracombe  varieties  of  this  great  series  of  slates  by  any 
definite  boundary;  a  provisional  line  might  be  dotted  tluongh 
Eyeson  Hill  or  Lower  ftuarum.  At  the  Mill,  between  Whiten 
Farm  and  Luokwell  Bridge,  the  Wheddon-Cross  limestone-beds 
mentioned  by  Mr.  Etheridge  are  well  exposed ;  they  consist  of  about 
30  feet  of  dark  bluish-grey  limestone,  partaking  in  every  respect  of 
the  cleavage,  which  is  here  in  the  same  plane  with  the  bedding. 
The  laminse  are  frequently  coated  with  films  of  dark  grey  diimmer- 
ing  shaJe.  Faint  traces  of  crinoids  and  corals  were  noticed  on  the 
bedding-  or  cleavage-surfaces.  At  about  15  feet  from  the  top  of  the 
section  the  laminsB  have,  in  places,  coalesced  to  form  even  beds  of 
Hmestone  2  or  3  inches  in  thickness.     The  dip  is  S.  10°  E.  at  45"^. 

From  Wheddon  Cross  the  features  of  the  underlying  series,  the 
Hangman  grits,  are  well  shown  in  the  range  of  hills  of  which 
Dunkery  Beacon  forms  the  highest  point 

The  junction  of  the  Morte  and  Ilfracombe  slates  with  the  under- 
lying Hangman  grits  takes  place  near  the  bend  in  the  highroad 
north  of  Gutcombe,  where  slaty  beds  rest  upon  coarse  thin  even- 
bedded  slaty  grits,  resting  on  red  and  brownish,  rather  coarse,  thick- 
bedded  grits,  with  an  occasional  tendency  to  schistose  structure^ 
and  dipping  S.  30""  E.  at  from  10°  to  13°.  The  strike  chan^ee 
filightly,  but  the  angle  of  dip  remains  constant,  in  the  three  quarries 
by  the  highroad.  From  this  point  to  Timberscombe,  grits  with 
shales  intercalated  prevail.  A  quarry  by  the  highroad  N.W.  of 
Oaktrow  shows  a  most  remarkable  unisynclinal  curve,  rough-deaved 
greyish  and  reddish  grits  folding  back  upon  themselves,  as  shown 
in  the  sketch  (fig.  2),  the  cleavage  beautifully  converging  upon  tho 
axis  of  the  curve.     The  height  of  the  section  is  about  20  feet. 

By  the  lane  leading  southward  to  Oaktrow  from  the  highroad 
grey  and  reddish  slaty  shales  and  schists  are  associated  with  reddish- 
brown  grits,  apparently  undulating,  in  which  a  northerly  dip  of  7** 
was  obtained.  A  quarry  on  the  east  side  of  Timberscombe  expoeee 
dark  chocolate-brown,  red,  and  greyish  grits,  in  places  quartzooo. 
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split  off  by  nnmerous  irregular  joints,  sometiines  glazed  with  haema- 
tite, and  approximating  to  a  slaty  stractore  in  places ;  bands  of 
chocolate-coloared  clayey  shale  are  occasionally  interstratified.  The 
beds  dip  S.  at  5^ 

Fig.  2. — Unisynelinal  Curve  in  Hangman  Beds,  near  Oaktrow, 
(Height  of  section  20-25  feet) 


From  here  to  Danster  grits  are  evidenced  by  surface-stones,  but 
no  sections  were  observed.  If  the  Timberscombe  grits  belong  to  the 
Foreland  group  (as  similar  beds  are  exposed  near  Porlock),  a  fault 
between  Bickbam  and  Withycombe  must  bring  the  Hangman  and 
Foreland  groups  into  juxtaposition,  cutting  out  the  intermediate 
L)mton  beds ;  and  this  we  hope  to  prove  by  the  next  traverse. 

Fbok  Dxjwsteb  to  the  Fobelakd. 

As  in  the  previous  traverse  no  beds  equivalent  to  the  even  grey 
grits  and  fossUif erous  schists  of  Lynton  were  crossed,  Mr.  Etheridge 
having  clearly  shown  the  mantling  of  the  Ilfracombe  slates  and 
associated  limestones  round  the  east  end  of  the  Croydon-Hill  anti- 
clinal, formed  of  Hangman  grits,  and  as  in  our  traverse  from  Wil- 
liton  to  Cannington,  hereafter  to  be  described,  we  were  unable  to 
trace  the  Lynton  division,  it  was  of  the  utmost  importance  to  account 
for  its  disappearance,  and  for  the  great  breadth  of  grits  occupying 
the  area  from  Cutcombe,  on  the  south,  to  North  Hill,  near  Mine- 
head,  on  the  north. 

The  south  side  of  Grabbist  Hill  consists  of  reddish-brown  grits, 
in  which  no  reliable  dips  were  obtainable  till  we  reached  Slatoombe, 
near  Wooton  Courtney,  where  the  beds  dip  N.  15°  E.  at  from  5°  to  20°. 
On  the  western  flanks  of  Grabbist  Hill,  near  Lower  Knoll,  hard 
reddish-brown  siliceous  grits  with  numerous  irregular  joints,  and 
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slaty  beds  intercalated,  dip  E.  at  firom  5^  to  20%  and  at  Hvingtoa 
N  J:.  at  30°. 

The  TsUey  between  Grabbist  Hill  and  Luckham  is  occupied  by 
red  sands,  breccias,  and  marls  of  the  Triassic  series,  in  part  con- 
cealed by  alliiYia.  The  relations  of  the  Triassic  beds  in  an  area  in 
which  they  may  be  expected  to  present  much  local  lithologieal 
variation,  and  where  they  would  naturally  attenuate,  notwithstand- 
ing very  high  dips,  throw  hardly  any  light  upon  the  disturbances 
affecting  the  older  rocks ;  but  a  much  more  careful  study  of  tiw 
latter  than  we  were  able  to  make  would  no  doubt  clear  up  much 
that  is  ambiguous  in  the  relations  of  the  Trias,  and  show  whether 
beds  of  Pre-£euper  age  had  been  deposited  in  the  area  to  the  west 
of  Williton,  as  lithologieal  similarities  seem  to  suggest. 

From  Luckham  to  Stoke  Pero  the  surface  is  strewn  with  frag- 
ments of  grit.  At  about  half  a  mile  east  from  Cloutsham  coarse  red 
and  lilac  quartzose  grits  are  exposed,  dipping  E.  25°  S.  at  10°. 

In  the  stream  between  Cloutsham  and  Bagley  siliceous  grits  dip 
eastward  at  20°.  Near  Cloutsham  and  Brackslade  no  dips  are  ob- 
tainable ;  red  and  brown  grit-stones  are  scattered  over  the  surface. 
Near  Stoke  Pero  a  south-easterly  dip  of  23°  was  obtained  in  red 
and  brown  grits.  The  grits  in  ^s  neighbourhood  approach  rather 
to  the  Hangman  than  the  Foreland  t^-pe ;  so  that  the  sharp  bend  in 
the  strecun  to  the  north  of  Cloutsham  may  be  due  to  a  dislocation 
bringing  up  Foreland  beds  to  the  north. 

By  the  road  from  Stoke  Pero  towards  Bendles  Barrows  siliceous 
grit-stones  of  the  Hangman  type  are  strewn  over  the  surface. 

On  ascending  the  opposite  slope  of  the  valley  to  the  west  of  Stoke 
Pero  a  thick  head  of  brown  grit-stones  conceals  the  rock.  At  the 
head  of  a  stream-gorge,  at  about  half  a  mile  south  of  Wilmotsham, 
buff  slaty  grit  gives  a  surface-dip  S.  30°  E.  at  about  15°.  By  the 
road  southward  from  Pool,  where  the  bend  is  shown  on  the  map  (^to 
the  N.E.  of  Bendles  Barrows),  a  section  5  feet  deep  exposes  gre^ush 
slaty  grits  or  thick  slates,  apparently  vertical  and  striking  NJE^ 
terminally  curved. 

Westward  of  Bendles  Barrows,  in  and  by  the  road  over  Lucott 
Hill,  at  a  few  chains  south  of  the  stream,  grey  slaty  beds  are  inter- 
calated in  red  and  coarse  brown  grits,  dipping  S.W.  at  from  20°  to 
40°.  As  their  strike  coincides  in  direction  with  that  of  the  greenish 
slates  on  the  other  side  of  Bendles  Barrows  before  mentioned,  we 
have  here  the  evidence  of  intercalation  of  slaty  materials  with  grits 
of  the  Hangman  series  which  is  so  well  shown  in  the  diff-laoe  of 
the  Little  Hangman  Hill,  on  the  North-Devon  coast. 

On  the  southern  slope  of  Lucott  Hill  a  northerly  surface-dip  was 
obtained  in  slaty  grits ;  at  the  road-junction  on  the  hill  greenish 
and  red  grits  and  slaty  beds  seem  to  ^p  S.  10°  W. 

From  Lucott  Hill  (fig.  3)  we  struck  into  the  East-Lynn  valley  at  a 
point  due  west  of  the  bottom  of  the  word  ^^LucoU"  on  the  map,  where 
we  observed  hard  thick-bedded  greyish  siliceous  grits  of  the  Hangman 
series  dipping  southward  at  from  20°  to  25°.  Proceeding  down  the 
valley,  at  about  ten  chains  from  the  above,  a  south-easterly  dip  of 
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35^  was  obtained.  At  about  ten  chains  fiirtber  on  Hangman  grits, 
containing  raddled  grey  scbiBtose  beds,  dip  southward  at  20°,  and 
8.  20°  E.  at  30°,  and  rest  in  strict  confonnity  upon  the  characteristic 


Fig.  3. — Section  North  and  SotUh  through  CvXbone. 
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L.  Lynton  beds. 


H.  Hangman  grits. 


warm-grey,  evenly  bedded  fine  grits  and  grey  schists  of  the  Lynton 
division,  which  form  a  low  crag  or  ridge  feature  in  the  valley, 
dipping  S.  25°  E.  at  2b°.  At  about  15  chains  from  this  junction  a 
tributary  streamlet  joins  the  East  Lynn ;  proceeding  along  it,  we 
observed  the  same  even  flaggy  Lynton  grits  dipping  8.  15°  E.  at  20°, 
at  a  point  about  15  chains  from  the  main  stream. 

Having  thus  terminated  the  L3rnton  beds  in  the  East-Lynn  valley 
by  a  conformable  junction  with  the  Hangman  grits,  we  will  retrace 
our  steps,  and,  starting  from  Porlock  to  Countesbury,  and  then  to 
Oarefopd,  endeavour  to  show  that  the  absence  of  the  Lynton  beds  on 
Lucott  Hill,  and  to  the  east  of  it,  is  due  to  a  fSault  following  the 
general  trend  of  the  East-Lynn  valley.  On  ascending  Porlock  Hill 
from  Porlock,  chocolate.grits,  resembling  those  of  Timberscombe  (as 
before  stated),  with  irregular  schistose  beds,  dip  E.  12°  8.  at  50°, 
and  N.  30°  E.  at  70°,  the  change  in  dip  being  apparently  due  to  a 
fault     A  little  further  on  they  dip  N.  30°  E.  at  from  60°  to  65°. 

The  evidence  on  Porlock  Hill  is  confined  to  surface-stones  till  we 
come  to  a  section  about  10  chains  east  from  the  turning  to  West 
Porlock  shown  on  the  map,  but  now  no  longer  in  existence ;  here 
the  grey,  buff,  and  red  fissile  grits  so  characteristic  of  the  Foreland 
group  are  apparently  horizontal.  The  present  road  to  West  Porlock 
joins  the  main  road  at  a  point  on  the  map  where  the  letter  Wot  the 
words  White  Stones  touches  it.  By  this  road,  near  West  Porlock  on 
the  north-west  of  Whitestone  Park,  red  grits  dip  N.  10°  W.  at  55°. 
Midway  between  this  observation  and  Westacot  similar  red  grits 
(rather  fine-grained)  exhibited  a  northerly  dip  of  20°  and  a  doubtful 
southerly  dip  of  50°,  which  may  be  along  joint-surfaces.  8outh  of 
Westacot  an  easterly  dip  of  55°  was  furnished  by  greenish-grey  and 
reddish  fine  fissile  grits,  in  which  we  obtained  several  casts  of  small 
bivalves.  About  halfway  between  this  section  and  the  main  road, 
on  Porlock  Hill,  simUar  beds  afforded  a  dip  E.  20°  8.  at  25°. 

From  White  Stones  to  Countesbury,  in  the  adjoining  map  (sheet 
27),  no  pits  deep  enough  to  afford  reliable  dips  were  observed  from 
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the  highroad ;  the  snrface-stoAes  everywhere  consist  of  red,  buff, 
brownish^  whitish,  greenish,  or  grey  fissile  or  flaggy  fine-grained 
grits,  generally  of  sombre  tints. 

By  the  road  firom  Porlock  and  Oare  Hills  to  Oareford  grey  and 
pnrplish  or  red  fine-grained  flaggy  grits  are  evidenoed  by  numerons 
sorface-stones.  At  a  bend  in  the  road,  not  shown  in  the  map,  just 
above  the  East  Lynn  Valley,  dark  grey  and  red  fine-grained  grits 
and  schistose  beds  of  the  Foreland  gronp  exhibit  contrary  dips  of 
about  W.  10^  S.  and  S.  20°  E.,  at  angles  apparently  conforming  to 
the  slope  of  the  hill.  In  the  valley  below  the  above  observation, 
dark  grey  Lynton  grits,  even-bedded  and  evenly  jointed,  with  occa- 
eional  grey  schistose  intercalations,  are  exposed  by  the  East  Lynn, 
and  in  little  hills  or  crags  of  a  somewhat  conical  shape,  which  are 
BO  characteristic  of  the  Lynton  grits,  and,  as  before  stated,  occur  near 
their  junction  with  the  Hangman  group  in  this  valley.  By  the 
stream  and  in  the  crags  the  Lynton  beds  dip  S.E.  and  E.S  J!.,  gene- 
rally at  an  angle  of  55"^.  At  Oareford  houses  grey  schists  strike  S.  20^ 
W.,  apparently  dipping  E.  20°  8.  at  from  30°  to  60°.  Near  Withy- 
combe  Farm  purplish-grey  Lynton  grits  strike  in  a  north-easterly 
direction.  North  of  Withycombe  Farm  bluish  schistose  grits  dip 
E.  40°  8.  at  40°. 

At  about  half  a  mile  north  of  Withycombe  Farm  (fig.  4)  the  cha- 
racter of  the  ground  alters,  being  marshy  and  much  lower  about  Oare. 
This  change  is  due  to  a  great  fault  crossing  the  Oareford  road  below 
the  contrary  dips  (exhibited  by  the  Foreland  grits,  as  before  stated), 
and  probably  continuing  along  the  valley  to  the  north  of  doutsham, 
and  thence  by  Bickham  to  Withycombe.  Continuing  this  line  west- 
ward to  the  coast  at  a  point  north  of  the  camp  (between  Countes- 
bury  and  Lynmouth),  where  evidences  of  fault  are  conspicuous  in 
the  cliffs,  we  find  that  it  separates  Foreland  grits  on  the  north  £rom 
Xynton  beds  (with  tolerably  steady  southerly  dip)  on  the  south,  the 
straight  boundary  line  between  the  divisions  being  apparently  only 
broken  in  two  places  by  fringing  masses  of  Lynton  beds  thrust  up 
-with  the  Foreland  grits  on  which  they  rest — ^viz.  for  more  than  a 
mile  near  Combe  Farm  (sheet  27),  and  eastward  of  Oare.  The 
conformable  superposition  of  the  Lynton  beds  on  the  Foreland 
group  is  best  seen  near  Oare.  By  the  farmyard  on  the  north  bank 
of  the  East  Lynn  at  Oare,  hard  lOac,  buff^  and  grey  fine-grained 
grits  with  reddish  markings,  and  jointed  in  all  directions,  are 
exposed  in  a  quarry,  and  dip  8.E.  at  30°.  From  this  quarry  north- 
ward to  the  highroad,  by  Uie  gully  which  usurps  the  place  of  the 
path  shown  on  &e  map.  Foreland  grits  are  evidenced  by  a  thick  head 
of  characteristic  stones. 

At  about  five  chains  eastward  of  the  farmhouse  fine-grained 
grey  even-bedded  Lynton  grits  and  grey  schists  dip  S.E.  at  40°  by 
the  stream,  and  are  shown  further  on  preserving  the  same  direction 
of  dip  at  increasing  angles.  This  upcast  mass  of  Lynton  beds  makes 
a  marked  feature  at  its  junction  with  the  Foreland  grits  on  which 
it  rests,  forming  a  steep  ridge  that  trends  N.E.  to  about  ten  chains 
^m  the  main  road,  whence  the  boundary  deflects  with  a  minor  fea- 
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tore  along  the  slope  of  Oare  Kill  to  i^e  fault  which  cuts  it  off  aome- 
where  near  the  road  to  Oareford. 

From  the  foregoing  evidences  we  hare  no  hesitation  in  saying 
that  the  ahsenoe  of  the  Lynton  heds  from  Lncott  Hill  eastward  is 
dne  to  a  great  fault  which  extends  from  the  point  whence  tiie  coast 
deflects  N.N.E.  to  the  Eoreland,  following  the  East-Lynn  valley 
(hut  cutting  across  the  bends  in  the  stream)  as  far  as  Oareford^ 
whence  sku^ng  the  north  of  Lucott  Hill  it  appears  to  pass  by 
Cloutsham  Ball  (name  not  on  the  map),  and  probably  runs  through 
Bickham  to  Withycombe  on  the  north  of  Croydon  Hill.  This  fault 
appears  to  be  Pre-Triassic ;  but  of  this  we  cannot  be  certain  without 
carefrdly  examining  the  Triassio  districts  of  Luckham,  Wooton 
Courtney,  and  Withycombe. 

Mr.  Etheridge  advocates  the  existence  of  a  fault  from  the  Fore- 
land to  Minehead*,  and  also  suggests  that  the  lowest  beds  are 
obscured  by  ''an  extensive  fault  affecting  the  Foreland  Sand- 
stones "f.  The  correctness  of  the  latter  suggestion  we  have 
endeavoured  to  prove ;  but  we  confine  the  anticlinal  structure  (also 
said  to  obscure  the  relations  of  the  beds)  to  the  higher  ground  com- 
posed of  Foreland  grits  between  Countesbury  and  Porlock,  as  we 
have  failed  to  detect  any  signs  of  such  structure  in  the  East-Lynn 
valley.  Of  the  fault  between  the  Foreland  and  Minehead  we  ooold 
obtain  no  direct  evidence  in  the  limited  area  gone  over,  but,  judging 
from  slight  indications,  think  the  existence  of  such  a  fault,  ob- 
scuring the  relations  of  the  grits  of  the  Foreland  group  inter  Uy  by- 
no  means  improbable. 

The  Torbe  Valley  (fig.  5). 

The  village  of  Ashbrittle  is  situated  on  dark  bluish  slates  or 
thick  shaly  beds  of  the  Coddon-Hill  type,  and  exhibiting  its  cha- 
racteristic features  in  adjacent  hill-summits  to  the  west  of  the 
village.  The  Culm  beds  are  exposed  near  Trace  Bridge,  dippine 
S.E.  at  46^ 

Whatever  cleavage  may  at  times  be  developed  in  the  argillaceons 
parts  of  this  upper  series  of  Devon  and  Cornwall,  it  here  at  least 
coincides  with  the  bedding.  A  line  south  of  Coalman's  Mill,  passing 
between  Chequeridge  and  Pitt  Farms,  divides  the  Culm-shales 
(which  near  Pitt  Farm  arc  nearly  horizontal)  from  the  light-grey 
slates  of  the  Pilton  series.  Near  Coalman's  Mill  Spirifara  Urii 
occurred  in  bluish-grey  slates  which  dip  S.E.  At  Stawley  the 
strike  has  altered,  giving  a  8.S.W.  and  S.W.  dip;  and  north  of 
Stawley  Parsonage,  between  that  and  Hagley  Bridge,  a  marked 
fcuture  is  caused  by  reddish,  greyish,  and  greenish  grits  and  slaty 
beds:  occasional  red-brown  sandy  seams  suggested  a  decomposed 
limeslone. 

These  beds  were  noticed  by  De  la  Bcche  (Geol.  Report,  Cornwall, 
Devon,  &c.,  pp.  53  and  104)  ;  they  contain  many  fossils  {Spiriffm 
dujuncta,  Streptorhynchus,  a  Pilton  Crinoid,  &c.).     Mr.  Hall  com- 

*  Quart.  Joum.  GeoL  Soc  toI.  xadii.  p.  696.  t  Ibid.  p.  694. 
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pares  this  local  deyelopment  of  grit  in  the  Pilton  series  with 
similar  fosailiferoos  grits  near  Braonton.  The  beds  dip  S.S.W.  and 
S.W.  at  fix>m  32°  to  34%  and  at  Kittisford  Barton  8.  at  37°. 

Northward  from  Hagley  Bridge  the  Pilton  beds  are  represented 
by  slates  in  which  grits  were  observed  in  the  lane  north  of  Snrridge, 
di]^ing  from  S^.  to  8.  at  from  40^  to  60°.  Whether  this  change  in 
strike  may  be  natnral  or  the  effect  of  a  fault  bounding  the  norUiem 
slopes  of  Stawley  Parsonage  hill,  we  must,  without  further  in- 
Tcstigation,  leave  as  conjecturaL 

In  the  railway-cutting  to  the  west  of  Pouch  Bridge  rather  dark 
grey  slates,  tough  grey  grits,  and  films  of  limestone  £p  8.  20°  E.  at 
43°.  They  embrace  some  brown  arenaceous  beds,  due,  as  Mr.  Hall 
thinks,  to  decomposition  of  limestone.  Mr.  Hall  found  Pilton  fossils 
in  these  beds. 

In  the  cuttings  east  of  Pouch  Bridge  slates  are  exposed  changing 
abruptly  from  dark  bluish-grey  to  Hght  grey.  Blue-black  slates 
hare  been  turned  out  of  the  tunnel  near  Hellings,  and  yielded 
(so-called)  Fetraia  oeUica.  The  occurrence  of  similar  beds  at  Venn- 
Cross  station,  where  they  contain  8eptaria,  induced  us  to  think  that 
a  strip  of  Culm-measures  had  been  brought  down  by  an  E.  and  W. 
fault ;  but  as  the  Pilton  beds  are  often  dark-coloured,  we  have 
abandoned  this  idea.  In  the  lane  north  of  Pouch-Bridge  viaduct 
light-grey  argillaceous  slates  dipping  southward  contain  Petraia 
cdUea&c 

Pilton  slates  with  unreliable  sui&ce-dips  are  visible  as  far  north  as 
Bockhouae  Inn,  where  a  large  quarry,  by  the  turning  to  Bibor's  Hill, 
exposes  dark-grey  raddled  grits  and  slaty  beds,  containing  Pilton 
fooils,  and  occasionally  brown  seams  (decomposed  limestones)  with 
organic  remains.  The  beds  dip  from  8.  15°  E.  to  8.E.  at  angles 
of  from  66°  to  76°. 

On  the  southern  slope  of  Bibor^s  Hill  very  hard  irregularly 
jobted  grey  grits  and  slaty  beds  dip  N.  30^  W.  at  66°,  thus 
proving  the  structure  to  be  a  natural  or  faulted  anticlinaL  From 
their  breadth  of  outcrop  in  this  district  the  components  of  the 
Pilton  beds  appear  to  be  repeated  both  by  fault  and  flexure ;  and 
from  lithdogical  similarity,  we  are  inclined  to  regard  the  Bibor's- 
Hill  beds  as  a  repetition  of  those  on  8tawley  Parsonage  hill,  pro- 
bably by  a  fault  running  in  an  easterly  and  westerly  direction,  not 
far  north  of  Pouch-Bridge  viaduct.  As  the  BiboFs-Hill  beds  do  not 
•ppear  to  outcrop  north  of  Iron  Hill,  the  grey  slates  which  continue 
thence  to  the  farmhouses  south  of  Wadding  were  probably  dis- 
located by  the  continuation  of  a  fault  shown  in  the  nolway-cutting 
(north  of  Bathealton),  where  it  throws  down  Trias  on  the  south. 
This  view  is  strengthened  bv  contrary  dips,  8.8.E.  at  60*^  and 
N.  16°  W.  at  60°,  respectivwy  obtained  on  the  hill-slope  and  by 
the  lane  to  Chipstable  (to  the  east  of  Trow-Hill  Farm). 

In  a  small  section  at  the  farm,  south  of  Wadding,  Mr.  Hall  fixed 

the  junction  between  the  grey  Pilton  slates  with  limestone  bands 

and  the  olive  slates,  which  in  this  district  form  the  upper  part  of 

the  Baggy  beds.    The  beds  dip  8. 16°  E,  at  70^    In  these  greenish 

Q.J.a.S.  Ko.139.  2p 
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slates  Mr.  Hall  obtained  a  LingtUa,  An  even  conformable  junction 
trending  W.  20®  S.  and  E.  20°  N.  separatee  them  firom  lilac  and 
reddish  grits  and  slaty  beds  shown  in  a  qnarry  a  few  chains  north 
of  Wadding  Farm,  dipping  S.  15°  E.  at  35°.  Mr.  Hall  identified 
these  beds  as  CucuUasa-giits ;  liihologically  we  shonld  have  been 
nnable  to  distinguish  them  from  the  Fickwell  grits  and  slaty  beds, 
upon  which  they  rest  conformably,  forming  a  narrow  zone  about 
twelve  chains  in  width  along  the  southern  flanks  of  the  Fickwell 
range,  and  scarcely  distinguishable  by  feature.  In  this  zone,  8.  of 
ChaUich  Farm,  south-easterly  dips  of  50°  to  55''  were  obtained,  and 
casts  of  Cucullcea  were  found  by  Mr.  HaU. 

In  the  Tone  valley,  at  a  few  chains  north  of  the  CucuHasa-zoney 
a  dip  S.  15°  E.  at  50°  was  obtained  in  Pickwell  beds ;  thence  to 
Washbattle  Mills  the  characteristic  features  and  vegetation  of  the 
Pickwell  series,  constituting  the  high  land  of  Heydon  and  Main 
Downs,  are  unmistakable;  but  the  exposures  of  rock  were  too 
alight  to  afford  reliable  dips.  A  fault  with  a  southeriy  downthrow, 
of  which  evidence  has  been  obtained  near  Wiveliscombe,  may  cross 
the  Tone  valley  near  Challich  Earm. 

On  emerging  jfrom  the  narrow  river-gorge  (of  the  Tone)  which 
intersects  the  Pickwellian  range,  we  have  the  clearest  evidence  of 
perfect  conformity  between  this  series  and  the  underlpng  Moite 
slates  at  Washbattle  Mills,  by  a  slight  deflection  of  the  junction  in 
accordance  with  the  physical  features,  a  character  distinctly  ex- 
hibited in  its  prolongation  westwards.  There  are  no  conglomerates 
jx>  be  seen,  nor  any  thing  to  indicate  a  lapse  of  time  between  these 
two  subdivisions  in  North  Devon  or  West  Somerset. 

Morte  slates  are  shown  immediately  above  the  junction  on  the 
road  to  Huish  Champflower.  The  boundary  follows  the  road  firom 
the  Mill  eastward  to  Higher  Raddon,  and  is  concealed  by  Triassio 
rooks  near  Langley.  Along  this  hue  the  character  of  the  grits  *  \a 
exhibited  in  three  smaU  quarries  on  the  northern  slope  of  Main 
Down  and  at  Higher  Raddon,  where  the  beds  show  S.S.-easterly  dips 
of  firom  35°  to  45°. 

EoUowing  the  boundary  of  the  Trias  and  the  Morte  slates,  the 
character  of  the  latter  is  well  shown  in  Oakhampton  House  slate- 
quarries,  where  the  characteristic  grey  slates  are  somewhat  raddled 
in  places,  the  cleavage  and  bedding  being  apparently  coincident, 
and  dipping  8. 15°-20°  E.  at  70° :  by  the  highroad  to  Pitsford  Hill 
the  same  southerly  dip  has  been  noticed.  We  did  not  continue  this 
traverse  into  sheet  20,  but  obtained  good  evidence  of  the  undulationB 
in  the  greenish  quartz-veined  slates  of  the  Morte  series  which  are 
filhown  in  the  accompanying  section  (fig.  5). 

Across  the  QxrAirrooKS  to  CAinmreioK  Pabk. 

At  Staple  Hill  foot,  near  West  Quantocks  Head,  the  boundary  of 
the  older  rocks  is  sharply  defined.  Purplish  grits  in  broken  con- 
dition are  seen  at  the  cottages ;  and  on  reaching  the  open  ground  a 

*  Ulao,  red,  and  purpliBh-grey  grits  and  slaty  beds. 
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quarry  exposes  red-brown  and  lilao  grits  and  splintery  shales, 
which  dip  N.  15°  W.  at  25°,  and  are  much  cut  up  with  irregular 
joints.  The  spot  is  about  a  quarter  of  a  mile  due  south  of  West 
Quantocks  Head. 

To  the  south  of  the  above,  in  the  gully  east  of  Weaoombe,  a 
quarry  is  opened  in  similar  grits,  fine-grained,  and  partly  greenish, 
dipping  N.  35°  W.  at  20°*  A  quarter  of  a  mile  further  up  the 
Vfidley  grits  with  schistose  intercalations  dip  N.  10°  W.  at  from  40"^ 
to  50°.  From  here  across  the  summit  of  the  range  the  surface- 
stones  (the  only  evidence  obtainable)  are  generally  of  coarse  sili- 
ceous grit,  reminding  one  of  the  upper  beds  of  the  Great  Hang- 
man * ;  but  where  the  paths  to  Hutsham  and  Holford  divide,  the 
rock  shown  in  the  path  is  in  situ,  and  apparently  horizontal. 

At  the  foot  of  the  hills  at  Holford  is  a  large  quarry  of  grits  and 
day  shale,  which  dip  N.E.  at  angles  varying  from  15°  to  30°.  The 
beds  in  the  upper  part  are  thin  quartzose  red-speckled  grey  grits, 
associated  with  greenish-grey  shale,  and  resting  irregularly  upon  a 
boss  of  similar  grit  (fig.  6),  thick-bedded,  into  which  the  shales  dov&- 

Fig.  6. — Boss  of  Grit  in  Shales  with  thin-hedded  Orits^  Holford 
Quarry.    (Vertical  scale,  1  in.  =  40  feet.) 


tail  in  one  or  two  places,  showing  a  lenticular  character  in  the  beds. 
At  a  bend  in  the  highroad,  just  south  of  Holford,  quartzose  grits, 
with  some  even-bedded  finer-grained  beds  and  redder  in  tint,  show 
dips  changing  from  E.  30°  N.  at  40°  to  E.  at  25°.  From  Holford, 
following  the  turnpike  road  to  Nether  Stowey,  a  quarry  by  Sherwage 
Wood  shows  red-brown  grits,  with  general  dip  N.  30°  E.  at  10°. 
At  turning  to  Doddington,  Triassic  rocks  cross  the  road ;  at  turn  to 
Perry  Mill  Farm,  reddish  grits  and  shales  dip  E.  35°  N.  at  40°. 

From  Nether  Stowey  to  Cannington  and  Bridgewater  the  Palaeo- 
zoic rocks  occur  as  inliers  only,  here  and  there  amidst  the  Triassic 
sediments.  Of  these  we  have  only  occasion  to  refer  to  that  of 
Kadlet  Farm  on  the  south  of  the  road,  and  those  of  Ashford  Mill 
and  Cannington  on  the  north.  The  inlier  at  Radlet  consists  of  fine 
reddish  grits  and  shales.  Padnoller  beds  are  similar  grits  and 
shales,  affected  by  an  east  and  west  fault,  which  bounds  the  last- 
mentioned  inlier  on  the  north. 

Immediately  to  the  north  of  Cannington  an  E.  and  W.  ridge,  two 
miles  long,  consists  of  purplish-grey  arenaceous  mudstones,  finely 


*  See  Symonds'B  *  Eecords  of  the  Bocks/  p.  264. 

^  2p2 
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mioaoeotiB  and  seotile.  In  the  roads  north  from  Cannington  to 
Cannington  Park  the  surface-dip  seems  to  be  southward,  with 
undulations.  An  exposure  in  an  adjacent  field  showed  red-brown 
shales  .with  occasional  greenish  mottUng,  under  red  Triassic  sand, 
near  the  northern  margin  of  the  patch.  With  the  conditioxis 
under  which  these  inliers  present  tixemsdves  there  is  such  a  con- 
stant chance  of  raddling  from  Trias,  that  the  colours  of  these  soft 
arenaceous  mudstones  cannot  be  considered  of  much  value,  and 
they  may  be  of  ahnost  any  age,  from  the  Culm-measures  down* 
wards. 

Their  relations  with  the  Cannington^Park  limestones  are  ob* 
soured  by  Triassic  sands  occupying  the  valley  between  the  inli^s. 
Large  E.  and  W.  faults  prevail  in  the  Bridgewater  area,  notably 
one  on  the  south  of  Fiddington,  with  downthrow  on  the  south: 
and  this,  if  continuous,  would  make  the  Cannington  inlier  above 
the  limestone;  but  the  frequency  of  these  Post-Trias^c  dis- 
turbances along  £.  and  W.  Hnes  would  justify  a  belief  in  pe- 
cedent  lines  of  fracture  in  similar  directions  concealed  by  the 
Trias  ;  so  that  in  the  absence  of  any  evidence  of  relations  between 
the  Cannington  and  Cannington-Park  inliers,  it  seems  not  un- 
reasonable to  regard  their  junction  as  a  pre-Triassic  faulty  probably 
of  great  magnitude. 

The  limestone  is  well  bedded,  and  intersected  by  numerous 
irregular  joints.  As  far  as  evidence  goes,  the  dips  in  the  quarry  by 
the  road  on  the  south  side  of  the  park  would  make  the  strike  of  the 
limestone  at  right  angles  to  the  trend  of  the  adjacent  inlier,  i.  t.  the 
reverse  of  what  would  happen  were  their  relations  normaL  On 
the  N.W.  side  of  the  quarry  the  dips  range  from  W.  42°  8.  at 
20^  to  S.  25°  W.  at  2b'' ;  and  on  the  N.E.  face  the  beds  dip  E.  30°  8. 
at  40°.  A  similar  change  of  dip  is  observable  on  the  south  side  of 
the  quarry.  In  the  S.W.  comer,  near  the  entrance,  the  beds  dip  W. 
at  70°,  and  W.  15°  8.  at  55°,  whilst  on  the  S.E.  a  dip  E.  20°  N.  at 
38°  is  observable,  also  8.  42°  E.  at  20°.  The  beds  therefore  form 
an  anticline,  the  axis  of  which  trends  in  a  N.  and  8.  direction.  In 
one  part  of  the  southern  face  two  fissures  filled  with  Triassic  sand 
were  observed. 

The  limestone  is  of  light  grov  and  dove-coloured  tints,  intersected 
by  pinkish  veins  and  strings  of  calcite.  Much  is  of  oolitic  struc- 
ture, identical  with  that  of  the  Mountain  Limestone  at  Clifton,  and 
also  on  Broadfield  Down,  near  Yatton.  We  have  never  seen  oolitic 
structure  in  any  of  the  8outh-Devon  Hmestones.  Traces  of  crinoidal 
stems  and  corals  we  observed  on  the  spot,  but  nothing  that  could  be 
identified. 

In  the  Taunton  Museum  we  were  shown  the  following  specimem : 
— (1)  Productua^  of  small  size,  apparently  P.  cora,  as  it  has  the 
wrinkled  ears  and  deHcate  rounded  striaa  of  that  species,  labelled 
**  J.H.  Payne,  Cannington  Park  Limestone,  October  24th,  1851 ;" 
(2)  Lithostrotion^  two  fine  polished  specimens  of  a  caospitose  form» 
apparently  L.  Martini ;  (3)  Lithostrotion  hagalHforme ;  the  Corals 
from  the  Baker  Collection.  (With  regard  to  No.  3,  the  identification 
IS  open  to  question.) 
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The  Gannington-Park  limestone  we  should  unqnesiionahly  con- 
sider Carboniferous  Limestone  *.  The  South-Devon  limestones  most 
resembling  it  are  the  great  mass  north  of  Dainton  Tunnel,  traversed 
by  the  Great  Western  Railway,  tbe  Ck)nnator-Hill  limestone  {uijoin* 
ing  tbe  Totnes  and  Newton  turnpike  road,  as  well  as  that  of  Barton, 
near  Torquay.  These  are  all  light-coloured,  partiaUy  dobmitized 
(the  first  two  scarcely  fossiliferous),  and  witb  bedding  undistinguish* 
able ;  benoe  their  resemblance  cannot  be  called  intimate. 

The  bedded  and  usually  dark-coloured  limestones  at  Daddyhole 
Plain,  near  Torquay,  at  West  Ogwell  and  Bradley,  at  Dartington, 
and  other  localities  too  numerous  to  mention,  have,  neither  in 
fossils  nor  lithologically,  the  slightest  resemblance  to  the  Cannington 
rock ;  but  they  have,  on  tbe  contrary,  a  decided  similarity,  which 
amounts  at  times  to  identity,  to  the  limestones  of  Asholt. 

On  recrossing  the  Quantocks  to  Bishops-Lydeard,  we  observed  on 
Asholt  Common  a  quarry  of  uneven  dark  bluish-grey  limestone, 
often  shelvy,  of  a  character  met  with  so  constantly  in  South 
Devon.  Tlus  seems  to  overlie  red-brown  grits,  dipping  S.  20°  E. 
at  from  40°  to  60°  on  the  north  of  Asholt  Common.  Behind  Lower- 
Asholt  schoolhouse  the  character  of  the  Devonian  limestone  de- 
veloped in  a  horseshoe  form,  with  Merridge  as  the  centre  of  the 
curve,  is  shown  at  its  western  extremity  to  consist  of  reddish  and 
bluish  '  shelvy '  limestone,  full  of  calcite,  and  intersected  by  a  small 
fault.  These  we  agree  with  previous  writers  (especially  Sir  H. 
De  la  Beche  and  Mr.  Etheridge)  in  referring  to  the  Bfracombo 
series,  of  which  the  southern  part  of  the  Quantocks  appears 
to  consist. 

Another  very  strong  reason  for  the  identification  of  the  Can- 
nington-Park  limestone  with  the  Carboniferous  Limestone  of  the 
Mendips,  of  which  we  think  it  forms  the  southern  margin  (the  con- 
nexion being  concealed  by  intervening  Secondary  rocks),  is  the 
entire  absence  of  shaly  structure  or  associated  detrital  matter, 
which  are  so  often  characteristic  features  in  the  Devonian  lime- 
stones. 

In  conclusion,  we  have  to  express  our  thanks  to  Mr.  Hall  for 
the  kind  assistance  he  has  rendered  in  the  particulars  in  connexion 
with  which  his  name  has  been  associated  in  this  paper. 

*  This  view  is  confirmed  by  Mr.  Tawney  in  an  exhaustiTe  paper  on  the 
subject  (Proc.  Brist.  Nat.  Soc  vol.  i.  part  3,  p.  380),  in  which  he  mentions  his 
disooTery  in  situ  of  lAthostroHon  irreauUtre  and  crushed  shells,  perhaps  Tere- 
bulata  hastata,  or  possibly  Athyris,  also  a  small  Productus  eltgans,  or  young 
P.ptmctatus^  and  part  of  a  stem  o{  Actifiocrimat^  obtained  by  Mr.  Winwood.  He 
comcides  in  Mr.  S.  G.  Peroevid's  opinion  that  the  limestone  is  undoubtedly 
Upper  Carboniferous  Limestone,  and  mentions  that  gentleman's  determination 
of  the  fossilB  presented  to  the  Taunton  Museum  bv  Mr.  Baker— Lithoseroiion 
Martini,  L.  irregulare,  L.  aranea,  CligiophyUum  turbinatum,  Syringopora  ramu- 
loaa.  He  also  considers  that  from  this  identification  of  its  age  "  it  follows  that  it 
is  totally  disconnected  with  the  Quantock  series  seen  a  few  hundred  yards  off." 
In  this  unqualified  opinion  we  cannot  agree,  as  it  is  by  no  means  certain  that 
the  adjacent  PalsBOBoic  inliers  belong  to  the  Quantock  series. 

Mr.  T^wney  noticed  the  anticlinal  structure  we  have  described,  and  says, 
"  The  fault  spoken  of  by  Sir  H.  De  la  Beche  must  certainly  exist." 
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Discussion. 

Prof.  SsELST  said  he  had  examined  the  district  some  yean  since, 
rather  carefully,  and  wished  to  ask  Mr.  Usaher  a  few  questions. 
He  himself  thought  he  had  made  out  the  sequence  and  xnineral 
structure  of  the  beds,  as  he  did  not  think  the  distinctionB  already 
established  could  be  always  identified;  he  also  demurred  to  the 
faults  mentioned  by  the  authors.  Fossils  are  rare  in  many  parts  of 
the  series.  He  wished  therefore  to  know  on  what  authority  the 
authors  had  made  their  divisions. 

Mr.  WiNwooD  said  he  knew  the  country,  and  had  found  many 
fossils  in  places  where  Prof.  Seeley  said  he  had  not  found  them.  He 
described  various  localities  and  the  results  of  his  examination. 

Mr.  UssHER  stated  that  he  had  traced  the  subdivisions,  both  by 
feature  and  by  lithological  character,  over  an  area  exceeiding  300 
square  milos^  and  that  the  fliults  were  well  founded. 
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42.  CoKTRiBUTiOKS  to  the  Knowledge  of  Fossil  Cbustacba.  By  Hbnbt 
WooDWABD,  Esq.,  LL.D.,  F.R.S.,  F.G.S.,  of  the  British  Museum. 
(B^ad  May  28, 1879.) 

[Plate  XXVL] 

I.  On  a  fossil  Squilla  yrom  the  London  Clay  of  Highgate—^art  of  the 
"  Weiherdl  Collection  "  in  the  British  Museum.  (Plate  XXVI. 
fig.l.) 

The  Stomapoda  (as  restricted  by  Prof.  Huxley,  and)  represented 
at  the  present  day  by  SquiUa^  PseudosquUla^  Oonodactylus^  and 
Coronis,  are  not  only  interesting  from  the  fact  that  they  differ 
widely  in  many  important  points  of  structure  from  all  other  Crus- 
tacea ;  but,  from  their  extensive  distribution  over  the  seas  of  the 
globe,  they  bear  evidence  of  high  antiquity ,  and  justly  challenge  the 
attention  of  the  palfiBontologist. 

Two  causes,  however,  may  probably  assist  in  explaining  the  rare 
occurrence  of  SquiUa  in  a  fossil  state : — first,  the  thinness  of  its 
test,  which  would  render  it  less  likely  to  be  preserved ;  and,  secondly, 
the  fact  that  SquxUa  lives  in,  comparatively  speaking,  deep  water, 
and  prefers  clear  water  undisturbed  by  sedimentary  deposits. 

Fossil  Squxllas  have  been  described  by  Miinster,  in  1839,  from  the 
lithographic  stone  of  Solenhofen,  Bavaria,  under  the  name  of  Sculda 
pennata  (Beitrage,  vol.  iii.  t.  4.  fig.  4),  and  by  the  same  author  from 
the  Eocene  of  Monte  Bolca,  near  Yerona,  Italy,  under  the  name  of 
SquUla  antiqua  (Beitrage,  vol.  v.  t.  9.  f.  11). 

The  Briti^  Museum  possesses  very  perfect  specimens  of  SquiUa 
£rom  the  lithographic  stone  of  Solenhofen  (part  of  the  late  Dr. 
Haberlein's  collection,  see  Plate  XXVI.  fig.  5);  but  I  have  not 
seen  the  fossil  SquiUa  from  Monte  Bolca,  and,  although  the  figure 
given  by  Miinster  is  sufficient  to  prove  it  to  be  a  veritable  SquUla^ 
it  is  of  no  value  for  the  purpose  of  critical  comparison. 

The  specimen  about  to  be  described,  although  merely  a  portion  of 
an  abdomen,  is  so  characteristic  of  the  genus  SquiUa  that  it  deserves 
to  be  recorded  in  our  list  of  British  fossil  Crustacea. 

To  Prof.  Wood-Mason  is  due  to  the  credit  of  noticing  the  generic 
characters  of  this  fossil,  in  a  hasty  survey  of  the  *'  We^erell  Collec- 
tion" some  time  since :  it  may  appropriately  be  noticed  now  together 
with  other  fossil  SquiUce  of  still  older  date. 

The  fossil,  which  is  preserved  (as  is  usual  with  organic  remains  in 
the  London  Clay)  in  a  phosphatic  nodule  of  unequal  hardness,  has 
only  in  part  been  developed  with  success,  and  exhibits  five  well- 
preserved  segments  (xiv-xvin),  a  portion  of  the  carapace,  traces  of 
the  thoracic  appendages,  and  those  of  the  xxtii  segment  preceding  the 
telson. 

It  presents  the  same  glossy-black  enamelled  surface  character- 
istic of  Macruran-Decapod  remains  from  the  London  Clay. 
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"With  the  ezoepidon  of  the  small  anterior  thoracic  one  (xir), 
each  abdominal  segment  (xY-XYin),  has  a  single  oblong  pnnctiun  on 
either  side  near  the  lateral  margin  of  the  tergum ;  and  each  of  the 
three  most  posterior  somites  (xYi-xTni),  bears  two  small  snbcentnd 
pnncta  on  its  anterior  border,  whilst  the  two  hindmost  rings  (xtu 
&  xvrn)  have  each  a  single  central  punctura  on  it«  posterior  borde^. 
The  epimeral  portion  of  each  somite  is  separated  from  its  teigal 
portion  by  a  weU-defined  and  prominent  ridge  running  parallel  to 
the  lateral  border,  which  is  truncated  and  marked  by  a  second  ridge 
on  its  margin,  the  latero-posterior  angle  of  each  8^;ment  being 
produced  backwards  into  a  small  acute  tooth.  As  is  characteristic 
of  the  modem  SquiUcB,  the  abdominal  segments  of  this  fossil  form 
increase  in  breadth  from  the  thorax  backwards,  the  xTth  measuring 
27  miUims.  oyer  the  tergum,  and  the  xymth  measuring  34  milHms. 
The  length  of  the  segments  is  as  follows ; — 

xirth  (thoracic)     4  millims.  long. 
XTth  (abdominal)  6      „  „ 

xnth  „  8      „  „ 

3^vnth        „  6*    „  „ 

xvmth       ,^         8      „  „ 

The  estimated  length  of  the  throe  remaining  s^^ents  may  be 
arrived  at  pretty  correctly  by  measuring  from  the  hinder  border 
of  the  xymth  somite  to  the  margin  of  the  telson,  or  xxist  somite, 
which  is  indicated  upon  the  nodule  by  a  lino  of  projecting  spines 
marking  its  posterior  border. 

Estimated  length  of  xixth  (abdominal)  segment    8  millims. 
„  w        xxth  „  „       10      „ 

„  „        xxist         „  or  telson  17      „ 

A  comparison  of  our  fossil  with  various  recent  species  has  been 
made.  It  differs  from  Pseudasquilla  Lessoni  in  that  the  segments  in 
the  latter  are  quite  smooth  and  ihere  are  no  lateral  ridges  or  poneta. 

In  Gonodactylus  chiragra  and  in  G.  euUrifer  the  body-segments 
are  also  smooth,  without  ridges. 

In  SquiUa  mantis  there  are  two  dorsal  ridgee  and  two  epimeral 
ridges  on  each  somite. 

In  the  British  SquiUa  DesmarestU  (PI.  XXVI.  fig.  2)  there  are  no 
dorsal  ridges,  but  there  are  two  epimeral  ridges  on  each  somite. 

In  a  recent  Squilla  brought  home  by  J.  Beete  Jukes  (when  natu- 
ralist on  board  H.M.8.  '  Fly '  in  1842-3-4)  from  Australia,  nearly 
allied  to  S.  D^smarestii,  hut  not  namedf,  the  dorsal  ridges  are  also 
absent ;  and  there  are  only  two  lateral  ridgee  on  the  epimera.  In 
this  species  then,  so  widely  distributed,  we  find  the  nearest  living 
ally  to  our  London-Clay  fossil. 

I  would  propose  for  this  new  Eocene  form  the  name  of  Squilla 

*  The  margin  of  this  segment  is  slightly  imperfeot ;  it  may  therefore  periiapt 
have  been  deeper. 

t  I  am  indebted  to  my  oolleague  Dr.  A  Giinther,  RR.S.,  Keeper  of  the  Zoo- 
lo^cal  Department,  for  kindly  giving  me  facility  for  examining  and  octnpanng 
this  fossil  with  the  fine  aeries  of  reoent  specimens  in  the  Museum. 
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WeOureVi,  in  memory  of  my  old  friend  Mr.  N.  T.  Wetherell,  F.G.8., 
of  Highgate,  to  whose  oare  and  assiduity  in  collecting  and  preserving 
the  fossil  remains  of  this  formation  we  are  indebted  for  our  know- 
ledge of  this  new  Crustacean. 


IT.  On  Necroscilla  Wilsoni,  a  supposed  Stamapod  Crustacean^  from 
ike  Middle  Coal'Measures,  Vossall,  near  Ilkestan.  (Plate  XXVI. 
fig.  3.) 

I  am  indebted  to  Mr.  Edward  Wilson,  E.Q.S.,  of  Nottingham,  for 
the  opportunity  of  examining  this  new  and  very  interesting  fossil. 
It  is  preserved  in  a  nodule  of  clay-ironstone,  similar  to  those  which 
have  yielded  such  beautiful  fossils  in  the  Shropshire  and  Stafford' 
shire  coalfields,  and  from  one  of  which  Mr.  Wilson  obtained  (in 
1876)  the  chelate  palpus  and  five  abdominal  somites  of  a  Scorpion 
(see  Quart.  Journ.  Geol.  Soc.  vol.  xxxii.  pi.  viii.  figs.  2  &  3,  p.  58). 
Although  the  specimen  is  only  a  portion  of  a  Crustacean,  consisting 
of  the  five  posterior  abdominal  somites  and  the  ^'  telson  "  or  termi- 
nal segment,  yet,  from  the  form  of  the  latter  and  the  presence  of 
appendages  to  the  penultimate  somite,  I  venture  to  think  it  deserv- 
ing of  d^cription. 

The  length  of  the  specimen  is  21  millimetres,  and  the  breadth  of 
the  somites  9  mm. ;  breadth  of  caudal  portion  with  lateral  appendages 
11 1  mm.  Save  for  a  number  of  minute  fractures  of  the  surfeu^e  of 
the  fossil  (giving  to  it  what  connoisseurs  of  old  china  would  term  a 
''  crackled  "  surface),  the  specimen  is  without  ornamentation.  The 
somites  are  quadrate ;  their  postero-lateral  angles  are  slightly  pro- 
duced ;  the  fifth  somite,  or  that  immediately  preceding  the  telson,  has 
its  latero-posterior  angles  emarginate  to  give  insertion  to  the  paired 
appendages  on  either  side.  The  outer  limb  (or  exopodite)  consists 
of  three  joints : — a  short,  somewhat  triangular,  basal  or  proximal 
joint,  3  millims.  long  by  2  millims.  broad ;  an  oblong  median  joint, 
4  millims.  long  by  2  millims.  broad ;  and  a  semicircular  terminal 
palette,  2  millims.  long  by  2  miUims.  broad  at  its  straight  proximal 
margin. 

The  inner  appendage  (or  epipodite)  is  a  much  more  slender 
appendage  than  that  outside  the  proximal  joint  to  which  it  is 
articulated ;  it  is  perhaps  composed  of  two  joints. 

The  telson  measures  6  millims.  in  breadth  at  its  anterior  border, 
where  it  unites  with  the  penultimate  segment ;  the  sides  converge 
towards  the  posterior  margin,  where  it  is  4  millims.  broad.  The 
hind  border  is  produced  on  the  median  line  into  a  small  blunt  pro- 
minence, or  tooth,  on  either  side  of  which  it  is  roundly  emai^nated, 
to  give  insertion  to  two  small  hastiform  spines,  which  are  articu- 
lated to  the  margin  of  the  telson.  Two  other  fixed  spines  ornament 
the  lateral  border  of  the  telson  on  the  outer  side  of  the  two  movable 
ones. 

I  know  of  only  one  Coal-measure  crustacean  which  might  possibly 
be  related  to  the  fossil  under  consideration  :  it  is  the  Diplostylus 
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I>aw9on%  of  Salter,  from  the  Coal-measures  of  Nova  Scotia  (see  Quart 
Joum.  Geol.  Soc.  1863,  vol.  xix.  p.  77).  This  little  Crastacean  is 
known,  like  our  specimen,  only  by  the  five  posterior  rings  and  the 
telson.  There  are  no  appendages  to  the  penultimate  somite ;  an4 
there  are  four  small  movable  obovate  palettes  attached  to  the  latero- 
posterior  border  of  the  telson,  whi(^  has  three  serrations  on  the 
mesial  line. 

Mr.  Salter  refers  Diplostylus  to  the  Amphipoda,  comparing  it  wiUi 
the  Hyperina ;  bat  the  two  small  obovate  palettes  attached  to  the 
border  of  the  shield-shaped  telson  of  Diphstylus,  which  are  little 
more  than  movable  spines,  do  not  appear  to  me  to  correspond  with 
the  jointed  abdominal  appendages  of  the  posterior  somites  of  Hy- 
perina. 

In  the  specimen  now  under  consideration  the  pair  of  natatory 
appendages  arise  from  the  somite  immediately  preceding  the  telson ; 
and  in  this  respect  they  agree  with  the  posterior  pair  of  swimming- 
feet  in  SquiUa  and  many  of  the  Isopoda. 

Comparing  our  fossil  with  the  recent  genus  PseudosmiiBa^  we 
observe  that  in  both  there  are  a  pair  of  small  movable  spines 
attached  to  the  posterior  border  of  the  telson. 

But  the  outer  swimming-appendage  of  the  penultimate  somite 
has  not  the  spinose  border  to  its  second  joint — a  very  constant 
character  in  all  the  modem  SqvilkB^  with  the  single  exception  of  the 
genus  Coronis,  in  which  the  segments  of  the  body  are  also  destitute 
of  ridges. 

As  we  know  so  little,  however,  at  present,  of  this  Carboniferous 
Crustacean,  I  think  it  is  prudent  to  avoid  speaking  with  too  mudi 
assurance  as  to  its  zoological  affinities,  although  I  incline  to  regard 
it  as  necurer  to  the  Stomapoda  than  to  the  Isopoda. 

It  is  highly  probable  also  that  Dr.  Dawson's  Diplostylta  may 
have  been  related  to  this  Crustacean ;  but  as  it  does  not  appear  that 
D.  Dawsoni  possessed  appendages  to  the  penultimate  body-s^ment, 
whereas  our  specimen  has  a  pair  of  well-developed  bifid  swimming- 
feet,  we  cannot  refer  them  to  the  same  genus.  I  propose,  then,  to 
name  this  fossil  crustacean  NecrosdUa  Wihoni^  believing  that  by 
recording  its  discovery  further  elucidation  of  this  old  form  will 
result. 

m.  On  ihe  Discovery  of  a  fossil  Squilla  in  the  Cretaceous  Deposits 
of  Hdkel,  in  the  Lebanon,  Syria.     (Plate  XXVI.  fig.  4.) 

For  a  knowledge  of  this  and  other  new  and  interesting  forms  of 
Cretaceous  Crustacea  from  the  Lebanon  I  am  indebted  to  tibe  labours 
of  the  Eev.  E.  K.  Lewis,  M.A.,  F.G.S.,  Professor  in  the  Syrian  Pro- 
testant College,  Beiriit. 

The  fossils  from  these  Cretaceous  rocks  of  the  Lebanon  are  ob- 
tained from  two  localities,  H&kel  and  Sahel-Alma.  Of  these  H&kel 
is  the  oldest  known  locality,  though  it  has  been  rarely  visited.  The 
only  geologists  who  have  actually  visited  it  of  late  years  are  M. 
Humbert,  Prof.  Lewis,  Dr.  Oscar  Fraas,  and  the  Hon.  Robert  Mar- 
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aham.  M.  Humbert  and  Prof.  Lewis  have  alone  given  any  account 
of  the  locality.  Prof.  Lewis  says : — "  HSkel  can  be  reached  in  one 
hard  day  from  BeirCit.  By  following  the  sea-coast  to  Jebail  (the 
ancient  Byblus),  a  small  seaport  town  between  Beiriit  and  Tripoli, 
then  striMng  N.E.  (over  the  dibrU  of  old  and  rained  temples  and 
towers,  which  once  covered  the  locality)  towards  Amshit ;  leaving 
it  on  the  left  and  turning  nearly  east,  we  follow  the  windings  of  a 
ridge  which  looks  abrupUy  down  upon  deep  valleys  on  either  side. 
After  four  hours  hard  travelling  from  Jebail,  H&kel  is  reached.'' 
Prof.  Lewis  estimates  the  height  of  H&kel  at  800  to  1000  feet  only*, 
and  its  distance  from  the  sea  in  a  straight  line  at  about  six  miles  ; 
but  the  road  is  very  difficult  and  the  traveUing  execrable.  Passing 
through  the  village  on  the  right  of  the  stream  (which  in  winter  is 
a  torrent),  we  must  foUow  the  valley  to  its  head  in  order  to  reach 
the  celebrated  Fish-quarries.  About  a  mile  up,  the  sides  of  the 
vaUey  approach  each  other,  and  the  valley  becomes  choked  with 
masses  of  rock  which  have  fallen  from  the  precipitous  sides.  The 
strata  on  the  left  as  we  ascend  are  regularly  superposed,  a  fine 
section  cut  by  the  stream  being  exposed  to  view.  On  the  right  the 
strata  present  only  a  confused  mass  of  debris.  Ascending  still 
higher  over  the  fallen  masses,  we  find  the  strata  beneath  our  feet 
are  steeply  inclined.  The  valley  here  expands  into  a  large  amphi* 
theatre,  narrowed  below  and  above,  but  widening  in  the  middle. 

The  strata  far  above  our  heads  correspond  with  those  on  the  op- 
posite side  of  the  valley ;  but  below  they  lie  at  so  great  an  inclina- 
tion that  it  is  difficult  to  walk  upon  them.  This  slope  of  the  strata 
extends  from  high  up  in  the  hill-side  far  down  into  the  valley,  and 
has,  M.  Humbert  thinks,  occasioned  landslips,  and  is  itself  the  cause 
of  the  steep  inclination  of  the  lower  strata,  as  where  undisturbed 
they  lie  horizontally. 

He  points  out  that  the  valley  of  H4kel  is  one  of  erosion,  and  that 
there  is  evidence  on  its  northern  side  of  the  difierent  levels  at  which 
the  old  stream  has  flowed.  Harder  and  more  resisting  strata  pro- 
ject from  the  cliff  at  various  heights,  and  alternate  with  softer  beds, 
which  being  more  easily  disintegrated  have  been  deeply  eroded.  This 
process  of  destruction  going  on  for  centuries  fully  explains  the  vast 
mass  of  debris  filling  the  lower  portion  of  the  vaUeyt. 

The  surface  of  most  of  the  slabs  in  this  quarry  exhibit  upon  their 
bedding-planes  and  laminae  numbers  of  specimens  of  Clttjpea  hrevis- 
gimaj  Clupea  Bottce,  fragments  of  Eurypholifi  Boissieri^  and  nume- 
rous other  fishes,  together  with  remains  of  Crustacea,  many  of  which 
are  new  to  science. 

The  neat  little  Stomapod  under  notice  (PL  XXYI.  ^^,  4)  mea- 
sures 40  millimetres  in  length,  and  is  preserved  on  the  surface  of 
a  slab  of  compact,  fine-grained,  cream-coloured  limestone,  on  the 

*  M.  Botta  lays  of  Hukel : — "  This  place  is  situated  in  a  deep  yallejr  at  a 
great  hei^t  above  the  sea ;  for  one  has  to  ascend  for  six  hours  to  reach  it,  and 
the  clou£  trayerse  it." 

t  Abstract  of  paper  on  the  Fossil-Fish  Localities  of  the  Lebanon,  by  the 
Bev.  Prof.  Lewis,  MJL.,  F.a.S.,  Geol.  Mag,  1878,  p.  214. 
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thin  slabs  of  which  such  rich  and  varied  fish-remains  have  been 
discovered. 

The  fossil  lies  npon  its  left  side,  and  exhibits  the  cephalic  shidd, 
with  the  eyes,  antennnles,  antennae,  and  the  great  recurved  mono- 
dactyloos  maxillipeds,  m,  m  (one  of  which  is  displaced  and  lies  on  tb« 
opposite  side).  The  tJioracic  and  abdominal  somites  are  much  com- 
pressed. Only  a  trace  of  the  thoracic  limbs  is  seen.  None  of  iht 
other  paired  appendages  are  preserved  until  the  twenties  pair,  whidi 
have  the  characteristic  form  and  serrated  outer  border(«)  to  the  pe- 
nultimate joint  peculiar  to  modem  SquiUa.  The  terminal  palette 
of  this  swimming-foot  is  lost  (as  is  also  the  case  with  the  specimens 
from  Solenhofen) ;  but  this  is,  no  doubt,  due  to  the  weakness  of  its 
articulation  to  the  penultimate  joint. 

The  telson  was  ornamented  with  a  spinose  border  ;  but  it  is  not 
sufficiently  well  preserved  to  be  described  in  detail.  The  s^ments 
of  the  abdomen  are  smooth,  and  nearly  of  equal  size,  the  posterior 
ones  being  the  broadest. 

The  borders  of  the  epimera  are  without  spines,  and  quadrate  in 
form.  The  segments  are  smooth,  not  being  divided  by  epimeral  or 
tergal  ridges  as  in  the  modem  SquUla,  in  this  respect  resembling 
Ooronis  and  Oonodactylus ;  yet  the  presence  of  the  great  toothed 
second  pair  of  maxillipeds  certainly  affines  it  to  SquiUa  rather  than 
to  one  of  the  allied  genera.  like  the  Eocene  form  from  t^e  London 
Clay,  it  is  probably  nearly  related  to  the  widely-distributed  S. 
Desmarestiu 

In  point  of  size  this  Cretaceous  form  agrees  closely  with  the  spe- 
cies described  from  Solenhofen  (see  PI.  XXVI.  fig.  6);  but  the 
segments  of  the  Jurassic  form  are  all  highly  ornamented  with  spines 
and  costsB,  whereas  the  later  Cretaceous  form  is  destitute  of  orna- 
mentation on  the  segments. 

Dimensions  of  Cretaceous  SquiUa. 

Length.  Breadth. 

milOnL  millim. 

Carapace  8  6 

4  thoracic  somites    6  6 

6  abdominal  somites 19  7 

Telson  or  2l8t  somite 7  x 

Antennae  7 

• 

I  dedicate  this  interesting  specimen  to  Prof.  £.  R.  Lewis,  F.O.8., 
the  discoverer,  naming  it  Squilla  Lewisii. 


rV.  On  the  Occurrence  of  a  Fossil  King-crab  (Limulus  syriacus)  in  the 
Cretaceous  Formation  of  the  Lebanon.     (Plate  XXYI.  fig.  6.) 

The  proposition  that  if  any  animal  be  found,  both  in  a  living  state 
and  also  fossil  in  some  early  formation,  it  may  justly  be  con- 
cluded thtiA;  it  has  survived  during  the  period  repres^iited  by  the 
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deposition  of  all  the  intennediate  formations,  from  the  time  of  its 
first  appearance  to  the  present  day,  has  met  with  such  frequent 
confirmation,  that  it  may  now  be  considered  an  axiom  of  palsdon- 
tology. 

The  discovery  of  Limulus  in  the  Cretaceous  formation  long  sub- 
sequent to  its  early  determination  from  the  older  Solenhofen  Lime-^ 
stone,  affords  another  illustration  of  the  truth  of  this  proposition. 

So  long  ago  as  1838,  Prof.  J.  van  der  Hoeven  published  his 
memoir  (*  Recherches  sur  THistoire  Naturelle  et  TAnatomie  des 
Limules,'  Leyden,  4to,  1838,  pp.  1-48,  7  plates),  in  which,  in  addi- 
tion to  a  very  excellent  anatomical  description  of  modem  Limulus^ 
which  he  separates  into  four  species,  he  gives  descriptions  of  six 
species  which  occur  fossil  in  the  Lithographic  stone  (Upper  White 
Jura)  of  Solenhofen,  Bavaria. 

From  our  present  kuowledge  of  modem  Limtdus^  both  on  the 
eastern  coast  of  North  America  and  in  the  seas  of  China  and  Japan, 
where  it  occurs  in  great  abundance,  it  seems  highly  improbable 
that  six  species  would  really  be  found  in  so  limited  a  spot  as  Solen- 
hofen in  Bavaria.  Probably  not  more  than  two  species  occur  living 
at  the  present  day. 

One  of  these,  Limtdtis  polyphemuSf  alone  occupies  the  eastern 
seaboard  of  North  America,  from  New  England  to  the  shores  of  the 
Gulf  of  Mexico,  and  is  numerically  in  the  greatest  abundance. 
The  other,  Limulus  longispina  or  L.  moluccanus,  occupies  a  part  of 
the  eastern  seaboard  of  China,  and  is  found  around  the  Japanese 
and  Moluccan  Islands,  covering  even  a  wider  area  than  its  American 
contemporary. 

The  species  now  discovered  by  Prof.  Lewis  in  the  Cretaceous 
rocks  of  H&kel,  fills  a  hiatus  long  felt,  and  serves  to  bring  nearer 
the  Oolitic  Limuli  and  the  existing  forms  of  Eiug-crab. 

Only  one  slab  is  preserved,  the  counterpart  having  been  lost ;  it 
presents  about  three  fourths  of  the  specimen  preserved  as  a  flattened 
impression  on  the  slab,  and  was  obtained,  like  the  Squilla  Lewisii, 
from  H4kel,  in  the  Lebanon. 

If  perfect,  the  cephalic  shield  would  have  measured  about  13 
centimetres  in  breadth  by  7  centims.  deep,  the  thoracico-abdominal 
shield  being  7  centims.  at  its  widest  (anterior)  part,  diminishing 
to  4  centims.  at  its  hinder  border,  the  length  being  5||  centims. ; 
the  tclson  or  tailspine  measures  11  centims.  in  length.  5  mo- 
vable and  six  fixed  spines  alternate  along  the  border  of  the  tho- 
racico-abdominal somites,  which  are  coalesced,  as  in  modem  Limulus, 
to  form  the  postcephalic  buckler.     No  limbs  are  preserved. 

In  point  of  size  this  specimen  closely  agrees  with  L.  Walchii, 
Desmar.,  from  Solenhofen. 

I  propose  for  this  Cretaceous  form  the  trivial  name  of  L,  syriaeus. 
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DESCRIPTION  OP  PLATE  XXVI. 

Fig.  1.  SguiUa  Wetherelli,  H.  Woodward.  London-olay,  Highgate :  figured  of 
the  natural  size.  The  shaded  portions  show  the  actual  part  of  the 
fossil  jpreeeryed.     (The  original  presenred  in  the  British  Museum.) 

2.  SquiUa  Desmarestii,  Risso.   Recent  British.  (Copied  from  Beirs  •  British 

Stalk-ejed  Crustacea.*)  m  w,  the  great-toothed  monodactylous  max- 
illipeds ;  s  s,  serrated  outer  border  of  penultimate  joint  of  swimming- 
appendage. 

3.  Necroscilla  WUsatU,  H.  Woodw.    Middle  Coal-measures,  Cossall,  nesr 

Ilkeston,  Derbyshire.  (From  the  cabinet  of  E.  Wilson,  Esq.,  F.Q.S., 
Nottingham.)    Ehilarffed  3  times  nat.  sise. 

4.  SquUla  Lewisii,  H.  Woodw.    From  the  Cretaceous  strata  of  Hakel,  in 

the  Lebanon,  Syria.  Enlarged  3  times.  (From  Prof.  E.  R.  Lewis's 
collection.) 

5.  SquUla  (Sculda)  pennata,  Miinst.,  sp.    Lithographic  stone,  Solenhofen« 

Bavaria.  (Original  in  the  British  Museum ;  part  of  Haberlein  coUee- 
tion.)     Enlarged  3  times. 

6.  Lmulus  wriacuSf  H.  Woodw.    Cretaceous,  H^el,  Syria  (collected  by 

Prof.  E.  R.  Lewis ;  now  in  the  British  Museum).    Keduced  to  about 
^th  nat.  size.    The  portion  cut  off  by  the  line  ee  \b  restored ;  the 
.  rest  is  preserred  as  an  impression  on  a  flat  slab  of  limestone. 

Dmcttssion. 

Eev.  P.  B.  Bbodib  stated  that  he  possessed  a  Squilla  from  tiie 
Lias. 

Dr.  WooDWABD  said  he  had  had  specimens  like  SqutUa  from  the 
Lias ;  but  they  were  only  the  yonng  of  Bryony  which  were  liable  to 
be  mistaken  for  SquiUa^  these  two  forms  having  much  in  conunon. 
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Quart.  Joum.  Geol.  Soc.  Vol.  XXXV.  PI  XXVI. 
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43.  On  the  EKBOTHioBoin  Ebptuja,  with  Evidence  of  the  Species 
Ehdothiodoh  uhiskribs,  Ow.  By  Professor  Owen,  C3.,  F.R.8., 
P.G.8.,  &0.    (Road  May  28, 1879.) 

[Plati  xxvn.] 

Ik  the  ^DescriptiTo  and  Illiistrated  Catalogae  of  the  Fossil  Bep- 
tilia  of  8oQth  Africa  in  the  Collection  of  the  British  Museum'*  a 
genus  Endothiodon  and  the  species  bathyetoma  were  founded  on  a 
portion  of  a  skull  and  of  amandible  from  ike  Trias  of  GK)uph f  (p.  66, 
pLi.  Ixvi.  Sa  Ixrii).  The  alveolar  border  of  the  upper  jaw  was  sub- 
trenchant^  with  a  caniniform  process  on  each  side,  as  in  Oudenodan. 
A  section  being  made  of  this  part,  there  was  exposed,  as  in  Oti- 
denodcn  magntu  (op.  dt.  p.  56,  pi.  liv.^  c'),  a  dose  osseous  tissue, 
without  trace  of  a  canine  or  of  a  socket  for  any  rudiment  or  germ  of 
tooth  (op.  dt.  p.  66,  pi.  IxtL,  c'  cf);  whence  I  inferred  that  such 
premazillo*maxillary  margin  might  have  been  sheathed,  as  in  Chelonia, 
with  horn.  The  opposing  outer  border  of  the  portion  of  the  man- 
dible presented  a  similar  toothless,  subtrenchant  character,  but  was 
extended  in  an  unusual  degree  internal  to  such  margin,  giving  great 
transverse  thickness  to  the  rami  £rom  the  symphysis  aa  far  bacbnrard 
as  the  dentary  element  was  preserved. 

On  the  palatal  surfeice  of  the  crushed  cranial  fragment  a  single 
median  palato-narial  aperture  was  exposed,  and  some  small  cylin- 
droid  teeth  appeared  to  be  scattered  in  two  or  more  rows  on  each 
side  of  the  palate  (ibid.  pi.  Ixvii.  figs.  1  &  4).  Sections  of  the  man- 
dible showed  that  such  teeth  had  been  opposed  by  similar  ones 
developed  in  the  thick  inner  border  internal  to  the  edentulous 
alveolar  margin. 

In  the  anterior  portion  of  a  mandible  of  the  same  spedes  of  En- 
dothiodon subsequently  discovered  at  "the  Kloof  under  the  "Nieu- 
woeldt  range"  of  the  'Gouph'  tract,  and  transmitted  by  Thomas 
Bain,  Esq.,  I  had  a  horizontal  section  made  of  the  right  dentary,  and 
exposed  three  series  of  teeth  or  portions  of  them,  affording  satisfac- 
tory confirmation  of  the  dental  diaracter  which  the  more  fragmen- 
tary fossil  previously  at  my  command  had  less  completely  indicated 
(op.  eit.  p.  66,  pi.  Ixvii.  figs.  2  &  6). 

In  the  section  figured  (PI.  XXVII.  fig.  1)  the  innermost  row  of 
mandibular  teeth,  eleven  in  number  (i-ii),  commences  I  inch  9  lines 
behind  the  foremost  part  preserved  of  the  symphysis  (the  apex  of 
which  is  wanting),  and  the  row  terminates  4  inches  from  that  part. 
The  form  of  each  tooth  is  subcircular,  the  diameter  varies  from  6  to 
4  millims. ;  the  hindmost  tooth  shows  the  smallest  size,  the  other  ten 

*  4to.l876. 

t  A  district  bounded  on  the  north  bj  the  Nieuwoeldt  plateau,  on  the  south 
by  Zwarte  Bay,  on  the  east  by  Beaufort  West,  and  on  the  west  by  Karoo 
Poort. 

Q.  J.  G.  8.  No.  140.  2q 
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are  subeqaal.  A  small  ptilp-caTity,  droular  in  transvene  section,  is 
exposed  in  each  tooth,  lai^r  in  the  first  than  in  the  rest.  The 
series  deviates  Tery  slightly  from  a  straight  line. 

The  second  row  (i -lo')  hegins  outside  of  and  opposite  to  the  in- 
terval between  the  eighth  and  ninth  teeth  of  the  inner  row.  Ten 
teeth  are  exposed,  in  section,  in  the  second  row,  which  extends  1 
inch  4  lines  behind  the  last  tooth  of  tlie  inner  row.  There  is  a 
fragment  of  what  seems  to  be  a  tooth  anterior  to  the  first  of  the 
second  row,  and  which  would  indicate  that^his  row  included  ^eren 
teeth  like  Uie  inner  row. 

The  foremost  evidence  of  a  tooth  of  the  outer  row  (i*~6*)  appears 
opposite  the  interval  between  the  second  and  third  of  the  middle 
row ;  it  is  represented  by  the  outer  half  of  the  shell  of  an  inoom* 
pletdy  calcified  crown.  It  is  succeeded  by  a  similar  evidence  of  the 
coronal  shell  of  a  second  tooth.  The  third,  opposite  the  interval 
between  the  fourth  and  fifth  of  the  middle  row,  shows  the  circular 
wall  of  the  crown  almost  complete.  The  fourth  and  fifth  teeth  are 
fragmentary.  The  sixth  tooth  outside  the  interval  between  the 
seventh  and  eighth  teeth  of  the  middle  row  shows  the  entire  section 
of  its  crown  with  a  less  wide  pulp-Cavity ;  it  had  been  cut  aiatiss 
nearer  the  apex.  A  seventh  tooth  of  the  outer  row  is  lesis  satisfac- 
torily seen,  and  there  are  feeble  Indications  of  an  eighth  tooth. 

Three  teeth  in  the  same  transverse  line  are  thus  ^own,  composed 
of  the  tenth  and  eleventh  of  the  inner  row,  the  third  and  fourth  of 
the  middle  row,  and  the  fiirst  and  second  of  the  outer  row.  The  best- 
shown  teeth  of  the  outer  row  have  the  same  shape  and  nearly  the 
same  size  as  the  others,  but  have  wider  pulp-cavities,  which  may 
indicate  either  that  they  have  been  out  across  nearer  their  base  or 
were  less  advanced  in  formaticm^ 

The  larger  portion  of  mandible  of  Endoihiodon  baihysUma  hers 
described  and  figured  closely  corresponds  in  size  and  ^ape  with  the 
similar  portion  originally  described  and  figured  (ojp.  cit,  pL  Ixvii. 
figs.  2-5).  In  both  the  apex  of  the  symphysis  has  oeen  broken  off; 
but  in  the  later-received  specimen  above  described  the  thick  alveolar 
border  of  the  right  dentary  had  undergone  less  damage  and  wss  con- 
sequently selected  for  the  section  figured.  That  of  the  left  dentaiy, 
though  more  abraded,  permits  eleven  teeth  of  the  middle  row  to  be 
traced,  the  series  commencing  a  little  in  advance  of  that  of  the 
right  side,  unless  the  fragmentary  indication  of  the  foremost  tooth 
t>f  that  side  be  rightly  interpreted. 

The  first,  second,  and  tmird  teetli  of  the  middle  h)W,  left  ramts, 
show,  in  section,  a  slightly  incurved  part  of  the  periphery  next  thd 
contiguous  tooth  of  the  inner  row,  sudi  as  one  mi^t  see  in  a  similaf 
transverse  section  of  the  deciduous  and  sucoessional  teeth  in  the 
alveoli  of  a  crocodile  i  but  in  such  section  the  old  toothy  the  com- 
pleted crown  of  which  was  being  pressed  upon  by  the  new  tooth, 
shows  a  more  solid  structure  with  minor  indications  of  apulp-cftvity. 
In  the  three  foremost  teeth  of  the  second  row  of  Ekdothidon  the 
pulp-cavity  is  as  large  as  in  the  three  hindmost  teeth  of  the  inner 
row,  and,  moreover,  the  teeth  of  the  middle  row  which  fdloW  and 
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seem  not  to  haye  a  parallel  oontinaation  backward  of  the  inner  row, 
are  drcular  in  section  and  have  not  been  indented  throngh  such 
relatiye  position.  Nor  is  that  position,  where  it  obtains,  such  as  to 
suggest  that  the  inner  row  could  push  out  the  teeth  outside  them. 
I  conclude,  therefore,  that  the  three  rows  of  psdatal  teethf  indicated 
in  the  type  examjje  of  Endothiodon  bathyitoma  were  normally 
opposed  by  three  rows  of  similarly  shaped  and  slightly  smaller  teeth 
of  the  lower  jaw. 

EkDOTHIODOK  UKIBEKIB8,  Ow. 

This  species  is  founded  upon  the  fore  half  of  a  skull  including 
nearly  the  same  parts  and  proportions  thereof  as  the  fossil  indicative 
of  the  genus  (op.  cit,  pi.  IxviL),  but  it  has  not  been  subject  to 
the  same  pressure  and  distortion.  It  is  of  smaller  size  and  differs 
more  markedly  in  having  but  a  single  row  of  teeth  on  each  side  of 
the  palate,  which  some  may  deem  to  justify  a  distinct  generic  appeU 
lation.  It  is,  however,  a  reptile  of  the  same  singular  and  well'* 
marked  type  as  is  exemplified  by  the  fossils  of  Endothiodon  haihy^ 
stoma.  As  in  that  species,  the  trenchant  alveolar  border  of  the 
npper  jaw  commences  with  a  caniniform  process  (PI.  XXVII.  fig« 
2,  c),  to  the  fore  and  inner  part  of  which  ^e  premazillary  (ib.  at*) 
contributes  a  larger  share  than  is  indicated  by  the  suture  shown  in 
the  section  of  tlds  quasi-canine  in  Endothiodon  haihygtoma  (op.  oit* 
pi.  Ixvii.  fig.  6). 

Of  this  process  on  the  right  side  of  the  present  speciee  I  also 
made  a  transverse  section  (fig.  3,  si*,  sa**),  and  exposed  only  the 
osseous  tissue,  of  whidi  the  outer  part  was  of  almost  dentinal  hard- 
ness, and  the  inner  part  dosely  or  minutely  cancellous.  This  pre* 
cess,  howsoever  covered  in  the  recent  reptile,  would  be  used  as  a 
dental  weapon,  and  have  the  same  title  to  be  called  'tooth'  as  that 
part  in  the  beak  of  the  Falcon. 

The  trenchant  border  of  the  maxillary,  continued  from  the  pro- 
portion which  it  contributes  (figs.  2  &  3,  si*)  to  the  caniniform 
process,  describes  a  slight  curve  convex  downward,  concave  out* 
ward,  and  gradually  gains  in  thickness — though  this  may  be  partly 
due  to  abrasion  of  the  original  margin,  which  at  the  hinder  third  oi 
both  right  and  left  maxillary  exposee  l^e  same  dense  texture  as  in 
the  caniniform  process. 

The  premaxillary  contributes  the  anterior  third  of  the  outer  and 
the  whole  of  the  inner  half  of  this  process  (^.  3,  «**),  being 
.  continued  backward  along  the  inside  of  the  maxillary  portion  (ib. 
ai**).  The  suture  exposed  in  the  section  (fig.  3,  between  ai*  &  aa*) 
extends  upon  the  palatal  surface  of  the  skull  along  the  fore  border 
of  the  maxillary,  ai',  and  palatine,  ao',  plates  in  a  sigmoid  course 
curving  backward  to  the  fore  part  of  the  vomer,  is.  The  premaxillor 
vomerine  suture  is  shown  at  la',  fig.  3,  PI.  XXVII.  The  interpret 
maxillary  suture  is  obliterated,  and  the  confluent  pair  of  bones  con* 

t  Hie  ptdp-oavity  exposed  by  section  of  the  palatal  teetb,  in  the  multiserial 
amogement,  thows  a  Inight  red  Unt,  indloatire  of  the  ferroffinotu  oolouring- 
matter  of  the  blood,  in  the  type  specimen  of  Endotkiodon  bath^stomOi 
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tribate  to  fbrm  tho  roof  of  a  large,  deep,  and  smooth  depreamon 
(ib.  n")  at  the  fore  part  of  the  palate.  This  depression  is  bonnded 
laterally  by  the  oaniniform  processes  and  anteriorly  by  the  deflected 
fore  end  of  the  beak-shaped  premaxillary.  It  has  not  the  pair  of 
longitadinal  ridges  at  the  fore  part  as  in  Dicynodon  (op.  cit.  p.  46, 
pi.  xxzix.  aa',  ^  zliv.  fig.  2,  22*),  and  in  this  respect  resembles 
Oudenodon  (op.  cit  pL  IvL  fig.  2, 33) ;  bat  Endaihiodon  musmet,  like 
E,  hathystoma,  repeats  the  same  palatal  character  as  in  both  thoee 
Anomodonts,  in  &e  yaolt-like  expanse  of  the  fore  part  of  the  roof 
of  the  month  t. 

From  the  hind  part  of  the  concavity  the  conflnent  premaxillaries 
are  continued  backward  as  a  narrow  process,  conyez  lengthwise 
and  across,  perforated  by  a  premaxillary  slit  (ib.  ib.  ap)  and  ter- 
minating pointedly  between  the  parial  vomerine  plates  (ib.  is,  u). 

The  nostrils  (figs.  2  &  5,  n  n)  are  divided  anteriorly  by  the 
deflected  fore  part  of  their  roof,  the  fore  end  of  which  is  broken  off^ 
showing  the  thickness  of  the  nasal  septum  at  that  part  (PL  XXVUL 
fig.5,»«).  Each  nostril  has  a  trilobed  shape ;  the  fore  lobe  is  defined 
from  the  hind  one  by  the  deflected  fore  part  of  an  antero-posteriody 
extended  large  and  massive  nasal  bone  (figs.  2,  4,  5,  is).  The  third 
smaller  and  lower  lobe  of  the  nostril  extends  between  the  premax- 
illary (fig.  2,  sa*)  and  maxillary  (ib.  31*)  into  the  base  of  the  ca- 
niniform  process.  The  antero-posterior  extent  of  the  nostril  is 
1  inch  6  lines,  the  vertical  diameter  is  8  lines.  It  markedly  diffen 
in  shape,  and  independently  of  distortion,  from  that  of  the  noetril 
of  Endoihiodon  haihystoma  (op.  cit.  pL  Ixvi.,  n),  in  which,  however, 
the  same  extension  of  the  cavity  into  the  premaxillo-maxillary  d^ 
at  the  base  of  the  caninif orm  process  is  shown.  The  suture  between 
the  maxillary  (31)  and  the  nasal  (is)  has  the  same  course  in  Endothi' 
odon  uniseries  as  in  Endoihiodon  bathystoma. 

The  resemblance  of  the  outer  nostnl  to  that  in  Oiutenodon  magnui 
(op.  dt.  pL  liv.)  may  be  noted,  in  which  a  hinder  lobe  or  division 
of  that  orifice  is  indicated  by  a  prominence  of  the  upper  border,  due 
apparently  to  a  similar  forward  extension  and  descent  of  the  nasal 
bone.  The  lower  border  of  the  nostril  is  also  notched  where  it  is 
continued  into  the  promaxillo-maxillary  suture  (see  also  Oudenodm 
Bainii,  op.  cit.  pi.  Ix.  fig.  1,  n) ;  but  tins  is  more  in  advance  of  the 
caniniform  process  in  Oudenodon  than  in  Endoihiodon. 

The  nasals  (15)  are  sepiEU'ated  from  each  other,  as  in  most  Birds, 
by  the  backward  extension  to  the  frontab  (11)  of  a  long  and  stnmg 
nasal  or  fadal  production  of  the  premaxillary  (fig.  4,  mi).  The  trans- 
verse convexity  and  longitudined  deflection  of  this  part  of  the  pre- 
maxillary is  as  well  marked  in  the  smaller  as  in  the  laigor  spedee, 
and  recdled  the  proportions  of  the  same  bone  in  Jptomu  otidi^ 
formist* 

t  The  roof  of  the  oorresponding  paktal  concayitr  in  Dinomis  robusim  ahowt 
a  single  median  ridge  (' Extinct  Birds  of  Nevr  Zealand/  4to,  toI.  ii  pL  Ixr. 
^g- 1,  aa). 

X  Memoirs  on  the  Extinct  Wingless  Birds  of  New  Zealand,  4to,  toL  ii. 
pL  zUii.  figs.  1  and  2. 
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The  median  line  of  the  palate,  in  Endothiodon  umserieSy  describes 
a  strong  sigmoid  curve,  concave  downward  at  its  anterior  half,  convex 
at  its  middle  to  where  the  vomerine  plates  (is)  pass  into  the  palate- 
naris  (p  n,  fig.  3).  This  aperture  is  single,  pyriform,  about  an  inch 
broad  at  the  part  preserved  where  &e  skull  has  been  broken 
across.  The  narrower  fore  part  is  partially  divided  by  the  vomer 
(ib.  is),  which  sinks  into  the  opening  as  the  palate  is  viewed  from 
the  basal  aspect  shown  in  fig.  3 ;  and  there  the  two  thin  vertical 
lamellae  divide  the  nasal  passages.  The  common  hinder  aperture 
beyond  is  bounded  laterally  by  the  thick  and  deep  pterygoids  (24). 
The  vomerine  lamellae,  as  they  emerge  at  the  fore  and  narrow  part 
of  the  palato-naris,  become  thickened,  with  smoothly  rounded  palatal 
margins,  and  are  divided  by  sutures  from  the  intervening  perforated 
palatal  process  (ap)  of  the  premaxillary. 

The  pterygoidean  side  walls  of  the  palato-naris  (ib.  24),  smoothly 
concave  mesmUy,  swell  out  upon  the  palatal  surface  into  irregularly 
convex  tracts,  1  inch  4  lines  in  length,  7  lines  in  breadth  posteriorly, 
and  gradually  narrowing  to  a  point  anteriorly,  these  pointed  ends 
being  divided  from  the  bilamellar  vomer  by  fissures  (ib.  /)  conduct- 
ing to  the  palato-naris.  The  pterygoids  are  divided  by  a  groove 
from  the  pcdatal  bones  (ib.  so),  supporting  the  single  row  of  palatal 
teeth. 

These  teeth  are  nine  in  number  on  each  side,  disposed  lengthwise 
in  a  alight  curve  concave  outwards  and  parallel  wiih.  that  curvature 
of  the  alveolar  border  of  the  maxillary  (ib.  21) ;  from  which  border 
each  tooth-series  is  separated  by  a  shallow  groove,  4  or  5  lines 
in  width,  along  which  extends  the  suture,  of  which  the  fore 
part  is  seen  between  21'  and  20',  ^g.  8.  The  teeth,  which  are  all  seen 
in  transverse  fracture,  the  crown-summits  having  been  broken 
away,  are  subcylindrical  in  shape,  composed  of  hard  dentine,  and 
without  any  exposure  of  a  piUp-cavity  at  the  line  of  fracture, 
which  is  nearly  on  a  level  with  the  supporting  bone.  The  teeth  are 
of  equal  or  dmost  equal  size,  6  to  7  millims.  in  diameter;  the 
length  of  each  series  is  2  inches  4  lines.  It  is  to  be  presumed 
that  they  were  opposed  by  a  similar  single  series  on  an  answerable 
part  of  a  broad  upper  surface  of  the  dentary  element  of  the 
mandible,  since  the  number  of  palatal  teeth,  somewhat  confusedly 
distributed  in  the  type  specimen  of  K  bathystoma,  indicates  an 
arrangement  in  three  longitudinal  rows,  as  in  the  lower  jaw,  PL 
XXVn.  fig.  1. 

The  orbit  in  Endoihiodon  unueries  (fig.  2,  0)  is  somewhat  nar- 
row vertically  at  the  fore  part  and  gradually  widens,  as  far  as  its 
bony  boundaries  have  been  preserved,  the  lower  one  having  been 
broken  across  at  2  inches  distance  from  the  fore  part  of  the  orbit, 
the  upper  one  about  1|  inch  from  the  same  part.  The  lower 
boundary  extends  outwards,  and  the  fracture  has  taken  place  at  the 
beginning  of  the  zygomatic  arch  which  supports  a  part  of  the 
malar  (ib.  26).  The  upper  boundary  terminates  behind  in  tho 
fractured  surfSaoe  of  a  tuberous  and  slightly  deflected  postfrontal,  12. 
Whether  this  was  continued  downward,  as  in  Oudenodon  (op.  dt. 
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pL  Ix,  fig.  8),  remaius  to  bo  detonamed  by  more  perfbot  fpeoimflDs  d 
IkuMhiodon. 

The  hind  portion  of  thebrokon  q^ooimen  of  Endothiodon  wMeria 
indndee  the  fore  part  of  the  temporal  fossa  (fig.  2, 0-  ^^  rhinen^ 
oephalic  oanal  (fig.  3«  rh,\  6  lines  in  width,  3  lines  in  height,  is 
exposed  at  the  fraotore  in  advance  of  the  prosencephalio  cavity;  iti 
fractured  roof  includes  a  vertical  thickness  of  more  than  an  iach  d 
solid  bone.  Density  and  massiveness  are  eminent  characteriBtioi 
of  the  skull  of  the  present  Triassic  reptile.  The  upper  suifsoe 
anterior  to  the  temporal  foss®  is  boldly  and  irregularly  soulptored. 
The  convex  nasal  process  of  the  furemaxUlary  (fig.  4,  »'),  with  the 
anterior  ends  of  the  frontals  (ii)  interwedged,  is  divided  by  laigs 
and  deep  channels  from  the  elongate  similarly  convex  and  ragom 
nasals,  is,  and  prefrontals,  14,  which  augment  the  breadth  of  the 
cranio-facial  platform.  The  prefhmtal,  14,  develope  a  roughened 
boss  at  the  fore  part  of  the  orbit,  anterior  to  which  boss  openi  t 
large  pseudo»narial  foramen  (fig.  2,  a),  the  homologue  of  that  which, 
in  TeUoiaurtu*,  also  coexists  with  a  true  external  nostriL 

The  postfrontal,  la,  develops  a  similar  boss,  and  the  lower  iater* 
mediate  part  of  the  npper  bolder  of  the  orbit  may  be  ocmtributed  hf 
either  a  superorbital  bone  or  by  an  outward  extension  of  the  firontal, 
11'. 

The  numerous  fissures  and  irregular  indentations  over  the  tuberow 
and  wrinkled  upper  surfeu^e  of  the  skuU  raider  the  determination  of 
sutures  between  the  frontals  and  superorbitals  more  or  less  ambi- 
guous; but  the  example  of  Oudmodon  Qreyi  (op.  oit.  pL  bdL 
fig*  2,  11),  in  which  the  mid  frontals  are  plainly  divided  by  a  sutoxe 
from  a  narrow  superorbital  bone,  weighs  towards  the  belief  of  t 
similar  ossicle,  as  marked  at  11'  in  fig.  4,  PL  XXVII.,  oompletiDg  the 
npper  rim  of  t^e  orbit,  on  a  lower  level  than  the  proband  postfrontalif 
in  Endothiodon  ttniseries, 

I  come  now  to  the  question  of  the  additional  light  thrown  by  the 
skull  of  this  species  on  the  affinities  of  the  genus  in  the  Beptilian 
dass.  Amongst  the  cranial  oharaoters  of  the  order  AnomodontiA  en 
the  following : — Premaxillaries  confluent,  forming  a  single  edentii- 
lous  beak-shaped  bone,  sending  upward  and  badn^ard  a  *  nasal  pro- 
cess,' and  forming  below  the  roof  of  an  anterior  palatal  vault,  froo 
which  roof  a  process  is  continued  backward  to  tiie  vom^.'  '  The 
nasal  bones  more  or  less  divided  by  interposition  of  the  nasal  prooen 
on  the  premaxillary 'f.  Vomer  consisting  of  a  pair  of  vertical 
lamelled  contributing  little  to  the  bony  roof  of  the  mouth,  dividing 
the  narial  passages  at  some  distance  from  the  wide  and  sing^ 
palato-naris  or  posterior  nostril,'^ 

In  these  characters  Endothiodon  agrees  with  the  Anomodontia  and, 

«  *  Hist,  of  Brit.  Foes.  Beptilea,'  pari  iii  (Qrooodilia.  pi.  i.  fig.  2,  a). 

t  The  futures  demonstrating  this  character  are  weli  shown  in  the  skull  « 
Ph/choffnathua  dwlivU  (Foss.  Bept  8.  Afr.  pL  xlv.  figs.  2, 15,  &  22).  The  divided 
oondition  of  the  nasals  and  their  relation  to  the  outer  nostrils  repeat,  in  Bird^^ 
structure  here  shown  in  Anomodonta.  See  Dmofms  robugtua,  *  Wingless  Birds 
of  New  Zealand/  pL  bdy.  figs.  2,  1(h  22  ^  and  JpUnm,  pL  hsdii.  figs,  15*^ 
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in  that  tuieat,  roBemblB9  the  OndaaodontB  in  the  absence  of  the  parial 
ridges  projecting  from  the  fore  part  of  tiie  roof  of  the  premaxiUary 
^datine  vanlt;  also  in  the  presence  of  a  eaninifi>nn  process  on  each 
side  of  the  alveolar  bordttP  d  the  npper  jaw,  and  in  the  tuberoos  pro- 
minence of  the  nasal  bones  abore  the  nostrils — ^a  character  whidi  is 
present  in  Ouden(Hionproanaihu8(U>m.dt.'p^ 
narial  taborositj  is  reUtivelj  large,"  p.  50),  In  Oud^wdon  magnus 
also  "  a  low  protuberance  of  the  nasal  (pL  liv,,  is)  oyerhangs  part 
of  the  nostrU "  (p.  56).  The  anteriorly  contracted  orbit,  in  the 
vertical  direction,  notable  ki  both  species  of  Bndoihiodon^  is  charac* 
teristic  also  of  Oudtnodon  prognathus  (torn.  cit.  pi.  Ld.  fig.  1,  o). 

In  both  species  of  Ehdoihiodon  the  sknll  i»  relatively  more  pro- 
duced anterior  to  the  erbits  than  in  most  other  Anomodonts :  the 
nostrils  are  more  advanced,  and  both  the  premaxiUary  and  the  maxil- 
lary bones  contribute  to  the  formation  of  the  caniniform  process. 
In  connexion  with  this  difference  we  find  a  greater  relative  antero- 
posterior extent  of  the  nasal  bones,  and  the  oconrrence  of  a  pseudo- 
narial  opening  betwe^i  the  nasal  and  post&ontal  bones, 

Dieynodon^  the  type  of  the  order  Anomodontia,  shows  a  marked 
modification  of  the  reptilian  structure  in  the  reduction  of  the  dental 
system  to  the  single  pair  of  upper  canines.  In  Oudmodon  this 
modification  is  carried  to  the  Chelonian  extreme  of  an  entire  loss  of 
teeth ;  but  the  cranial  characters  are  Anomodont,  not  Chelonian* 

Both  OucUnodan  and  EndoHiiodon  indicate  a  derivation  firom 
Dicynodon  by  the  caniniform  processes  of  the  upper  jaw,  although, 
all  trace  of  tooth  and  socket  is  obliterated  in  the  numerous  specimens 
which  X  have  subjected  to  examination.  The  combination  of  two 
bones  in  the  formation  of  tiiis  process  in  Endothiodon  is  signifi* 
cant  of  its  original  edentulous  conditicm  in  that  genus,  especially  as 


gie  premaxiUary  constitutes  the  larger  proportion  of  the  process* 

iUary. 
With  the  above-cited  evidence  of  adherence  to  the  Anomodont 


In  Oudenodon  the  process  is  exdusivdy  formed  by  the  maxil 


type  of  reptilian  skull,  I  regard  the  development  of  teeth  internal  to 
the  alveolar  margins  of  boti^  upper  and  lower  jaws  as  a  character  of 
family  value  in  i^e  order.  The  single  row  of  palatal  teeth  in  Endo^ 
ihiodon  uniseries  recalls  the  outer  row  of  small  teeth  in  Plaoodus 
gigas^  Agassiz,  and  Flacodua  Andriani,  Munster.  The  development 
of  the  premasdllaries  along  the  upper  and  fore  part  of  the  skull  and 
the  position  of  the  nostrils  are  also  resemblances  of  the  anomalous 
Huschelkalk  reptile  to  the  Anomodonts  of  the  Cape  Trias.  The 
dental  characteristics  of  Endothiodon,  as  of  Plaeodus,  doubtless  related 
to  the  crushing  for  food  of  contemporary  testaceous  and  crustaceous 
Invertebrates. 

Tlie  palatal  teeth  in  Batrachiderpeton  lineatum^  Hancock  and 
Atthey,  closely  resemble  in  size  and  disposition  those  of  Endothiodon 
uniseriea ;  but  in  the  Labyrinthodont  6om  the  Coal-shale  they  are 
associated  with  both  premaxiUary  and  vomerine  teeth*.  It  is 
interesting  to  trace,  however,  the  continuance  of  a  common  ichthyio 

*  *  Natural  History  TraiiBactions  of  Northumberland  and  Dorhaxn,'  toI.  It. 
plate  iv.  fig.  2,  t. 
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and  batracbial  dental  character  cropping  np,  so  to  speak,  in  ezoep- 
iional  cases  of  Beptilia,  rising  toward  the  establishment  of  the 
crocodilian  type,  above  which  group  of  advanced  Beptilia  caldfied 
palatal  teeth  no  longer  appear  in  the  vertebrate  series. 


EXPLANATION  OF  PLATE  XXVIL 

Pig.  1.  Section  of  part  of  right  mandibular  ramus,  ezpoaing  the  three  rows  of 
teeth,  EndotkiodonbatkyMtoma, 

2.  Side  Tiew  of  fore  part  of  skull,  BkMhiod<m  mtiterist, . 

3.  Under  Tiew  of  the  same. 

4.  Upper  Tiew  of  the  same  (one  half  nat.  size). 

5.  Front  Tiew  of  the  same  (ib,), 

(All  the  other  figures  are  of  the  natural  size.) 

Discussion. 

Prof.  Seelet  inquired  whether  Prof.  Owen  had  examined  into  the 
resemblances  between  Endothiodon  and  those  Enropean  Mnschelkalk 
reptiles  which  form  the  genns  Placodus.  The  superficial  resem- 
blance was  the  more  suggestive  since  animals  closely  allied  to  the 
South-African  Anomodonts  had  already  been  described  from  Per- 
mian rocks  in  Eussia.  He  also  inquired  as  to  the  nature  of  the  cra- 
nial characters  which  led  the  author  to  class  the  Endothiodont  group 
rather  v«ith  the  Anomodonts  than  with  those  animals  which  Prof. 
Owen  had  called  Theriodontia. 

Prof.  Owen  replied  that  the  great  point  of  distinction  between  the 
Theriodontia  and  Anomodontia  was  that  in' the  former  the  teeth  are 
developed  on  the  alveolar  border  of  the  jaws;  not  on  the  palate.  In 
Endothiodon  the  teeth  are  palatal,  and,  as  in  Oudenodon^  there  are 
no  teeth  on  the  margin  of  the  upper  jaw.  Other  secondary  points 
of  distinction  also  go  with  these. 
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44.  DsscBiFnoK  of  ihe  Specisb  of  the  Ostracodous  Genus  Bairdia, 
M^Coy^from  the  Carbonifbroto  8iraia.  0/ Great  Britaik.  By 
Professor  T.  Bupbrt  Jokes,  E.R.8.,  F.G.S.,  and  James  W, 
Ktbkbt,  Esq.    (Read  May  28, 1879.) 

[Blatm*  xxvnL-xxxn.] 

The  genus  Bairdia  was  instituted  by  Professor  M'Coy,  in  1844,  for 
the  reception  of  two  species  of  Entomostraca  from  the  Carboniferous 
Limestone  of  Ireland.  Since  then  other  species  belonging  to  the 
same  genus  have  been  described  from  the  rocks  of  the  same  age 
occurring  in  Scotland,  Bohemia,  Russia,  and  Australia ;  and  many 
species  have  been  made  known  from  the  Silurian,  Permian,  Triassic, 
Jurassic,  Cretaceous,  and  Tertiary  strata,  as  well  as  from  existing 
British  and  foreign  seas. 

The  recent  forms  of  Bairdia  are  all  marine,  and  are  found  at 
various  depths,  ranging  from  10  to  500  fathoms ;  and  the  Carboni- 
ferous species  (and  those  found  in  other  formations)  occur  in  lime- 
stones, and  calcareous  ironstones  and  shales,  together  with  Corals, 
Crinoids,  Polyzoa,  and  marine  Shells  of  all  classes. 

Bairdia^  in  fact,  is  exceptionally  marine  in  its  mode  of  occurrence 
in  Carboniferous  strata.  Other  marine  genera  of  Palaeozoic  Ento- 
mostraca often  have  some  stray  species  occurring  with  equivocal 
associates.  Leperditia,  for  example,  which  is  a  markedly  marine 
genus,  has  one  representative,  L.  scotohurdigalensiSy  met  with  as  a 
very  common  fossil  in  the  Caldferous- Sandstone  series  of  the  east 
of  Scotland,  where  it  repeatedly  occurs  with  the  remains  of  Lepi- 
dodendron,  Sphenopteris,  and  Ganoid  Eishes.  Beyrichia^  another 
marine  group,  has  B,  arcuata  as  a  Coal-measure  spedes,  occurring 
with  Plants,  Eishes,  and  other  fossils  characteristic  of  that  forma- 
tion, but  of  dubious  habitat  And  so  with  Kirkhya^  all  the  species 
of  which  are  marine,  though  at  times  two  of  them,  K.  plicata  and 
JST.  spiralis,  appear  in  Lower-Carboniferous  strata  with  Sphenopteris 
affinis^  L^dodendron,  and  Stigmaria, 

We  do  not  say  that  such  doubtftd  companions  indicate  purely  fresh- 
water habits  on  the  part  of  these  Entomostraca,  though  such  occur- 
rences must  mean  differences  in  physical  conditions  compared  with 
those  prevailing  during  the  formation  of  the  limestones  and  other 
calcareous  beds  in  which  the  speciea  of  these  genera  are  usually  found. 
Among  the  Bairdias  we  know  of  no  such  exceptions  to  the  rule ; 
they  never  occur  with  Eish-  or  Plant-remains.  In  the  thin  lime- 
stones intercalated  in  the  thick  Calciferous-Sandstone  series  of  Eif e- 
ahire  B,  plebeia^  B,  Hisingeri,  and  Leperditia  scotoburdigalensia  occur, 
with  OrthoeeraSy  Murchisonia^  Schizodus^  and  other  marine  shells; 
Imt  the  BairdicB  always  disappear,  as  well  as  the  MoUusoa,  in  the 

*  The  cott  of  lithographing  these  Flatee  has  been  deteyed  by  s  grant  from 
the  Boyal  Society. 
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interme^ate  beds,  tihongh  L,  9cotobiwrdigaUnM  continues  on  in  the 
shales  and  ironstones,  where  Plant-  and  fish-remains  come  in  as 
common  fossils.  We  maj  here  mention  that  six  or  seven  specie  of 
the  Ostracodous  genns  Oarbonia  *,  with  yarieties,  appear  to  have  been 
constant  inhabitants  of  the  fireshwater  or  brackish  lagoons  and  shal- 
low shore-waters  where  the  Biitish  Coal-measnres  were  formed ;  and 
they  have  not  been  found  in  apy  mariw  stratum  of  the  Cartoni- 
ferous  series. 

The  Bairdia  which  we  have  to  describe  in  this  paper  include  all 
ihat  are  known  from  British  Oarboniferous  strata.  They  are  from  tlie 
Upper  and  Lower  divisions  of  the  Carbonifsrous-Iamestone  series  and 
ihe  Galcif erous-8andstone  series  of  Scotland,  from  the  Yoredale  Bocks 
and  Scar  Limestone  of  the  Nortiiem  Connies  of  England,  and  from 
the  Carboniferous  Limestone  of  Wales  and  the  West  of  England. 
The  lowest  portion  of  the  series  where  they  have  been  seen  is 
probably  -the  Calciferous  Sandstone  of  Fife,  where  B.  pUheia^  A 
nitida^  and  B.  iUiqmides  are  found  from  3000  to  3800  &et  below  the 
base  of  the  Carboniferous-Limestone  series.  The  highest  positicm  in 
which  Carboniferous  Bairdiat  have  been  found  in  Scotland  is  in  the 
upper  division  of  the  Carboniferous  Limestone ;  and  in  England  they 
occur  in  a  somewhat  equivalent  position  in  tiie  upper  beds  of  the 
Yoredale  Eocks.  Though  we  have  no  specimens  from  the  Millstone- 
grit  or  the  Coal-measures,  it  is  evident  that  several  of  the  species 
continued  to  exist,  in  other  areas,  during  the  deposition  of  these 
Upper  Carboniferous  strata,  for  they  reappear  in  abundanoe  in  the 
Permian  rocks  of  Durham  and  Yorkshire  and  of  Germany. 

It  should  be  mentioned  that  we  are  largely  indebted  to  Mr.  John 
Young,  of  Glasgow,  for  specimens  and  for  information  as  to  dis- 
tribution ;  also  to  Messrs.  James  Thomson,  James  Armstrong,  and 
David  Eobertson,  of  the  same  city ;  to  Mr.  J.  E.  J.  Hunter,  of 
Braidwood  ;  to  Mr.  E.  Etheridge,  Jun.,  formerly  of  the  Geoli^^cal 
Survey  of  Scotland,  now  of  the  British  Museum;  to  Mr.  Charles 
Moore,  of  Bath,  Dr.  H.  B.  Holl,  and  others.  Our  examination  of 
hundreds  of  specimens  belonging  to  the  Geological  Survey  of  Scot- 
land has  greatly  enlsiged  our  knowledge  of  these  Entomostraca. 

Baikdia,  M^Coy. 

Professor  MKby  bri^^[described  tiie  genus  as : — **  Shell  dongate, 
fdsiform,  suddenly  tapenng  at  both  ends  ;  a  very  short  proportion  ol 
the  valve  overlaps  the  abdominal  margin.^ 

The  generic  characters  have  been  more  fully  noticed  by  one  of  us 
in  a  '  Monograph  of  the  Entomostraca  of  the  Cretaceous  Forma- 
tion,' 1849,  p.  22,  and  in  a  paper  on  *^  Permian  Entomoatrac* 
from  Durham,'*  *  Trans.  TVneside  Field-Club,'  vd.  iv.  1859,  p.  139. 
More  recently  Prof.  G.  S.  Brady  has  given  an  account  of  the  genos, 
from  a  stud^  of  the  recent  species,  in  the  *  Transactions  of  the 
Linnean  Society/  vol.  xxvi.  p.  388,  and  the  'Transactions  of  the 
Zoological  Society/  voL  x.  p.  383. 

*  See  Ann.  &  Mag.  Nat.  Hi»t.  ser.  6,  toL  iii.  p.  28,  pis.  u.  4  iii. 
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The  Carbonileraiis  (and  Fennian)  fonas  are,  like  many  others, 
usually  moze  or  leas  sabdeltoidal  in  the  general  ihape  of  the  carapace, 
iriih  the  posterior  end  the  smallest,  and  often  pointed  or  rostrate. 
Other  forms  are  subeylindrical,  and  others  subovate,  in  outline. 
The  left  Talye  always  orerlaps  the  right  dong  both  margins,  but 
most  stron^y  and  regularly  on  the  dorsal  margin.  The  surface  is 
usually  smooth,  though  occasionally  pitted.  In  some  examples  the 
muscle-spot  is  seen ;  it  consists  of  a  congeries  of  small  raised  spots 
(seen  as  depressions  on  the  internal  oasts)|  eircidarly  arranged 
iritbin  a  fiiintly  sunken  area. 

1.  Baibdll  oussa,  ICCoy.    Plate  XXVIII.  flgi.  1*8. 

Bairdia  eurtua  (only  partly  exposed  in  its  matrix  *),  U^Coy,  1844, 
Synopsis  Carboniferous  Limestone  Fossils  of  Ireland,  p.  164,  pi.  xxiii. 
fig.  6. 

Oythari  (Bairdia)  curia,  Jones,  1849,  in  King's  Monograph  of 
Permian  Fossils,  p.  61,  pi.  xriii.  fig.  3. 

Bairdia  curia  (fireed  from  its  matrix),  Jones,  1870,  Monthly  Micro- 
Boopical  Journal,  vol.  iy.  p.  185,  pi.  Ixi.  fig.  1. 

After  some  oscillation  of  opinion,  we  think  it  best  to  look  upon 
J?,  curia  as  distinct  from  B.pUbcia*  We  discussed  this  question  in 
1859,  when  describing  some  Permian  Bairdia  t ;  and  we  returned 
to  it  in  1866,  when  we  were  inclined  to  look  upon  the  two  forms  as 
belonging  to  one  species  {•  But  after  further  examination,  with 
the  help  of  additional  material,  it  appears  to  be  Uait  objectionable  to 
oonsider  those  specimens  which  have  the  anterior  extremity  angu- 
lated  aboye  as  belonging  to  B,  curia,  and  the  specimens  with  the 
same  extremity  rounded  both  aboye  and  below  as  belonging  to 
B.  pUbeia*  In  coming  to  this  decision  we  are  aware  that  the  most 
is  made  of  small  differences,  and  that  the  existence  of  intermediate 
forms  is  in  a  measure  ignored.  But  this  is  only  what  we  haye  had 
to  do  in  studying  the  Carboniferous  Bairdias  generally,  and  to  some 
extent  among  the  Ostracoda  from  other  formations.  The  longer 
we  inyestigate,  and  the  more  specimens  we  examine,  the  greater 
difficulty  do  we  find  in  grouping  the  yarious  forms  and  yarieties  into 
species.  Doubtless  had  we  the  animal,  as  well  as  the  carapace  that 
enclosed  it,  to  assist  us  in  determining  the  spedes,  important  differ* 
ences  might  be  seen,  which  are  only  hinted  at  in  the  materials  pre- 
seryed  to  us  §.  And  this  possibility  has  been  allowed  to  have  some 
weight  in  the  presebt  instance  as  well  as  in  otheis.  We  describe 
the  spedes  under  notice  as  follows  :^— 

♦  See*TranBaot.TyneeidoPield-Olub/ToL  ir.  p.  151;  and  Ann.  &Mag.N.  F. 
ser.  3,  ToL  zriii.  p.  42. 
t  Trent.  Tynedde  fleid-dnb,  1859^  roL  iv.  p.  160. 

{Ann.  ft  Mag.  Nat  Hut  1806,  ser.  8,  toI.  zvUL  p.  42. 
Not  only  ipeoific,  but  eren  generic  differenoes  would  probably  be  shown 
hy  the  soft  parte,  were  they  preaerred.  Garapaoes  which  we  are  obliged  to 
refer  to  the  one  genus,  Bairdia^  may  posaiblj  belone  to  such  different  e;roup9 
as  Bythocythert,  Macrocypris,  Paracypris,  and  Cytherura,  as  defined  by  tne 
resayches  of  G.  8.  Bredy,  Q,  O,  3arB,  and  others. 
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Carapace  elongatdy  subdeltoid  in  outline;  length  in  type  spe- 
cimen less  than  two  and  a  half  times  the  height,  in  others  con- 
siderably more  than  that.  Dorsal  border  arched  (in  some  ezampks 
flatly  so)y  with  both  slopes  slightly  concaye ;  yentxal  border  strai^t 
or  faintly  incurved.  Anterior  extremity  broad,  rounded  below,  and 
angulate  aboTe ;  posterior  extremity  pix)duced  and  rostrated.  Left 
valve  overlaps  the  right  moderately  on  both  borders.  Surface 
smooth.    Length  ^  to  j^  inch. 

Eig.  1  represents  Sir  ±t.  Griffith's  original  specimen  (oleared  from 
the  matrix),  from  which  Prof.  M'Coy  described  the  species,  fig-  3 
is  from  a  very  beautiful  example  in  the  collection  of  Mr.  John 
Young.  Both  it  and  fig.  6  are  relatively  longer,  flatter  in  the  arch- 
ing of  the  dorsal  border,  and  with  a  more  broadly  rostrated  anterior 
end  than  the  type  specimen.  Tig.  5  represents  a  right  valve  which 
is  included  in  this  species  with  some  doubt.  The  posterior  extremity 
is  less  elevated  than  in  other  specimens,  and  is  acutely  pointea 
rather  than  rostrated,  and  it  has  a  straight  slope  on  ^e  hinder 
third  of  the  dorsal  border.  Still  the  specimen  has  more  the  cha- 
racter of  curta  than  of  any  other  species ;  wo  refer  to  it  as  B.  curUh 
var.  terebraf  and  notice  that  it  is  near  the  Permian  B,  rJumboidtd^ 
Kirkby,  Trans.  Tynesido  N.  F.-Club,  1859,  vol.  iv.  pp.  147  &  149. 

Pig.  7  represents  a  variety  which  we  name  hicomis.  Its  dorsal 
border  is  elevated  and  flat  iu  the  middle  region,  with  deeply  exca- 
vated anterior  and  posterior  slopes,  both  of  which  curve  upward  to 
form  acutely  angular  extremities.  The  extremities  make  two  strong 
oonvex  curves,  meeting  at  the  middle  of  the  ventral  border,  which 
is  thus  sinuated  and  incurved  at  the  centre ;  it  is  rather  more  pro- 
tuberant anteriorly  than  behind.  The  anterior  extremity  is  thos 
broad  and  trenchant,  and  the  posterior  acutely  and  obliquely 
rostrated.  The  central  portion  of  the  valves  idses  abruptly  firom 
the  regions  adjoining  the  ventral  border  and  the  ends,  which  aro 
compressed,  ^e  lateral  outline  of  the  carapace  resembles  the  shape 
of  a  Scythian  bow. 

Fig.  8,  var.  deformis,  is  from  an  example  from  Steeraway,  Salop, 
that  has  much  in  common  with  the  one  just  noticed ;  but  the  slopes 
of  its  dorsal  margin  do  not  curve  upward  to  acute  points  as  in  fig.  7, 
and  the  anterior  third  of  the  carapace  is  much  more  protuberant 
ventrally.    In  Mr.  Charles  Moore's  collection. 

Localities  of  Bairdia  curta. 

In  England*  Carboniferous  Limestone :  Wyeboume,  Cumberland ; 
Settle,  Yorkshire;  Steeraway,  near  Wellington,  Salop. 

In  Scotland.  Carboniferous  Limestone  (Upper):  Kennox  Water 
(Douglas)  and  Wester  House  (Carluke),  both  in  Lanarkshire. 

Carboniferous  Limestone  (Lower) :  Braidwood  (Carluke),  Broddey 
rnearLesmahagow),  Shields  Farm  (East  Kilbride),  Calderside  (South 
ShieUs),  all  in  Lanarkshire ;  Causland  and  Femie  TTill  (Gilmerton), 
in  Edinburghshire. 

In  the  *  Annals  &  Mag.  N.  Hist.'  ser.  1,  1847,  voL  xx.  p.  229, 
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&c,  Prof.  M'Coj,  writing  of  the  Carboniferous  Entomostraca  of 
Australia,  refers  to  B.  eurta  as  occurring  in  the  Dunvegan  shales, 
together  with  a  form  which  he  recognizes  as  "  Oythere  impressa^*^ 
M*Coy  {Beyrichiat):  see  Ann.  N.  H.  ser.  3,  vol.  xyiii.  p.  44,  &c. 

2.  BiiBDiiL  PLEBEii,  Eeuss.     Plate  XXYIII.  figs.  9-19. 

Bairdia  pUbeia,  Eeuss,  1854,  Jahresberioht  wctterau.  Gosellsch. 
1854,  p.  67,  fig.  5. 

B.  QeifuiziaTia,  Eichter,  1855,  Zeitsch.  deut.  geoL  Ges.  vol.  yii. 
p.  530,  pi.  26.  fig.  12. 

B.plebeia,  Kirkby,  1858,  Annals  Nat.  Hist.  ser.  3,  voL  ii.  p.  324, 
pi.  X.  figs.  1-7. 

B.  pUbda,  Kirkby  &  Jones,  1859,  Trans.  Tyneeide  Nat.  Field- 
Club,  vol.  iv.  pp.  141-146,  pi.  ix.  fig.  7. 

Cythere  (Bairdia)  plebeia^  Kirkby,  1861,  Quart.  Joum.  Qeol.  Soc. 
vol.  xvii.  p.  308. 

Cyihere  (Bairdia)  plebeia^  Kirkby,  1862,  Annals  of  Nat.  Hist, 
ser.  3,  vol.  x.  p.  203,  pi.  iv.  figs.  5-10. 

Cythere  pUbeia,  E.  E.  Schmid,  1867,  Neues  Jahrbuch,  &c.  1867, 
p.  581,  pi.  vi.  fig.  26  (not  figs.  1-25  &  27-45 ;  these  are  all  grouped 
together  at  pp.  582  &  588). 

Bairdia  pUbeia^  Jones  &  Kirkby,  1875,  Ann,  Nat.  Hist.  ser.  4, 
voL  XV.  p.  56,  pi.  vi.  figs.  6,  7. 

B,pUbciaj  as  a  Permian  species,  has  been  described  by  both 
Beuss  and  ourselves ;  but  we^  will  briefiy  notice  its  leading  features 
from  Carboniferous  specimens. 

Subdeltoid  in  outline,  with  the  valves  convex  except  at  the  ends, 
which  are  compressed ;  length  a  little  more  than  twice  the  height 
Dorsal  border  arched,  with  the  posterior  slope  always  concave,  and 
the  anterior  slope  occasionally  so;  ventral  border  straight  or  slightly 
incurved.  Anterior  extremity  rounded,  most  prominent  above; 
posterior  extremity  rostrated.  The  right  valve  strongly  overlapped 
by  the  left  on  the  dorsal  border,  and  on  the  centre  of  the  ventral 
border.     Surface  smooth ;  rarely  pitted.    Length  ^  to  ^^  inch. 

Carboniferous  specimens  of  this  species  present  many  variations  of 
form.  These  variations  mainly  consist  of  increase  in  relative  length, 
of  sinuation  or  non-sinuation  of  the  anterior  slope,  of  the  tendency 
of  the  anterior  extremity  to  become  subangulated,  and  proportionate 
length  and  rostration  of  the  posterior  extremity. 

Pig.  15  is  from  a  Craigenglen  specimen,  showing  a  coarsely 
pitted  surface,  in  which  character  it  resembles  B.  ampl<i ;  never- 
theless the  general  form  of  the  carapace  is  that  of  pUbeia, 

Pigs.  16-18  show  a  much  infiated  form  from  the  Carboniferous 
Limestone  of  Backwell,  near  Bristol.  The  lateral  contour  and  end 
view  of  this  specimen  differ  considerably  from  those  of  ordinary 
B.  pUbeia, 

B,  pUbeia  appears  to  have  been  the  prevailing  form  of  the  genus 
during  the  Upper  PalsDOZoic  periods.  The  following  Localities  are 
some  of  those  where  it  has  be^n  found : — 
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In  England  and  Wales.  Toredali  Bocks  i  Whorlton  And  Barnaid 
Castle,  in  Durham. 

Carboniferous  LimesUme :  Weardale,  Durham;  Wyebouma,  Cum- 
berland; Settle,  Yorkshire }  Great  Ormes  Head,  CaemarroDshire ; 
BackweU  and  Charterhouse,  in  Somerset;  Weston-super-Mare, 
Somerset ;  Brooastle,  South  Wales. 

.  In  Scotland.  Carhoniferetis  LimesUms  (  Vj^per) :  Pathhead,  Fife ; 
Levenseat  Limestone-Pits,  Edinburghshire ;  Gare,^  Carluke,  and 
Eobroystone,  in  Lanarkshire ;  Garple  Burn  (Muirkirk),  Williams- 
•W^ood  near  Cathcart,  and  Orchard  near  Pollokshaws,  in  Ben^#w- 
shire ;  Swindridge  and  Highfield  (Dairy)  in  Ayrshire. 

Carboniferous  Limestone  {Lower)  \  Pitlessie  limeworks,  coast 
near  Ardross,  and  coast  east  of  St.  Monans,  in  Fifeshire;  Dan^ 
Quarry,  Currielee  Limeworks,  Magazine  limeworks,  Caualandi 
West  Mains  Farm  (Baads),  Mount  Lothian,  Fullarton,  Bents, 
Mansfield,  all  in  Edinburghshire;  Prestongrange,  East  Lothian; 
Galabraes,  Linlithgowshire ;  Calderside,  South  Shiells,  East  Dnum- 
loch,  Shield's  Farm  (East  Kilbride),  High  Blantyre,  Brodkley 
(Lesmahagow),  Carluke,  Brankumhall  Quarry,  all  in  Lanarkshire ; 
Corriebum  (Sculliongeur),  Craigenglen,  Campsie,  in  Stirlingshire; 
Broadstone,  Howrat  (near  Beith),  Craigie  (Kilmamodk),  in  Aj^shire  J 
Campbeltown,  Argyleshire. 

Calciferous  Sandstone :  Coast  near  Banderstone ;  coast  east  of  Pii- 
tenweem,  and  coast  west  of  Pittenweem,  Fifeshire;  Donkin's 
Quarry,  near  Eodefechan^  Dumfriesshire. 

3.  Baibdia  HisnrGBBi^  Munster.    VIsAb  XXIX.  figs.  4-10. 

Cythsre  Hisingeri^  MUnster^  1830,  Jahrbuch  fiir  Mlneralofpe, 
p.  65. 

Bairdia  Schautothiana^  Xirkbyi  1858,  Annals  Nat.  ffist.  ser.  8, 
Tol.  ii.  p.  329,  pi.  X.  pg  14. 

Cy there  Schaurothiana^  Geiniti,  1861,  Dyas,  p.  36. 

Cythere  (Bairdin)  Sehauroihiana,  Kirkby,  1862,  Ann.  Kat.  Hist 
ser.  3,  vol.  x.  p.  203,  pi.  4.  figs.  1-12. 

Bairdia  ffisingeri,  Jones  &  Kirkby,  1865,  Ann.  Kat.  Hist.  ser.  3, 
vol.  XV.  p.  408,  pi.  XX.  fig.  12. 

Subrhomboidal  in  outline;  convex!  length  rather  more  than 
twice  the  height.  Dorsal  border  straight  or  slightly  oonvez  in  tibs 
middle  portion,  with  an  easy  slope  to  the  anterior  extremity^  and  an 
abrupt  one  to  the  posterior  extremity;  ventral  border  incurved 
anteriorly,  and  rounded  towards  each  end.  Anterior  extrentitj 
broad,  roundedi  and  overhanging  above ;  posterior  extremity  pro* 
jecting  (ram^like),  subangulatei  or  slightly  rostrated.  The  left 
valve  overlaps  the  right  strongly  along  the  dorsal  border ;  also  aknig 
the  ventral  border,  where  a  flange  projects  about  the  anterior  tlurd. 
Surface  smooth.  Musclenspot  placed  near  the  centre  of  the  valvSi 
and  formed  by  a  central  dot,  surrounded  by  eight  or  mof  othens 
all  of  which  are  somewhat  raised  above  the  surface  of  a  siiaDow 
circular  excavation.    Length  -^  inch* 
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This  robust  spedes  is  distiiigaiBhed  by  its  great  size,  rhomboidal 
form,  and  abrupt  posterior  slope — also,  in  many  specimens,  by  the 
strong  overlap  of  the  left  ralve,  especially  on  the  ventral  border, 
and)  in  consequence,  by  a  more  distinct  antero-yentral  curve, 
amounting  almost,  in  some  cases,  to  a  blunt  angle. 

Next  to  B,  pUbeia,  this  species  is,  perhaps,  of  the  most  common 
occurrence  in  Carboniferous  strata.  Some  of  the  Localities  known 
to  us  are  given  below : — 

In  England  and  Wales*  Carboniferous  Limestone :  Eiver  Wans- 
beck,  Northumberland ;  Wyeboume,  Cumberland ;  Great  Ormes  Head) 
Caernarvonshire ;  Bteeraway,  Salop ;  Holwell,  Somerset. 

In  Scotland.  Carboniferous  Limestone  (Upper):  Gillfoot,  Car-* 
luke,  and  Eennoz  Water  (Douglas),  in  Lanarkshire. 

Carboniferous  Limestone  {Lower) :  Mayfield  Quarry  and  Curriele^ 
Limeworks  (near  Dalkeith),  West  Mains  Farm  (Baads),  Fullarton^ 
Mount  Lotluan,  all  in  Edinburghshire ;  Galabraes,  White  Baulks, 
North  Mine  Quarry,  in  linlithgowshire ;  Prestongrange  (East 
Xx)thian),  Hillhead  Quarry  (Wilsontown),  South  Shidls,  Fullwood 
(Carluke),  Braidwood  (Carluko),  Brockley  (Lesmahagow) ,  in  Lanark- 
Bhire ;  Craigenglen,  Campsie,  Stirlingshire ;  Craigie  (near  Kilmar-^ 
nock)  and  Howrat  (near  Dairy)  in  Ayrshire. 

Lower  Carboniferous  Series :  Donkin's  Quarry  (near  Ecdefeohan) 
and  Bonshawburnhead  Quarry,  in  Dumfriesshire. 

4.  Baikdiaampla,  Eeuss.  JflateXXVUL  figs.  20-23;  PL  XXIX. 
fig.  3  J  PL  XXXIL  figs.  17, 18* 

B.  ampla^  Beuss,  1854,  Jahresb.  der  wetterau.  Oes^.  68,  fig.  7« 

B.  ampla^  1859,  Jones,  Trans.  Tyneside  Fidd-Club,  vol.  iv. 
pp.  162  &  166,  pi.  xi.  figs.  14, 19. 

B.  amplay  Eirkby,  1861,  Quart.  Joum.  GeoL  Soc.  voL  xvii. 
p.  308. 

B.  ampla,  Jones  &  Kirkby,  1876,  Annals  Nat.  Hist.  ser.  4,  vol.  zvi 
p.  56,  pL  vL  fig.  5. 

B.  ampla  is  not  of  very  common  occurrence  in  Carboniferous  strata^ 
though  examples  are  found  showing  the  punctate  surface-ornament 
characteristic  of  the  species  in  the  Permian  formation.  Of  the  speci- 
mens figured,  perhaps  the  valve  from  Whorlton  (PL  XXIX.  hg.  3) 
is  the  most  typical,  having  the  fibiely  arched  dorsal  border,  with  the 
convex  slopes,  the  broad  and  evenly  rounded  anterior  extremity,  and 
the  nearly  straight  ventral  border  of  good  Permian  examples. 

The  internal  cast  of  a  left  valve  from  Wyeboume  (fig.  23)  shows 
an  impression  of  the  musde-spot,  which  is  formed  of  six  smsJl  spots 
grouped  round  a  central  spot.  This  cast  approaches  B.  brevis^ 
J.  &  E.,  in  outline,  but  differs  there&om  in  its  greater  relative 

Localities  of  B.  ampla* 

In  England.     Toredale  Rocks :  Whorlton,  Durham. 
Carboniferous  Limestone  i  Wyeboume,  Cumberland. 
In  Scotland.    Oarbontferous  LimesUme  (  Upper) :  Levenseat,  Edin- 
burghshire. 
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Oarbontferom  LimesUme  (Lower) :  Daroy  Quarry  (BaDceith)  and 
Mount  Lothian,  in  Edinborghsbire ;  Nortii  Mine  Quarry  (linlith- 
gowshire),  Hairmyres  (East  Kilbride),  Aucbenbeg  (Lesmahagow),  in 
Lanarkshure ;  Dockra  (Beitb),  Craigie  (Kibnamook),  in  Ayi^liire. 

Otber  figores  of  tbis  spedes  are  bere  given  for  tbe  pnrpoae  of 
sbowing  tbe  pitted  Borface  tbat  often  characterizes  weU-preserved 
specimens. 

Fig.  17,  PL  XXXn.,  is  from  Hairmyres,  East  Kilbride. 

From  Blinkbonny  Quarry  and  some  otber  localities  we  have  speci- 
mens, collected  by  tbe  Geological  Surveyors  of  Scotland,  sbowing  an 
irr^olarly  reticulated  surface,  as  depicted  in  fig.  18,  PL  XXXTI. 
These  specimens  approach  B,  pUbeia  in  some  of  its  forms ;  but  from 
tbat  species  they  differ  in  having  a  decidedly  convex  ventral  border, 
and  much  greater  rotundity  of  valves,  with  greater  relative  length. 

5.  Baikdu  obandis,  n.  sp.    Plate  XXIX.  figs.  1,  2. 

Cy there  (Bairdia)  plebeia^  Eeuss,  var.  grandis,  Jones,  1859,  Trans. 
Tyneside  Field-Club,  voL  iv.  p.  162,  pi.  xi.  fig.  13. 

From  Wborlton  and  some  otber  localities  we  have  a  large  form  of 
carapace-valve  tbat  well  answers  to  the  cast  described  and  figured 
as  B.  plebeia^  var.  grandis,  as  above  quoted.  The  carapace  reminds 
ns  ratiier  more  of  B,  euMeUoidea,  as  to  its  shape,  than  B.  plebeia. 
Its  size,  too,  and  its  relatively  greater  height  and  less  produced 
posterior  extremity,  all  distinguish  it  from  B,  pleheia.  Hence  we 
raise  it  to  specific  rank,  and  describe  it  thus : — 

Subdeltoid  in  outline ;  length  less  than  twice  the  height.  Dorsal 
border  boldly  convex,  with  sinuous  anterior  and  posterior  slopes; 
ventral  border  straight.  Anterior  extremity  broad,  rounded ;  pos- 
terior extremity  bluntly  pointed.  Surface  smooth.  Length 
1^5^  inch. 

B,  grandis  has  been  found  in  Toredale  Rocks  at  Wborlton,  Bur- 
ham,  and  in  Carboniferous  Limestone  {Lower)  at  Carluke,  Lanaii:- 
shire. 

6*  Baibdia  mroROKATA,  Reuss.    Plate  XXIX.  fig.  11. 

B.  mucronata,  Reuss,  1854,  Jabresb.  wetterau.  Ges.  p.  67,  fig.  6. 

B,  mucronata,  1855,  Eichter,  Zeitschrift  deutsch.  gcol.  C^ 
vol.  vii.  p.  531,  pL  26.  figs.  18, 19, 

We  have  a  single  specimen  of  a  carapace-valve  from  Wborlton, 
which  corresponds  closely  vrith  the  figure  of  B,  mucronata  given  by 
Reuss  and  Richter,  except  in  being  somewhat  higher — a  difference 
of,  perhaps,  no  moment  as  to  specific  relationship.  Reuss  describes 
the  species  as  follows : — "  Elongately  elliptical ;  rounded  in  front ; 
running  out  behind  into  a  long,  narrow,  compressed  flap;  upper 
margin  arched;  under  margin  almost  straight;  surface  smooUi." 
This  answers  very  well  for  our  specimen. 

In  Toredale  Bocks  at  Wborlton,  Durham. 

7.  Baibdia  submucbokata,  n.  sp.    Plate  XXLX.  figs.  12-18. 

B.  mueronaiay  Reuss,  var.  suhmucronata,  Jones  and  Kirkby,  1867» 
Trans.  GeoL  Soc.  of  Glasgow,  vol.  ii.  p.  222. 
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We  have  specimens  from  Whorlton  and  from  various  localities  in 
Scotland  that  possess  some  affinity  to  B.  mucronata^  but  which  differ 
from  it  in  having  an  elliptical  ventral  margin,  a  more  symmetrical 
and  less  pointed  posterior  extremity,  and  a  lateral  contour  which, 
though  convex,  is  flattened  over  its  central  portion.  Some  of  the 
specimens  show  a  tendency  to  become  subrhomboidal,  with  a  faintly 
rostrated  posterior  extremity,  and  so  approach  B,  plebeia.  But  we 
are  inclined  to  look  upon  these  specimens  as  distinct  both  from  the 
latter  species  and  B,  mueronata^  and  describe  them  as  follows : — 

Subpyriform  or  subrhomboidal  in  outline ;  greatest  height  about 
the  anterior  third ;  length  about  two  and  a  half  times  the  height, 
or  less.  Both  dorsal  and  ventral  borders  convex.  Anterior  ex- 
tremity roundly  prominent;  posterior  extremity  rather  acutely 
pointed.  Lateral  contour  flatly  convex,  with  the  posterior  end  the 
most  acute.    Surface  smooth.    Length  ^  inch. 

Loealities  of  B.  submucronata. 

In  England  and  Wales.  In  ToredaU  Bocks  at  Whorlton,  Dur- 
ham; and  in  Carboniferous  Limestone  at  Great  Ormes  Head, 
Caernarvonshire. 

In  Scotland.  Carboniferous  Limestone  {Upper):  Gare  (Carluke) 
and  Bobroystone  in  Lanarkshire;  Orchard,  near  PoUokshaws,  in 
Eenfrewshure. 

Carboniferous  Limestone  {Lower) :  Currielee  limeworks.  Maga- 
zine limeworks,  Mansfield,  in  Edinburghshire ;  Corrieburn,  Ciui- 
genglen  (Campsie),  and  ScuUiongeur,  in  Stirlingshire ;  Carluke  and 
Brockley  in  Lanarkshire. 

Lower  Carboniferous  Series  i  Bonshawburnhead  Auarry,  Dum- 
friesshire. 

8.  Baibdia  subslokoata,  n.  sp.    Plate  XXX.  flgs.  1-11  &  16. 

B,  suheylindrica  (Miinster),  Jones  &  Eirkby,  1867,  Trans.  GeoL 
Soc.  Glasgow,  voL  ii.  p.  221. 

B.  subcylindrica  (Miinster),  Armstrong  &  Young's  Catalogue  of 
Carb.  Fobs,  of  Western  Scotland  (1871). 

We  have  many  specimens  of  a  long,  narrow  form  of  Bairdia, 
which  have  much  in  common  with  B.  elongata^  Miinster,  but  do  not 
approach  near  enough  to  that  species  (so  far  as  we  know  it)  to 
permit  of  absolute  identification.  This  form  we  describe  under  the 
name  of  subdongata. 

Elongate;  length  more  than  three  times  the  height.  Dorsal 
border  straight  or  very  slightly  convex  ;  ventral  border  straight  or 
very  slightly  concave,  and  parallel  (or  nearly  so)  with  the  dorsal 
border.  Anterior  extremity  broadly  rounded,  evenly  so  in  many 
cases,  but  sometimes  most  prominent  above;  posterior  extremity 
bluntly  pointed,  being  diagonally  truncate,  as  it  were,  above  and 
below.  Dorsal  overlap  moderate.  Lateral  contour  about  four  times 
as  long  as  wide,  flat  or  flatly  convex  for  a  good  central  third,  with 
pointed  ends,  the  anterior  being  rather  the  most  acute.  Surface 
smooth.     Length  ^g  inch. 

aJ.G.S.  No.  140.  2r 
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This  description  applies  most  exactly  to  the  more  ty^acal  ex- 
amples, which  are  always  to  be  distinguished  by  their  nearly  straight 
backs,  regularity  of  height,  and  well-rounded  anterior  ends. 

Specimens,  however,  occur  whose  backs  are  decidedly  curved, 
whose  height  is  not  so  equal  throughout,  and  whose  anterior  ends 
lose  the  normal  broadly  rounded  form  of  typical  examples.  PosnUj 
such  specimens  (figs.  6,  8,  9)  may  represent  a  variety ;  but,  as  their 
lateral  contour  shows  little  or  no  variation,  we  look  upon  them  as 
not  showing  too  great  a  divergence  from  the  type  of  this  species. 

Other  specimens,  while  retaining  the  almost  straight  and  parallel 
borders  of  the  species,  possess  more  pointed  posterior  extremities, 
as  shown  in  figs.  7  ft  10. 

We  were  once  inclined  to  look  upon  the  examples  having  a  conrel 
dorsal  border  as  probably  the  same  as  Miinster's  B.  subctflindriea ; 
but  that  species  has  the  dorsal  border  more  finely  arched,  a  smaller 
anterior  extremity,  and  a  more  convex  lateral  contour  than  any  of 
the  elongate  forms  of  Bairdia  we  are  noticing.  This  will  be  seen 
on  comparing  the  latter  with  figures  14  &  15j  which  are  from  a 
Bavarian  example  oi  Miinstet*s  species. 

Figs.  12, 13,  inserted  for  comparison,  represent  what  we  ecm- 
sider  to  bo  an  elongate  form  of  B,  J^isingeri,  from  Campsic. 

LocaliHes  of  B.  subelongata. 

Wales.  In  Carhonifmna  Limestone^  at  Great  Ormes  Head,  Car- 
narvonshire. 

Scotland.  Carboniferous  lAmestotu  (Upper):  Havenscraig,  nea^ 
Kirkcaldy,  Eif cshire ;  Levenseat  limestone-pit,  Mid  Lothian ;  BiTer 
Avon,  below  Kinneil  Mill,  Linlithgowshire;  Garple  Bum,  near 
Muirkirk,  Ayrshire;  Orchard,  near  Pollokshaws,  Eenfrewshirti 
Gare  (Carluke),  Meikle  Eamock  Bum,  Climpy  (WiJsontown),  Gill- 
pott  (Carluke),  Auchehbcg  (Lesmahagow),  in  Lanarkshire. 

Carboniferous  Limestone  (Lower) :  Sec^eld  Tower  and  Inverteil 
Quarry  near  Kirkcaldy,  Abden  near  Kinghora,  Pitlessio  Quar- 
ries, Wilkinson  Quarry  near  Cupar,  Ladedda  Quarry  near  Cupar, 
Woodtop  Quarry  (Teasses),  St.  Monan's,  Woodend  Quarry  near 
Fordel,  Charleston  Quarry,  in  Fifeshire ;  Brunston  Colliery,  BHnk- 
botiny  Quarry,  Darcy  Quarry  (S.W.  of  Dalkeith),  Magazine  Lime- 
works,  Mount  Lothian,  Baieid's  Mill,  Mansfield,  Fullarton,  Cur- 
Helee,  in  Mid  Lothian }  Catcraig  Land  Quarry,  near  Dunbar,  in 
East  Lothian;  North  Mine  Quarry,  Galabraes  Quarry,  in  lan- 
lithgowshire ;  Craigenglen  (Campsie),  Coirieburn,  in  Stirlingshire ; 
Carlops  Quarry,  Whitefleld  Old  Quarry,  in  Peeblesshire;  Calder- 
l^ide  Quarry^  Boghead  (Hamleton),  East  Drumock,  Hillhead  Quarry 
near  Wilsontown,  Ponfeigh  Bum  and  Craigbum  near  Douglas, 
Fulwood  and  Braidwood  (Carluke),  Mousewater  near  Lambc^di, 
Sheills,  Bratikumhall  Quarry,  Brockley  near  Lesmahagow,  High 
Blantyre,  in  Lanarkshire ;  Craigie  (near  Kilmarnock),  Dockra 
(Beith),  in  Ayrshire. 

Calciferous  Sandstone :  BiUow  Ness,  Fifeshire. 
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9.  Bairdia  bttbobagilib,  Geinitz.    Plate  XXX.  fig.  17. 

Bairdxa  gracilis,  Jones  (non  M'Coy),  1850,  in  King's  Konogr. 
Perm.  Pose.  p.  63,  pi.  18.  fig.  7. 

B.  gracilis,  Reuss,  1854,  Jahresb.  wetter.  Gcsellsch.  1854,  p.  65, 
figs.  2  a,  26,  3. 

B.  gracilis,  Richter,  1855,  Zeitscli.  deut.  geoL  Ges.  rol.  vii.  p.  530, 
pi.  26.  figs.  16, 17. 

Cythcre  (Bairdia)  gracilis  (M*Coy  ?),  Jones,  1859,  Trans.  Tyne- 
side  N.  F.-Club,  vol.  iv.  p.  163,  pi.  xi.  fig.  15. 

Bairdia  suhgracUis,  Geinitz,  1861,  'Dyas/  p.  34,  figs.  9a-<j. 

Prom  the  ^*  Main  Limestone "  of  the  Carluke  district  we  have 
examples  of  an  elongate  Bairdia  (fig.  17)  possessing  a  more  strongly 
convex  dorsal  and  incurved  ventral  border  than  any  specimens  we 
have  described  as  belonging  to  B.  suhelongata.  They  have  altogether 
a  curved  outline,  the  dorsal  border  being  convex  and  the  ventral 
border  concave,  with  the  anterior  half  of  the  carapace  considerably 
the  larger.  The  posterior  extremity  is  pointed,  and  the  anterior 
rounded.  These  specimens  have  not  the  shell  well  preserved ;  but, 
BO  far  as  can  be  judged,  they  come  very  near  the  Permian  form, 
which  one  of  us  identified  with  B.  gracilis,  M^Goy,  and  which  Dr. 
Geinitz  has  since  named  svhgracilis. 

The  figures  given  for  this  species  by  Beuss,  Eichter,  and  Geinitz 
differ  somewhat*  among  themselves  as  to  the  relative  proportions  of 
the  posterior  third  of  the  carapace ;  but  the  general  shape  sufficiently 
accords  throughout  to  indicate  a  specific  alliance* 

10.  Baiedia  Bit£Vis,  Jones  &  Eirkby.    Plate  XXXI.  figs.  1-8. 

J5.  hrevis^  J.  k  K.  1867,  Trans.  Geol.  Boc.  Glasgow,  vol,  ii. 
p.  221. 

B,  hrevis,  J.  &  K.  1871,  Armstrong  and  Young's  Cat  Carb.  Poss. 
of  West  Scotland,  p.  25. 

Subrhomboidal ;  length  about  half  as  much  again  as  the  height. 
Dorsal  border  boldly  convex,  the  posterior  slope  of  the  arch  being 
much  the  deepest  and  rather  concave ;  ventral  border  convex  in 
most  examples,  but  in  some  nearly  straight  in  the  centre  and  rounded 
towards  the  ends.  Anterior  extremity  broad,  rounded,  or  subtrun- 
cate,  most  prominent  above;  posterior  extremity  rostrated,  with 
the  beak  usually  more  or  less  acute.  Lateral  contour  broadly  lenti- 
cular, with  the  greatest  width  in  the  centre,  which  is  rather  less 
than  half  the  length.     Surface  smooth.     Length  ^  to  ^  inch. 

The  specimens  figured  show  the  most  important  variations  of  out- 
line. Such  variations  mainly  relate  to  the  amount  of  inward  slope 
of  the  anterior  extremity,  as  depicted  in  figs.  3  &  5,  and  to  the  con- 
vexity of  the  ventral  border,  which,  in  such  examples  as  are  repre- 
sented by  figs.  2  &  3,  forms  a  bold  sweep  continuous  with  the  inferior 
slopes  of  the  two  extremities,  while  in  others  (fig.  5)  it  is  flattened 
in  the  centre  to  nearly  a  right  line. 

Compared  with  its  height  (about  two  thirds  of  the  length),  this  is 
the  shortest  species  of  the  genus. 

Localities,  In  England  this  species  has  been  found  in  the  Carho" 
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mferou9-Limestone  stria  of  Wyebourne,  Chimberland ;  Weaidale, 
Durham ;  Charterhouse,  Somerset;  and  Scremerston,  near  Berwick- 
on-Tweed. 

In  Scotland.    Carhonifertms  Limutom  {Upper):  (Xm^^yTi^^ 
town,  Lanarkshire. 

Carboniferous  Limestone  {Lower)',  Seafield  Tower  and  Inverts 
Quarry  (near  Kirkcaldy),  Abden  (Kinghom),  Eoscobie  and  Charles- 
ton Quarry  (near  Dunfermline),  Ladedda,  Wilkinson,  and  Woodt<^ 
Quarries  (near  Cupar),  Pitlessie  Quarries,  in  Fifeshire;  Hillhead 
Quarry  (near  Cockmuir  Bridge),  BHnkbonny  Quarry,  Brunston  Od- 
liery,  in  Mid  Lothian ;  Salton  Limeworks,  Eidlaw  Quarry,  Pdaton 
Quarry,  Catcraig  Land  Quarry  and  Burlage  Quarry  (near  Dunbar), 
in  East-Lothian ;  Craigonglen  (Campsie),  Spouthead  Bum,  in  Stir- 
Hngshire ;  Brockley  (Lesmahagow),  Braidwood  (Carluke),  in  Lanark- 
shire ;  Bonshawburniiead  Quarry,  Dumfriesshire. 

11.  Baisdia  siliqvoides,  sp.  n.     Plate  XXXI.  figs.  9-14. 

Siliquiform,  or  pod-shaped ;  length  from  two  and  a  quarter  to  leas 
than  three  times  the  height.  Dorsal  border  almost  evenly  arched, 
with  the  extremities  nearly  alike,  the  anterior  being  rather  wider 
or  less  acute  than  the  posterior ;  ventral  border  convex.  Lateral 
contour  plumply  lenticular.    Surface  smooth  ?    Length  -jiy  to  -jlg  inch. 

Most  of  the  examples  of  this  species  which  we.  have  seen  were 
collected  by  the  officers  of  the  Geological  Survey  of  Scotland,  from 
a  shale  of  the  Carboniferous-Limestone  series,  on  the  Kiver  Avon, 
Linlithgowshire.  These  specimens  are  all  single  valves,  and  do  not 
show  tiie  hingement  as  well  as  could  be  vrished.  We  have  one 
specimen  from  a  thin  limestone  of  the  Calcifcrous-Sandstone  series 
of  Eife,  with  the  valves  united,  but  not  in  such  preservation  as  to 
display  clearly  the  amount  of  overlap  along  the  dorsal  border.  StiU 
we  have  not  much  doubt  of  the  species  belonging  to  Bairdia  ;  it  is 
a  well-characterized  form,  and  comes  nearest  to  the  little-known 
Pennian  species  Bairdia  acuta,  Jones. 

Localities. — Scotland.  Carboniferous  Limestone  {Upper) :  Biv^ 
Avon,  below  Einneil  Mill,  Linlithgowshire ;  Eennox  Water,  Dou- 
glas, Lanarkshire. 

Calciferous  Sandstone :  Coast  near  Handerstone,  south  of  Eings- 
bams,  Fifeshire. 

12.  Baibdia  amputata,  Eirkby.    Plato  XXXI.  figs.  15-18. 
Bairdia  truncata^  Eirkby,  1858,  Ann.  Nat.  Hist,  series  3,  voL  iL 

p.  433,  pi.  xi.  fig.  4. 

Cyikere  amputate^  Eirkby,  1859,  Trans.  Tyneside  F.  C.  voL  iv. 
pp.  155, 156,  &  167,  pi.  xi.  fig.  22. 

We  have  a  single  specimen  from  Paiston  Quarry,  East  Lothian, 
that  apparently  belongs  to  the  Permian  species  Cythere  amputata^ 
Eirkby.  But  this  example  is  larger  and  in  better  condition  than  any 
Permian  specimens  (casts)  we  have  seen ;  and  it  shows  in  the  over- 
lap of  the  right  valve  by  the  left,  along  the  dorsal  edge,  and  in  the 
rostrated  form  of  the  posterior  extremity,  that  the  species  is  more 
properly  placed  with  Bairdia  than  Vyilifre, 
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This  Carboniferous  specimen  is  relatively  higher  and  has  the  dorsal 
border  more  angolate  Uian  Permian  examples.  It  may  be  described 
as  follows : — 

Elongately  subpentagonal ;  convex :  length  twice  the  height,  which 
is  greatest  at  the  anterior  third,  from  which  point  the  dorsal  border 
descends  in  right  lines  towards  each  extremity.  Anterior  extremity 
broad,  truncated  inwards ;  ventral  border  projecting  (flap-like)  at 
the  anterior  ventral  angle,  and  sloping  inwards  behind  towards  the 
posterior  extremity :  this  end  of  the  valves  is  bluntly  rostrated, 
the  upper  slope  being  deep  and  abrupt.  Lateral  contour  lenticular; 
greatest  width  about  the  anterior  third,  and  more  than  one  third  of 
the  length.     Surface  smooth.     Length  -^^  inch. 

B,  amputata  is  a  strongly  characterized  species.  It  can  always 
be  distiuguished  by  the  angularity  of  its  general  outline  and  its 
abruptly  truncate  anterior  end. 

As  a  Carboniferous  species,  it  has  only  occurred  in  the  Lower  Car- 
boniferous-Limestone shale  of  Paiston  Quarry,  East  Lothian,  where 
it  was  found  by  the  officers  of  the  Geological  Survey  of  Scotland. 

13.  Baibdia  PBiEcisA,  u.  sp.    Plate  XXXII.  flgs.  1-6. 

Ovately  subrhomboidal,  compressed ;  length  less  than  twice  the 
height.  Dorsal  border  strongly  convex,  with  the  posterior  slope 
much  the  deepest ;  the  anterior  slope  forms  an  abrupt  angle  with 
the  anterior  extremity,  which  is  broad  and  obliquely  truncate  in- 
wards and  downwards  ;  ventral  border  straight ;  posterior  extremity 
rounded  or  slightly  subangular.  The  left  valve  overlaps  the  right 
along  the  whole  of  its  border,  most  strongly  so  dorsally  and  at  the 
antero-dorsal  angle.  Lateral  contour  more  or  less  wedge-shaped, 
the  greatest  width  being  at  the  anterior  third.  Surface  smooth  ? 
Length  ^  inch. 

l^e  specimens  on  which  the  preceding  description  is  based  were 
found  in  a  thin  limestone  of  the  Calciferous-Sandstone  series  near 
Banderstone,  Fife.  Their  outline  somewhat  resembles  a  reversed 
Leperditia;  their  mode  of  hingement,  however,  their  truncated 
anterior  end,  and  wedge-like  lateral  contour  show  that  such  like- 
ness is  not  reaL 

This  species  has  been  met  with  only  at  the  above-mentioned  locality. 

14  Baikdia  lOTiDA,  n.  sp.    Plate  XXXII.  figs.  9-12. 

Elongately  subovate ;  highest  at  the  anterior  third ;  rounded  in 
front,  tapering  to  a  point  behind  ;  very  convex :  length  two  and  a 
half  times  the  height ;  width  greater  than  the  height.  The  dorsal 
border  slopes  gently  downwards  from  the  anterior  to  beyond  the 
posterior  third,  whence  it  descends  abruptly  to  form  the  posterior 
extremity ;  the  ventral  border  is  convex.  Overlap  of  the  left  valve 
moderate.  Lateral  contour  tumidly  lenticular,  widest  in  the  centre. 
SurfjAce  smooth.    Length  -^  inch. 

This  neat  and  plump  form  of  carapace  has  apparently  no  very 
near  Carboniferous  relations.  Perhaps  it  approaches  most  closely  to 
the  mucronate  forms  of  the  genus. 

The  only  example  which  we  have  found  occurred  at  Anstruther, 
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Fifeshire,  in  one  of  the  thin  limestones  of  the  Oaleifsroas  Sandstone, 
about  3800  feet  below  the  base  of  the  Carboniferons-Iimestcme  serios. 
It  was  there  associated  with  Beyrichia  suharcuata  and  species  aiSpi- 
rorhity  Myalina^  MaeroeheUui  (?),  and  Orihoeemi.  This,  we  beUere, 
is  the  earliest  appearance  oi  Bairdim  in  Carboniferous  st7ata« 

15.  Baibdu  cibouxcisa,  sp.  n.    Plate  XXXII.  figs.  13-16. 
Eeniform,  compressed;  length  about  twice  the  height.  Dorsalbordc? 

arched ;  extremities  rounded,  the  anterior  being  the  highest  and  most 
blunt ;  ventral  border  straight.  Dorsal  overlap  of  left  valve  strong. 
Lateral  contour  compressed  in  the  centre,  pointed  at  the  ends ;  width 
rather  over  a  fourth  of  the  length.   Surface  smooth.   Length  -^^  inch. 

The  only  example  we  have  seen  of  this  form  is  slight! j  injured 
near  the  anterior  end,  as  shown  in  the  figures.  Its  general  outline 
resembles  that  of  Cythere  hUohata,  Miinster ;  but  that  species  is  very 
convex,  and  has  an  incurved  ventral  margin.  Bairdia  asgrnlU^ 
D*£ichwald,  seems  to  be  a  related  form. 

From  the  Carboniferous  Limestone  {Lower)  of  Whitebaulks  Quarry, 
near  Linlithgow.  The  specimen  belongs  to  the  Geological  Surrey 
of  Scotland. 

16.  Baibdia,  sp.?    Plate  XXXII.  figs.  7,  8. 

We  have  seen  in  the  collection  of  the  Geological  Survey  of 
Scotland  the  curious  carapace  from  the  Carboniferous  Limestone 
{Lower)  of  Cowden's  Quarry,  near  Dunfermline,  Fifeshire,  that  Is 
represented  by  figs.  7  &  8,  PI.  XXXII.  It  looks  like  a  very  much 
attenuated  relative  of  B.prcecisa.  It  may  probably  be  somewhat 
malformed ;  for  the  postero-ventral  region  shows  traces  of  injury. 
Until  other  examples  turn  up  we  forbear  doing  more  than  figure  it. 

CONGLTTBIOJr. 

The  species  of  Bairdia  we  have  described  and  figured  in  this 
paper  are,  it  is  believed,  all  that  have  been  found  in  British  Carbo- 
niferous rocks,  with  the  exception  of  McCoy's  B.  graciUSf  about 
which  little  is  known  *.  Two  Bavarian  species  described  by  Count 
Miinster  {B,  elongaia  and  B.  subcyUndriea)  have  not  yet  ocourred 
in  Britain.  Neither  have  four  Eussian  forms  described  by  D*£ich- 
waldt,  nor  the  Australian  B.  affinis^  Morris.  Including  these, 
there  are  twenty-three  Cfiurboniferous  species  belonging  to  the  genus. 

Seven  of  these  species  are  found  recurrent  in  the  overlying  Per- 
mian formation ;  but  none  of  them  are  known  to  extend  into  Meso- 
zoic  strata ;  and,  excepting  one  doubtftil  instance  t^  none  appear  to 
bo  recurrent  from  the  Devonian  or  Silurian  rocks  beneath. 

In  the  following  Table  we  give  a  list  of  all  the  Paheozoie  Batrdia 
known  to  us  (omitting  such  as  appear  to  be  but  varieties  or  syno- 
nyms)/ with  references  to  figures  of  the  species  not  noticed  in  this 
paper.  The  Table  also  shows  the  occurrence  and  recurrence  of  tha 
species  in  the  different  subdivisions  of  the  two  upper  systems  of 
Palaeozoic  strata. 

*  See  Annals  Nat.  Hist  ser.  3,  toI.  xriii.  p.  42  (1866). 

t  See  al!«o  Ann.  N.  H.  ser.  4,  toI.  xt.  p.  62  (1876). 

X  I^Eichwald  refers  to  J?,  curta  as  haTing  been  found  in  the  Old  Bod  of 
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Note, — ^The  speoias  which  hare  no  references 
for  Illustrationa  atttohed  to  thun  are 
deBovibed  and  figured  in  (be  foregoing 
memoir. 


Permian.     Oarboniferoui. 


Pbbicuv  AVD  OARBOKimOUS. 


1.  Bairdia  plebeia,  Beuis 

2.  B.  Hisingeri  (i^iin^^) 

3.  B.  ampla,  2i^f«M    • 

4.  B.  Kin^ii,  Beuu^  Ann.  Nat.  HiAt.  oer.  d, 

voL  ii.  pi.  X.  f.  8 

5.  B.  bemiciensiB,  Kirkbv,  loo.  cit.  1 15 

6.  B.  rhomhoidea,  Kirkby^  loo.  cit  pL  xi.  f.  8 

7.  B.  ampulata^  i^tVAri^    

8.  B.  subgracilis,  Gcinitz 

9.  B.  acuta,  Jones^  King's  Monogr.  Perm. 

FoM.  pL  18.  f.  10  

10.  B.  grandis,  Jones 

11.  B.  mucronata,  Reuss 

12.  B.  drupacea,  Jiichter,  Zeitschr.   deutsob, 

geol.  Gea.  vol.  vii.  pi.  26.  f.  10 '. 

CARBONIFIttOUS. 

13.  B.  gracilis,  APCoy,  Syn.  Oarb.  Foes.  Ire- 

land, pi.  xxiii.  f.  7 

14.  B.  curta,  M*Coi/f 

15.  B.  Bubmucronato,  t/bM««  ^  JTtri^y  ...... 

16.  3.  hreyiB^  Jones  ^  Kirkby    

17.  B.  gubcylindrica  (Munster) 

18.  B.  elongata  {Munster)^  Ann.  Nat  Hist. 

Bcr.  3,  vol.  XV.  pi.  XX.  f.  13 

19.  B.  BubelonMta,  Jones  ^  Kirkhy 

20.  B.  siliquoidee,  Jones  ^  Kirkhy   

21.  B.  prseciaa,  Jones  ^  Kirkhy 

22.  B.  nitida,  «7(m68  ^  ITtrA;^  

23.  B.  circmncisa,  Jones  ^  Kirkhy   

24.  B.  sdqualis,  UEichwald^  Letluea  Bossica, 

Uvr.  7,  pi.  Hi.  f.  6 

25.  B.  distracta,  I/Eichwald,  loo.  cit.  f.  12. ... 

26.  B.  qnalem,irEichwald,  loo.  cit  f.  4 

27.  B.?  excisa,  JXEichwald,  loo.  cit.  f.  8 

28.  B.  afBnis,  Morris^  in  Straelecki*s  *Phy3. 

Deecrip.  N.  S.  Wales,'  p.  291,  pL  18.  f.  10 

Silurian. 

29.  B.  protracta,  D'Eichwald,  loc.  dt.  f.  19 

30.  B.  Phillipaiana,  J(me8  ^  Holl,  Ann.  N.  H. 

ser.  4,  vol.  iii.  pi.  xiv.  f.  7 

31.  B.  Murehisoniana,  Jones  ^  Holl^  loc.  cit. 

Tol.  ii.  pi.  vii.  f.  9 

32.  B.  Griffithiana,  Jones  ^  Holl,  loc.  cit.  f.  10 

33.  B.  Salteriana,  Joiies  ij-  HoU,  loc.  cit  f.  11. 

34.  B.  ?  Browniana,  Jones,  Trans.  Geol.  Soc. 

Edinb.  vol.  ii.  p.  321 ;   GeoL  Mag.  ser. 
2,  voL  i.  p.  611,  fig.  1    


?• 


»? 


t  Quoted  from  the  Old  Bed  Sandstone  of  Bussia  by  D'Eichwald,  *Lethaea 
Bossica,'  vol.  ii.  p.  1338.    See  Bigsby's  •  Thesannis  Devomco-Carboniferus,*  p.  26. 
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BXPLAI^ATION  OP  THE  PLATBa 

PLATiXXVm. 

(All  the  BpecamcDB  are-magmHed  25  diameters.) 

Fig.  1.  Bairdia  eurta,  IfOoj ;  left  Talye  of  the  on'ginel  speeimeD,  freed  from 
matrix,  Granaid,  co.  LoDgford,  Ireland.  Fig.  2,  Tentrml  riew  of 
same. 

3.  B,  curfa ;  right  Talre  and  edge  of  left  ralTe  of  a  ipedmen  bdonging 

to  Mr.  Jolm  Young.  From  Brockley,  near  Leemahagow.   Fig.  4,  ven- 
tral Tiew  of  same. 
6.  B.  ciirta.  Tar.  terebra ;  single  right  ralre.    Wyeboome,  Cumberland. 

6.  B.  carta ;  left  Talye.    SetUe,  Yorkshire. 

7.  B,  curtOy  Tar.  hiecmU ;  right  TalTe  of  a  specimen  belonging  to  Mr. 

James  Thomson.    Ymm  West  Broadstone,  ATrshire. 

8.  B.  curta,  Tar.  dsfarmis ;   right  tsIts.    Steerawaj,  Salop.     In  Mr. 

Charles  Moore's  collection. 

9.  Bairdia  plebeian  Reuss ;  left  TalTe.    Newfield  Qoarrj,  High  Blantjre. 

Fig.  10,  dorsal  Tiew;  fig.  11,  Tentral  Tiew;  and  fig.  12,  end  new 
of  same. 

13.  B.  piebeia ;  left  TalTe.    Newfield  Quarry. 

14.  B.  piebeia  ;  right  TalTe.    Craigenglen,  Campsie. 

15.  B,  piebeia ;  left  TalTe,  showing  su^ace-omament    Craigenglen. 

16.  B.  piebeia ;  left  TaWe  of  a  gibbose  specimen.    Baokwell,  Somerset 

Figs.  17  &  18,  Tentral  and  end  Tiews  of  the  eame.    In  Mr.  C. 
Moore's  collection. 

19.  B.  piebeia ;  left  TalTe  of  a  small  specimen.    Brocastle,  South  Waki. 

In  Mr.  C.  Moore's  collection. 

20.  Bairdia   atnpla,   Beuss;    right  TalTe.     Hairmyres,   East   Kilbride. 

Figs.  21  &  22,  dorsal  and  end  riews  of  the  same. 
23.  B.ampla;   cast  of  left  TalTe,  showing  musde-spoti.    Wjeboume, 
Cumberland. 

PlatiXXEL 

(All  the  speoimens  are  magnified  25  diameters.) 

Fig.  1.  Bairdia  grandit,  n.  sp. ;  left  tsItc.    Whorlton,  Durham.     Fig.  2, 
dorsal  Tiew  of  same. 
3*  Bairdia  ampla,  Beuss ;  left  TalTe.    Whorlton. 

4.  Bairdia  mmngeri  (Munster) ;    ri^t  tsIto  and  edge  of   left  Talre. 

Craigenglen,  Campsie.    Fig.  5,  dorsal  Tiew ;   fis.  6,  Tentral  Tiew ; 
fig.  TJ  anterior  Tiew ;  and  fi^.  8,  posterior  Tiew  d*  the  same. 
9.  B,  Hisingeri ;  left  yaWe.    Craigenslen. 

10.  B,  Hisingeri ;  right  Talye,  with  shell  partly  remoyed,  showing  impres- 

sion of  muscle-spot.    Craigenglen. 

11.  Bairdia  mucronata^  Beuss;  1^  yalye.    Whorlton. 

12.  Bairdia  submucranata,  n.  sp. ;  left  yalTe.    Bonshawbumhead  Quarry, 

Dumfriesshire. 

13.  B,  submucronata ;  left  Talye.    Whorlton. 

14.  B.  submucronata ;  right  yalTe.    Craigenglen.    fig.  15,  Tcntial  Ttew ; 

fig.  16,  dorsal  riew ;  and  fig.  17,  end  yiew  of  same. 
18.  B.  mbmucronata ;  right  Talye.      Carluke,  Lanarkshire. 

PlatbXXX. 

(All  the  flpecimens  are  magnified  25  diameters.) 

Fig.  1.  Bairdia  tubelongata^  n.  sp. ;  left  yalye.  Woodcnd  Quarry,  near  Fordel, 
Fife.    Fig.  2,  dorsal  yiew  of  the  same. 
3.  /?.  titbelongata ;   right  yalve.    Ladedda  Quarry,  Fife.    Fig.  4,  ^-en- 
tial  view ;  fig.  5,  end  yiew  of  the  same. 
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Fig.  6.  B.  tubeUmgata ;  right  valre.    Blinkbonny  Qaarrj,  Mid  Lothian. 

7.  B.  tubelofigata ;  left  Tal? e.    Ladedda  Quarry, 

8.  B.  subelongaia ;  right  Talve.  Paiston  Quarry,  East  Lothiau.    Fig.  9, 

rentral  riew  of  the  same. 

10.  B.  mbeUmgata;  right  Ttare,  Newfleld  Quarry.    Fig.  11,  dorsal  riew 

of  the  same. 
12,  B,  Hisituferi  (Wan»tBr\  elongate  variety;  left  Talre.    Craigenglen, 
Oampeie.    Fig.  13,  dorsal  new  of  the  same. 

14.  BainUa  subcylindrica  (Munster) ;  right  ralre  of  a  Bayarian  specimen 

from  Tragenau,  near  Hof.    Fig.  15,  dorsal  view  of  the  same. 

16.  B,  subdongata,  n.  sp. ;  ri^t  Talve.    Fitleesie,  Fifeshire. 

17.  Bairdia  subgracilia,  Geinitz;  right  valTe.    Carluke,  Lanarkshire. 

Platb  XXXI. 
(All  the  specimens  are  magnified  25  diameters.) 

Fig.  1.  Bairdia  brevis,  J.  &  K  ;  left  valve.    Kidlaw  Quarry,  East  Lothian. 

2.  B.  brevis ;  right  valve.    Inverts  Quarry,  near  Kirkcaldy,  Fifeshire. 

3.  B.  hrevia ;  left  valve.    The  same  locality. 

4.  B,  brevis ;  right  valve.    Abden,  Kinghom,  Fifeshire. 

5.  B.  brevis ;  ri^t  valve.    East  Salton,  East  Lothian.    Fig.  6,  dorsal 

view ;  fl^.  7,  ventral  riew ;  fig.  8,  end  riew  of  the  same. 

9.  Bairdia  stlimtoidss,  n.  sp. ;    left  valve.    Biver  Avon,  near  Kinneil 

Mill,  Linlithgowshire.    Fig.  10,  dorsal  view  of  the  same. 

11.  B,8ili^oides;  right  valve.    Same  locality. 

12.  B,  sili^oides;  left  valve.     Banderstone,  Fife.     Fig.  13,  ventral 

view ;  fig.  14,  end  view  of  the  same. 

15.  Bairdia    anqmtata,   Kirkby;  right  valve.     Paiston  Quarry,  Eaat 

Lothian. 

16.  B,  amputata;  left  valve.     Same  locality.     Fig.  17>  dorsal  view; 

^g,  lo,  end  riew  of  the  same. 

PlatiXXXU. 
(All  the  specimens  are  magnified  25  diameters.) 

Fig.  1.  Bairdia  fracisa^  n.  sp. ;  left  valve.    Banderstone,  Fifeshire. 

2.  B.practaa;  ri^ht  valve.    Same  locality. 

3.  B.  praeiaa ;    n^ht  valve.      Same  locality.     Fig.  4,  ventral   view  ; 

fig.  5,  dorsal  view ;  fig.  6,  end  riew  of  the  same. 
7.  Bairdia^  sp ;  right  valve.    Oowden*s  Quarry,  Fife.    Fig.  8,  ventral 

riew  of  tne  same. 
9.  Bairdia  niiida^  n.  sp. ;  left  valve.    Anstruther,  Fife.    Fig.  10,  right 

valve;  fi^;.  11,  ventral  view  ;  fig.  12,  end  riew  of  the  same. 

13.  Bairdia  ctrcumcisa,  n.  sp. ;   right  valve  and  edge  of  the  left  valve. 

Whitebaulks  Quarrv,  Linlithgowshire.    Fig.  14,  left  valve ;  fig.  15, 
dorsal  view ;  fiff.  16,  end  riew  of  the  same. 

17.  Bairdia  ati^la,  Keuss ;  left  valve,  showing  pitted  surface.    Hair- 

myres,  East  Kilbride. 

18.  B.  ampUi,  var. ;  left  valve,  showing  reticulated  surface.    Blinkbonny 

Quarry,  Mid  Lothian.    Fig.  19,  ventral  view ;  fig.  20,  end  riew  of 
the  same. 
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45.  A  OoHTRiBunoir  to  Bovm-J^JtOMickM  OsoLoer,  By  GjsoBes 
Attwood,  Esq.,  F.G.S.I  Assoc J|i8t.C.E.,  Mem.  Am-  Inst.  MJB. 
With  an  Appbbtdix  by  the  Bey.  Prof.  If,  0.  Sowet,  U^.^ 
F.E.8.,  8ecG.S,    (Read  June  26, 1879.) 

[Plati  xxxm.] 

The  paper  which  I  have  the  honour  to  present  to  the  Society,  en- 
titled ^'  A  Contribution  to  South-American  Geology,"  refers  to  a  tract 
of  country  about  150  miles  in  length,  commencing  from  a  small  port 
callpd  Puerto  de  Tablas  on  the  Orinoco  river  in  the  State  of  Guayana, 
Yenefuela,  and  taking  a  south-easterly  direction  into  the  interior  as 
iai  as  the  Caratal  Gold  district,  as  shown  on  the  Map  (PL  XXXUI.). 

Mr.  Carlos  Seigert,  a  German  surveyor  ^ho  has  spent  many  years 
in  the  country,  has  lent  me  his  notes  in  relation  to  the  line  of  country 
I  have  surveyed  and  described ;  and  his  observations  confirm  the  map 
1  have  compiled.  The  elevations  marked  on  the  section  have  been 
computed  by  the  aneroid  and  mercurial  barometers,  and  they 
were  carefully  checked  by  the  boiling-point  test  made  with  Casella's 
bypsometers,  as  shown  in  the  following  Table  (p.  583). 

After  landing  at  Puerto  de  Tablas  and  climbing  up  the  sandbank, 
large  exposures  of  weathered  rock-masses  are  seen.  It  is  only  after 
a  careful  examination  that  the  rock  is  found  to  be  crystaUine  and  of 
igneous  origin.  Parallel  lines  of  alteration  are  so  distinct  and  so 
regular  on  the  outer  surfaces  that,  until  the  weathered  portions  have 
been  broken  off  and  the  unaltered  rook  exposed,  it  is  not  possible  tiiat 
a  definite  conclusion  can  be  arrived  at.  The  rock  presents  a  highly 
crystalline  appearance,  and  consists  chiefly  of  felspar,  with  some  quartz 
and  a  dark  green  mincraL  It  coijtains  64*83  per  cent,  silica,  and  6*80 
per  cent,  iron  =protoxide  8*34  per  cent.,  or  pero:pde  8-84  por  cent. 
The  rock  may  be  called  a  syenite  (with  mioroline)  ;  but  until  Prof. 
Bonney  kindly  examined  my  microscopic  slides  I  did  not  feel  certain 
on  the  point,  especially  as  I  found  the  amount  of  silica  to  be  unu- 
sually l^rge  and  more  than  is  generally  found  in  syenites. 

On  the  south  bank  of  the  Orinoco  river  the  syenite  extends  some 
50  miles  east  of  the  port  of  Las  Tablas,  and  about  90  miles  west,  as 
far  as  the  city  of  Bolivar,  near  which  place  a  granitoid  rock  appears, 
and  further  west  a  true  granite. 

Having  left  the  river,  **  the  road"  ♦  takes  a  south-easterly  direc- 
tion, and  passes  over  about  two  miles  of  tableland,  the  rocks  being 
syenitio  and  the  same  as  those  found  at  Las  Tablas. 

An  open  plain,  called  by  the  natives  *'  sabanah,"  has  then  to  be 
crossed,  and  a  change  in  the  rocks  occurs.  The  rock  is  of  a  greyish- 
white  colour,  and  consists  of  felspar,  quartz,  mica,  and  a  little  oxide 
of  iron  ;  it  contains  71*50  per  cent,  silica,  and  2*75  per  cent.  in)n= 
peroxide  3*57  per  cent. 

*  I  call  *•  the  road  "  the  course  taken  by  myself  from  the  river  to  the  interior. 
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The  Fock  may  be  called  a  "  highly  fekpathic  granite."  Leaving 
the  sahanah,  vrhich  extends  about  six  miles  in  width,  the  tropical 
forest  commences  and  continues  until  the  town  of  IJpata  is  reached. 

About  two  miles  beyond  the  commencement  of  the  forest  a  beautiful 
granitoid  rock,  full  of  garnets,  takes  the  place  of  the  felspathic  gra- 
nite. It  contains  48*50  per  cent,  silica,  and  11*50  irons=  peroxide 
14*95  per  cent.  This  rock  is  found  for  about  4  miles,  and  fidso  near 
a  ranch  called  San  Juan.  At  the  crossing  of  the  Upata  river  rocks 
of  a  schistose  micaceous  character  are  met  with.  They  are  of  a 
white  colour  vrith  dark  specks,  and  consist  of  quartz,  felspar,  and 
mica.  These  rocks  are  then  followed  to  Las  Corales  (552  feet  above 
sea-level,  see  PI.  XXXIII.),  the  road  still  winding  its  way  through 
the  forest. 

At  Las  Corales  a  change  in  the  rock  is  found,  and  highly  felspathic 
granite  again  comes  in.  No  change  of  decided  character  in  the  rock 
is  found  until  the  village  of  Alta  Gracita  is  reached.  The  rock  on  the 
summit  of  the  mountain-pass  (of  the  mountain  called  Moyori)  is 
found  to  contain  much  less  mica  than  at  the  base  of  the  mountain  ; 
but  as  the  rock  on  the  pass  is  highly  weathered,  no  great  attention 
was  paid  to  the  fact.  The  last-named  pass  is  the  lughest  point  in 
elevation  but  one  found  in  my  section,  being  1298  feet  above  sea- 
level. 

About  a  quarter  of  a  mile  S.E.  of  Alta  Gracita  large  masses  of 
ferruginous  quartzite  are  met  with,  and  in  places  they  are  found  to 
be  stratified.  Haematite  and  magnetic  iron-ores  of  great  purity 
occupy  more  than  two  miles  in  length.  In  places  pyrrhotite  is  met 
with ;  the  bronze-yellow  and  copper-red  colour  on  the  fresh  fiticture 
of  the  mineral  is  suficient  to  distinguish  between  it  and  pyrite 
without  the  aid  of  a  magnet. 

Upon  approaching  the  old  Spanish  town  called  Upata,  situated  on 
the  Upata  river  (a  stream  that  finds  its  way  into  the  Orinoco),  and 
1165  feet  above  sea-level,  a  change  of  rock  occurs.  The  rock  is  a 
crystalline  one  and  consists  of  rather  irregularly  formed  grains  of  a 
felspar  and  a  greenish  mineral.  Prof,  Bonney  pronounces  it  to  be 
igneous,  and  cdls  it  a  quartz  diorite. 

Continuing  the  journey  in  a  south-easterly  direction,  the  quartz 
diorite  extends  about  eight  miles,  when  a  ferruginous  quartzite 
comes  in,  and  extends  for  nearly  ten  miles. 

Some  stones  taken  as  an  average  sample  were  found  to  contain, 
by  analysis,  silica  50  per  cent.,  iron  35*00  per  cent.  ==peroxide  45*50 
per  cent.  For  several  miles  these  deposits  of  haematite  were  found 
stratified,  having  a  S.E.  strike  and  dipping  S.W.  at  an  angle  of  70^. 
Large  masses  of  pure  magnetic  iron-ore  were  also  found ;  and  a  large 
area  comprising  from  seven  to  eight  miles  was  found  composed  of 
the  mixed  iron-ores. 

On  approaching  the  base  of  the  mountain  called  Ma^o  Piedra,  the 
quartzite  contains  but  a  small  quantity  of  iron,  and  finally  gives 
way  to  a  belt  of  about  half  a  mile  in  width  of  quartz  breccia  made 
up  of  very  coarse  angular  fragments.  The  breccia  is  then  re^aced 
by  a  beautiful  granite  consisting  of  pink  quartz,  mica,  and  felspar. 
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The  mountain-pass  oyer  Mano  Piedra  is  1441  feet  in  height. 
Granite  continues  for  about  five  miles,  when  a  dike  of  basalt  about 
one  mile  in  breadth  is  found  on  the  S.E.  side  of  the  mountain.  Near 
the  base  of  the  mountain  quartz  breccia  is  again  met  with,  and  is 
ahont  two  miles  in  width,  and  of  a  similar  character  to  that  found 
at  the  N.W.  base.  A  schistose  granite  is  now  found  consisting 
of  white  quartz,  felspar,  and  mica.  At  the  farmhouse  of  La 
Florida  (see  Map)  a  stratum  of  slato-rock  of  a  reddish  colour,  mode- 
rately weathered,  but  much  altered,  crops  up,  having  an  east  and 
west  strike,  and  dipping  nearly  vertical,  but  having,  if  any  thing,  a 
slight  inclination  to  the  south.  Near  the  above  is  found  a  large 
quartz  vein,  containing  pyrite,  which  is  often  decomposed.  No 
minerals  of  value  have  been  found  in  it  so  far.  Proceeding  still  in 
a  S.E.  direction,  the  rock  is  again  found  to  be  granite,  but  having  a 
schistose  character.  Large  veins  of  quartz  resembling  reefis  are 
found  about  every  half-mile,  and  the  quartz  fragments  are  scat- 
tered to  such  a  great  extent  over  the  hills  and  valleys  that  travelling, 
even  on  foot  or  on  horseback,  becomes  tedious  as  woU  as  dangerous. 
The  country  is  now  more  open,  very  few  large  trees  are  met  with, 
and  but  little  vegetation  is  seen. 

Granite  still  continues. 

Upon  reaching  the  Carichapo  river  dose  to  the  farmhouse  called 
Oandelaria  (see  Map  and  section),  a  belt  of  coarse  slaty  rocks  about 
one  mile  in  thickness  is  found  cropping  out,  having  an  E.  and  W. 
strike  and  a  slight  dip  to  the  S.  From  Oandelaria  to  a  farmhouse 
called  Platanal,  a  distance  of  about  twenty-four  miles,  a  greyish- 
white  granite  prevails,  and  in  it  are  numerous  quartz  veins.  At 
present  none  of  them  have  been  found  to  contain  any  of  the  precious 
metals. 

For  about  one  half  the  latter  distance  the  road  goes  through  the 
forest.  Leaving  Platanal  (961  feet  above  sea-level)  the  grejish-white 
granite  is  still  found,  and  continues  until  the  farm  of  Cunuri  is 
reached. 

Cunuri  is  783  feet  above  sea-level,  and  is  distant  about  twelve 
miles  from  Platanal.  The  road  has  a  gradual  descent  from  the  latter 
place  over  an  open  rolling  country  composed  of  granite,  in  which 
barren  quartz  veins  are  numerous.  Near  Cunuri  a  small  belt  of 
mica-schist  is  found  dipping  nearly  vertical,  and  having  an  E.  and 
W.  strike.  A  small  belt  of  gneiss  is  now  met  with.  Adjoining  it 
is  a  narrow  belt  of  quartzit«  of  a  highly  indurated,  saccharoidal 
character. 

From  Cunuri  to  the  old  Jesuit  mission  village  called  Quacipati 
the  same  greyish-white  granite  is  the  predominant  rock ;  but  about 
a  quarter  of  a  mile  on  the  N.W.  side  of  the  town  granite  disappears 
and  a  fine-grained  gneiss  takes  its  place.  It  contained  silica  72*50 
per  cent.  About  one  mile  to  the  S.E.  of  Quacipati,  granite  reappears 
and  continues  to  the  Yuruari  river.  The  Yuruari  is  one  of  the 
main  branches  of  the  Essequibo  river,  which  empties  itself  into  the 
Atlantic  Ocean  near  Georgetown,  Dcmerara  (British  Guayana).  On 
each  side  of  the  river  (Yuruari)  is  found  a  stratum  of  coarse  slaty 
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rooks,  highly  fbtrugmoiifi  and  mnoh  altered.  The  extent  of  ihe  same 
is  not  oyer  a  quarter  of  a  mile  in  width,  and  then  a  rock  is  fbnnd 
with  a  green  and  dullish  hlack  crystalline  mineral,  and  carrying  a 
small  quantity  of  iron  sulphides.  It  contains  51*15  per  cent,  silica. 
The  specimens  which  I  was  able  to  collect  are  considerably  wea- 
thered, but  the  characteristic  features  are  those  of  gabbro.  It  con- 
sists of  saussurite  and  diallage,  and  is  sometimee  coarse-grained, 
fine-grained,  or  compact.  When  polished  it  has  both  a  slaty  and  a 
spotted  appearance.  Prof.  Bonney  states  that  the  specimen  I  sent 
him  for  examination  **  has  once  been  a  gabbro." 

Within  one  mile  of  the  Potosi  Company's  office  the  gabbro  ^Tes 
way  to  a  greenish- coloured  rock,  very  compact  and  fine-grained, 
consisting  of  felspar,  augite,  and  chlorite,  and  containing  small 
quantities  of  magnetic  iron,  also  traces  of  iron  and  copper  sulphides. 
The  rock  has  been  called  a  diabase. 

To  show  the  effect  of  weathering  and  the  chemical  difference 
produced  in  the  composition  of  this  rock,  I  have  had  three  com- 
plete analyses  made  from  one  stone ;  and  as  the  three  different  por- 
tions analyzed  show  distinct  lines  of  alteration,  and  as  they  are  all 
from  one  compact  stone,  the  results  hare  prored  of  interest 

Three  analyses  made  from  tme  piece  ^f  diabase  roekf(m$ui  ai  ih4  Pth- 
iosi  Compaw/s  Mines  {Spanish  Onayantti  Venezuela,  8.  A.),  U 
show  the  difference  in  chemical  eon^Mmtion  between  the  por^mis 
weathered  and  iheporHon  unaltered* 

Unaltered.  Weathered.  Weathered. 

SiHca  49-67  4177  43-46 

Alumina 16-37  1934  18-39 

Peroxide  of  iron 13*21  20-48 

Protoxide  of  iron    12-34  4-63 

Protoxide  of  manganese  ....  traces.  traces.  traces. 

Copper traces.  traces.  traces. 

Lime    9-65  4-98  2-37 

Magnesia i 7-41  5-01  3-46 

Potash 0-85  0-69  0-59 

Soda    1-99  0-83  0-14 

Sidphur trace.  trace.  trace. 

Chlorine trace.  trace.  trace. 

Phosphoric  acid none.  none.  none. 

Water  (combined)   3-10  7-30  7*95 

Water  (hygroscopic) 0-17  2-55  3-39 

100-46  100-31  100-18 

N.B.  The  above  analyses  were  made  at  the  Hctalluigical  Labo- 
ratory at  the  Royal  School  of  Mines,  Jeihmyn  Street 

The  loss  of  silica  resulting  from  weathering  compared  with  the  sta- 
bility of  alumina  shows  tbat  silica  is  much  more  liable  to  atmospheric 
action  than  alumina. 
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The  iron  which  eziBts  in  rocks  contains  more  oxygen  when  the 
rocks  have  been  exposed  to  the  atmosphere,  or  when  they  occur  near 
the  siirface,  than  when  the  rooks  are  found  some  depth  below  the 
surface  and  sheltered  from  the  weather.  The  unaltered  rock  con- 
tained 12*34  per  cent,  of  protoxide  of  iron  and  no  peroxide,  whilst 
the  highly  weathered  contained  no  protoxide  but  all  peroxide. 

lime  shows  itself  to  be  readily  soluble,  the  unaltered  rock  having 
contained  9*65  per  cent,  of  lime  and  the  highly  weathered  only  2-37 
per  cent. 

Magnesia  also  is  proved  to  be  readily  carried  away  by  the  wea- 
thering, but  not  in  the  same  ratio  as  the  lime* 

Potash  and  soda  are  very  sensitive  to  weathering,  but  soda  much 
more  so  tiian  potash. 

The  quantity  of  combined  as  well  as  the  hygroscopic  water  in  the 
unaltered  and  the  weathered  and  highly  weathered  portions  proves 
that  rocks  contain  a  larger  quantity  of  water  both  combined  and  un- 
wmhined  when  they  are  exposed  to  the  atmosphere  than  when  they 
are  sheltered  from  its  influences. 

The  diabase  rock  occupies  a  large  area,  and  in  it  are  found  the 
^Id-producing  veins  of  the  Caratal  mining-district.  The  veins  are 
tery  quarttose  and  numerous,  and  all  contain  gold ;  but,  owing  to 
the  present  high  rate  of  wages  and  the  great  cost  of  procuring  sup- 
plies ftoiSa.  the  Orinoco  river,  only  eight  or  nine  of  the  richest  are 
now  being  Worked. 

The  Chile  vein  is  one  of  the  principal  ones ;  and  it  has  been  traced 
about  one  mile  in  length.  It  has  a  dip  of  55^  to  the  south,  and  an 
E.  and  W*  strike ;  it  averages  in  thickness  about  4  feet,  and  is  a  tme 
fissure  vein.  The  yield  of  gold  at  200  feet  in  depth  gave  between 
five  and  six  ounces  of  standard  gold  to  the  ton  (2000  lb.),  whilst 
near  the  surface  it  only  turned  out  about  one  ounce  per  ton.  A 
large  quantity  of  gold  was  extracted  in  the  form  of  nuggets  and 
small  grains  by  waging  in  wooden  bowls  (bateas)  the  alluvial  soil 
in  the  vicinity  of  the  outcrops.  The  present  yield  of  gold  from  the 
Caratal  and  Las  Pastora  mining-districts  is  about  130,000  ounces 
per  annum ;  but  it  is  rapidly  increasing  as  the  country  is  becoming 
more  populated. 

About  80  miles  due  west  from  Potosi  a  new  district  has  lately  been 
opened ;  large  quantities  of  gold  nuggets  have  been  found  close  to 
tne  BUtikce  in  the  aUuvial  soil,  and  gold-bearing  veins  have  been 
discovered  Hear  the  washings.  The  rock  is  diabase  and  similar  to 
that  of  the  Caratal  district. 

Conclusion. — It  is  a  remarkable  fact  that  although  quartz  veins 
9te  found  in  great  numbers  all  the  way  from  the  port  of  Las  Tablas  to 
the  Caratal  mining-district,  yet  none  of  them  have  so  far  been 
found  to  contain  the  precious  metals,  i,  e.  in  any  appreciable  quantity, 
until  the  diabase  is  met  with. 

All  the  rocks  analyied  show  a  higher  percentage  of  siUca  than  is 
genetally  found. 

The  independent  examination  made  by  Prof.  Bonney,  from  micro* 
tcopical  ieciions  alone,  as  to  the  character  of  the  rocks  agrees  closely 
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witii  the  observations  made  by  myself  in  the  field,  and  also  with  the 
analyses  prerioosly  alladed  to. 

It  is  not  improbable  that  many  minor  details  are  omitted  in  my 
section,  considering  the  difficulties  under  which  ihe  observations  were 
made,  my  sole  object  being  to  explain  the  general  geological  featores 
of  a  comparatively  little-known  district. 


Note  on  some  'BUxsKafrom  South  Amebica. 
By  the  Bev.  Pwf .  T.  G.  Bohkby,  M.A.,  F ja.S.,  Sec  G.S. 

1.  (Near  Potosi,  p.  586.)  This  rock  has  been  mndi  altered.  The 
following  constitnents  are  present: — (a)  crystalline  grains  composed 
of  earthy-looking  granules  and  minute,  rather  fibrous  microliths, 
showing  light  colour  with  the  two  Nicols,  being  one  of  the  decompo- 
sition pseudomorphs  after  felspar,  often  caUed  saussurite ;  (6)  angite 
and  diallage,  more  or  less  converted  into  hornblende  and  a  chloritio 
mineral ;  (e)iron  peroxide,  probably  ilmenite ;  (d)  a  little  apatite.  The 
general  aspect  of  the  saussuritic  grains  suggests  that  the  felspar  has 
been  plagiodastic.  Of  the  p3^xenic  mineral  the  greater  part  is 
altered,  being  converted  into  hornblende  with  strong  dichroism  and 
very  characteristic  cleavage,  associated  with  which  are  smaller  more 
fibrous  forms,  some  of  which  are  probably  varieties  of  hornblende, 
others  rather  more  resemble  chlorite.  Portions  of  the  diallage  and 
augite  remain  unchanged  in  many  of  the  grains ;  both  minerals  i^ 
pear  to  be  present.  One  or  two  serpentinous-looking  aggregates 
may  possibly  replace  olivine.  We  may  venture  to  say  tiiat  the  rode 
has  once  been  a  gabbro,  in  which  the  pyroxenic  constituent  has 
been  almost  wholly  converted  into  hornblende,  as  has  not  sddom 
happened*. 

2.  (Quacipati,  p.  585.)  The  groimd-mass  of  the  rock  consists 
chiefly  of  minute  grains  of  quartz,  looking  as  if  fused  together,  in 
this  are  scattered  many  small  grains  of  epidote  and  scales  (A  mica. 
Of  the  latter  there  appear  to  be  two  kinds — one  having  its  darkest 
tint  an  olive-green,  rather  strongly  dichroic ;  the  other  nearly  colour- 
less, and  showing  brilliant  tints  with  the  two  Nicob,  rather  like  para- 
gonite ;  indeed  these  two  types  of  mica  are  common  in  the  granitoid 
gneiss  of  the  St.  Gothard.  In  this  ground-mass  are  several  cr3rstal- 
Hne  grains,  not  very  clearly  defined  in  outline,  and  containing  the 
epidote  and  mica-granules.  One  or  two  rather  resemble  kyanite ; 
but,  as  far  as  I  can  make  out,  they  are  only  felspar,  and  two  or  three 
suggest  plagioclase.  The  rock  is  a  metamorphic  one,  a  kind  of  fine- 
grained gneiss. 

3.  (Conuri,  p.  585.)  Consists  mainly  of  hornblende  grains  rather 
irregular  in  form,  with  characteristic  cleavage  and  strong  dichroism ; 
but  associated  with  these,  and  apparently  partially  repUced  by  them, 
is  a  mineral  which,  from  absence  of  dichroism  and  general  aspect, 
more  resembles  decomposiog  augite.  There  are  a  good  many  grains 
of  quartz  and  some  of  decomposing  felspar.  The  rock  appears  to  be 
a  hornblende  schist  with  but  slight  traces  of  foliation. 

*  Quart.  Journ.  (>9ol.  Soo.  rol.  xxxiii.  p.  896. 
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4.  (Cnnari,  p.  585.)  A  gneiss,  though  but  little  foliated:  consistB 
of  quartz,  felspar,  mica,  and  epidote,  with  a  little  sphene,  iron 
peroxide,  and  a  few  other  microlifiis.  The  quartz  is  rather  free 
from  cayities  and  enclosures,  what  there  are  being  yery  minute. 
The  felspar  is  in  rather  irregular  grains ;  orthodase  appears  to  pre- 
dominate, some  showing  cross-hatched  structure.  Several  grains 
of  felspar  show  twinning,  by  a  series  of  rather  faint  bands  of  a 
darker  tint.  The  mica  appears  to  be  biotite.  One  or  two  of  the 
microliths  may  be  apatite,  others  are  short  belonites  of  a  very 
pale  greenish,  almost  colourless,  mineral  (?  hornblende) ;  there  are 
also  a  few  specks  of  a  secondary  mineral,  probably  zeolitic.  In 
geuMtd  microscopic  character  this  rock  resembles  a  slide  in  my 
collection  from  a  specimen  collected  at  Godhaven,  Disco  Island,  and 
its  aspect  is  one  which  I  have  often  noted  in  very  ancient  rocks. 

5.  (Mano  Piedra,  p.  585.)  A  basalt;  small  crystals  of  plagio- 
clase  and  clustered  grains  of  augite,  with  iron  peroxide,  mostly 
ilmenite.    I  do  not  see  any  olivine. 

6.  (Between  Upata  and  Mano  Piedra  mountain,  p.  584.)  A  ferri- 
ferous quartzite,  consisting  of  subangular  grains  of  ratiier  dear 
quartz  and  of  opaque  iron  peroxide,  probably  magnetite  and 
ilmenite,  in  proportion  of  about  two  to  one.  Some  of  the  smaller 
grains  of  peroxide  are  induded  in  those  of  quartz ;  the  larger  occupy 
interstices  and  are  more  irregular  in  form  than  the  latter.  A  few 
of  the  little  colourless  microliths  mentioned  above  (4)  are  present 
in  the  quartz,  as  well  as  some  tufted  trichites.  A  fair  number  of 
minute  cavities  are  to  be  seen  in  the  quartz ;  they  seem  not  to  contain 
any  fluid. 

7.  (Upata,  p.  584.)  A  crystalline  rock  consisting  chiefly  of  rather 
irregularly  formed  grains  of  a  felspar  and  a  greenish  mineral.  The 
fomer  is  generally,  ^  not  always,  a  dosely  twinned  plagiodase,  and  is 
remarkable  for  containing  very  numerous  microliths ;  these  are  pris- 
matic in  form,  resembling  prisms  of  the  monodinic  system,  but  gene- 
rally a  little  distorted,  so  that  it  is  difficult  to  ascertain  the  exact  shape 
of  the  section*;  they  are,  on  an  average,  about  '01  in.  in  length,  and 
four  or  five  times  as  long  as  broad.  As  a  rule,  they  are  arranged  paral- 
lel to  a  twinning  plane,  and  so  probably  lie  in  the  brachydiagonal. 
The  green  mineral  is  rather  intermediate  in  character  between  augite 
and  hornblende ;  it  is  in  irregular  rounded  grains  f ;  in  texture  it  seems 
intermediate  between  fibrous  or  platy  and  granular,  approaching  in 
some  respects  to  epidote ;  the  cleavage  is  rather  imperfect  and  not 
very  characteristic,  on  the  whole  perhaps  rather  nearer  that  of 
augite,  and  is  sometimes  platy,  rather  like  diallage.     The  mineral 
is  very  distinctly  didiroic,  sections  roughly  basal  being  pale  brown, 
roughly  prismatic  pale  olive-green ;  the  latter  changes  little  in  tint ; 
the  former  takes  almost  that  of  the  other  section,  when  the  plane 
of  polarization  of  the  transmitted  light  is  changed.    This  mineral 
occurs  in  a  slide  of  edogite  from  Eppenreuth  in  my  collection,  and 

*  Similar  microliths  occur  in  a  felspar  in  no.  4,  and  in  one  in  a  gneiss  from 
Ceylon  in  my  collection. 

t  In  two  or  three  cases  the  grains  seem  to  bare  imperfectly  dereloped  angles. 

aJ.G.S.  No.140.  2  s 
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is  probably  omphaoite ;  irregolar  grains  of  ircm  peroxide  are  also 
present,  with  quartz  and  a  little  apatite.  Macroscopically  this  rotk 
closely  resembles,  and  microscopically  is  almost  identical  with,  one 
in  my  collection  brought  from  Holsteinburg  in  South  Grerailand  by 
Mr.  P.  H.  Carpenter,  and  is  nearly  related  to  a  specimen  (locality 
unknown)  giyen  to  me  by  Prof.  Bupert  Jones.  The  structure  is 
rather  abnormal ;  but  I  think  it  must  be  an  igneous  rock,  and  ^ms 
is  a  yariety  of  quartz-diorite. 

8.  (Puerto  de  Tablas,  p.  582.)  A  crystalline  rock  consisting  diiefly 
of  felspar  with  some  quartz  and  a  dark  green  mineral.  The  greater 
part  of  the  slide  is  yery  characteristic  microdine,  with  numerous  wary 
fibres  of  interbanded  albite,  as  figured  by  Des  Cloiseaux*.  Minute 
enclosures  are  present,  some  opacite,  some  hornblende  (?)  microliths 
or  opaque  belonites,  commonly  arranged  so  as  to  cross  at  ang^ 
of  about  60^,  and  roughly  biBected  by  the  albite  bands.  The  green 
mineral  is  very  dark  in  colour,  fairly  strongly  dichrmc,  and  shows 
one  yery  decided  cleavage ;  it  seems  rather  altered,  and  perhaps  is 
partly  replaced  by  a  chloritic  mineral ;  but,  though  not  yery  cha- 
racteristic, it  is  probably  hornblende.  There  are  some  grains  of  iron 
peroxide  (some  being  haematite),  and  ferruginous  stains  are  firequent ; 
also  two  or  three  grains  of  epidote  and  a  little  apatite  (?).  The  nx^ 
appears  to  be  of  igneous  origin,  and  so  is  a  microdinio  syenite. 

9.  (Potosi  Mines,  p.  586.)  Much  decomposed,  but  i^pear  to  have 
consisted  of  pkgioclase  felspar,  augite,  and  ilmenite :  the  felspar  is  now 
replaced  by  a  saussuritic  mineral ;  the  augite  rather  decomposed, 
stained,  and  replaced  by  groups  of  microliths ;  the  ilmenite  also  much 
decomposed.  The  rock  evidently  has  been  a  fine-grained  dolerite,  and 
for  convenience  may  now  be  roughly  grouped  with  the  diabases. 

♦  Zeitflchr.  deutsoh.  geoL  Q^sellBch.  (1875X  voL  xxrii.  p.  966.  Not  being  at 
the  time  familiar  with  the  aspect  of  miorooiine,  I  submitted  this  speoimeQ  to 
T.  Daviee,  Esq.,  F.G.S.  (to  whose  extensiYe  knowledge  of  minerals  I  have  so 
often  been  indebted),  and  he  pronounced  it  undoubtedly  miorocline. 
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46«  On  the  DnroaAUBiA  of  the  Cakbbilbm  Qbsmsbaxj).  By  Professor 

H.  G.  BMtBT,  P.R.B.,  F.G.8.    (Bead  December  18, 1878-) 

[Plates  XXXIV.,  XXXV.] 

Iktboduotobt  Note. 

Thx  remains  of  Dinosaurs  were  for  many  years  very  rarely  met  with 
in  the  Cambridge  Upper  Greensand ;  and  several  important  parts  of 
the  skeleton  have  never  yet  been  found.  But  a  considerable  collec- 
tion of  more  than  600  bones  is  now  preserved  in  the  Woodwardian 
If  nseum  alone ;  and  since  the  greater  number  of  these  fossils  have 
been  discovered  in  larger  or  smaller  sets  of  naturally  associated 
remains,  each  of  which  is  obviously  a  portion  of  the  skeleton  of  a  single 
individual,  they  afford  evidence  on  which  it  is  possible  to  establuh 
many  species  which  belong  to  several  genera.  Occasionally  the 
series  of  remains  is  sufficiently  large  to  give  grounds  for  a  con- 
jectural reconstruction  of  the  animal;  but  more  frequently  the 
bones  are  limited  to  a  few  caudal  vertebrae ;  and  even  the  Larger 
sets  of  associated  bones  come  chiefly  from  the  caudal  and  sacral 
regions  of  the  vertebral  column.  With  the  exception  of  Maeruro^ 
saurus,  already  described*,  and  also  known  from  a  long  sequence 
of  large  caudal  vertebrse,  all  the  remains  indicate  animals  of  small 
or  of  moderate  size,  varying  between  the  magnitudes  of  a  sheep 
and  an  ox.  The  majority  of  the  species  were  characterized  by  pos- 
sessing comparatively  short  tails ;  though  one  animal,  at  least,  had 
a  tail  in  which  the  vertebrae  were  more  than  usually  elongated. 
These  remains  possess  a  peculiar  interest  in  being  the  latest  Imown 
representatives  of  the  Dinosauria  in  British  geological  deposits  ;  and 
they  help  to  define  the  limits  within  which  the  osteological  structure 
of  the  order  varied  and  persisted  in  that  organic  type. 

The  literature  of  British  Upper  Cretaceous  Dinosauria  is  very 
scanty.  Professor  Owen,  in  1860,  figured  in  the  Palseontographical 
Society's  monograph  (2nd  Suppl.  to  Iguanodon^  pi.  vii.  figs.  15-17) 
two  Dinosaurian  teeth  from  the  Cambridge  Ghreensand,  one  of  which 
resembled  Hadrosaurus,  while  the  other  was  like  Iguanodon.  I  have 
never  seen  either  specimen,  and,  so  far  as  I  am  aware,  no  other 
Dinosaurian  teeth  have  ever  been  met  with ;  they  were,  I  believe, 
the  property  of  Mr.  Beddome,  of  Trinity  College,  who,  when  at 
Cambridge,  made  considerable  collections  of  vertebrate  fossils.  These 
teeth  would  now  be  invaluable,  because  I  am  not  acquainted  with 
any  English  Greensand  skeleton  which  I  should  be  disposed  to 
identify  with  either  Iguanodon  or  Hadrosaurus ;  and  the  teeth,  with- 
out actually  pertaining  to  those  genera,  may  perhaps  indicate  the 
directions  of  the  af^ities  of  some  of  the  Cambridge  species.  The 
next  contribution  to  knowledge  is  Professor  Huxley's  classical  paper 
on  Acanihop7u>li8,  from  beds  just  above  the  Greensand  at  Eolkestonef. 
*  Quart.  Joum.  GeoL  Soo.  toI.  xxxii.  p.  440.      t  Geol.  Mag.  toI.  ir.  p.  66. 


Digitized  by 


Google 


592  PBOV.  H.  e.  81BLXT  OH  TEI  DDTOSAUBIA  OV 

That  brief  memoir  dearly  sets  forth  the  leading  oharacteristiQi  of 
an  armoured  genus  whicii  is  well  represented  at  Cambridge.  It 
may,  perhaps,  hare  been  that  other  Binosaors  were  protected  bj 
armour  undistinguishable  from  that  of  AcanihopKoUSf  and  that  aosM 
of  the  Cambridge  Dinosaurs  were  not  weighted  with  tiieae  dermal 
plates.  There  is,  I  think,  evidenoe  to  show  that  the  plates  wen 
arranged  in  some  of  these  species  in  one  median  row  placed  ow 
the  neural  spines  of  the  vertebne,  with  lateral  rows  of  plates,  whiok 
I  infer  to  have  been  relatively  few  and  large,  and  placed  somewhat 
after  the  manner  of  the  scutes  of  a  Crocodile*,  but  in  the  tail  and 
limbs  to  have  conformed  to  the  plan  of  the  land  Chclonia. 

As  doubts  have  from  time  to  time  been  expressed  as  to  whethsr 
some  of  the  fossils  of  the  Cambridge  Greensand  might  not  have  been 
derived  from  the  waste  of  underlying  deposits  during  its  aocumo- 
lation,  and  consequent  uncertain^  has  been  freely  expressed  bj 
some  writers  as  to  the  possibility  of  bones  collected  from  day  to  day 
being  naturally  associated  portions  of  the  remains  of  one  anim^l^^  it 
may  perhaps  here  be  useful  to  state  once  for  all  what  the  evidence 
is  upon  which  the  association  of  these  vertebrate  fossils  b  aooepted 
as  a  basis  for  specific  and  generic  characters.    Almost  every  phos- 
phatite  digging  presents  fossils  with  a  mineral  character  peculiar  to 
the  locality,  so  that  a  trained  observer  who  has  carefully  watched 
these  worlongs  for  years  finds  it  possible  to  identify  the  localities 
of  many  specimens  on  this  evidence  almost  with  certainty;  %M 
the  chances  of  imposition  by  wilfdl  deception  are  smalL    Then,  in  the 
cases  of  some  Ple^osaurs  and  Ichthyosaurs,  I  have  been  present  at 
the  workings  when  associated  portions  of  skeletons  have  been  fonnd, 
so  that  I  can  state  from  my  own  knowledge  that  naturally  associ- 
ated portions  of  single  animals  are  met  with ;  and  often  we  have 
had  to  wait  for  months  for  the  neck  of  an  animal  of  which  the  body 
b^  been  found,  until  the  overlying  rock  was  removed  so  ihtt  tiie 
bones  could  be  collected.    The  circumstance  that  private  oolleoton 
rarely  obtain  associated  set^  of  bones  is  explained  by  the  necesHzty 
of  being  on  the  spot  and  watching  the  workings  several  times  a  day, 
so  as  first  to  obtain  the  bones  direct  from  the  diggers,  and,  secondly, 
to  obtain  any  that  the  diggers  may  have  overlooked,  after  the  phos- 
phatic  nodules  have  been  washed  in  the  mills,  when  the  fossils  are 
detected  if  they  are  strong  enough  to  resist  attrition.  Eor  a  long  tiine 
associated  series  were  limited  to  portions  of  one  region  of  the  body, 
because  the  collector  was  content  with  the  produce  of  a  single  wadiing; 
and  it  was  not  untO  Mr.  William  Farren  employed  Mr.  Pond,  an 
experienced  foreman  of  phosphatite-washers,  to  devote  his  whole  tiine 
to  visiting  the  phosphatite-washings  about  Cambridge,  with  tiw 
purpose  of  collecting  the  whole  of  ^e  fossil  Yertebrata,  that  it  was 
proved  that  the  bulk  of  the  remains  occur  as  naturally  associated 

*  A  brief  account  of  some  876  Dinosaunaa  bones  from  the  Oambridgv 
Greensand  is  siven  in  my  *  Index  to  Fossil  Bemaxns  of  Ares,  Ornithoaaona, 
and  Beptilia,'  1869,  pp.  xrii,  18-24.  The  bulk  of  the  remains  wen  tbss 
referred  to  three  new  species  of  Jcanik&pholis ;  and  since  that  date  the  Mderm* 
rotaurm  semnua  has  been  described  and  figured  in  the  Journal  of  this  Sodeif. 
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portioiiB  of  BkeletoDS  of  single  ammals,  and  that  scattered  or 
isolated  bones  are  comparatively  rare.  It  rarely  happens  that  any 
pit  yields  more  than  three  or  four  skeletons.  These  are  almost 
always  of  different  species;  they  generally  occur  at  considerable 
intervals  of  time ;  and  if  an  animal  happens  to  lie  in  the  line  in 
'which  the  rock  is  being  worked  its  remains  are  collected  in  a  few 
minutes,  while  if  it  is  at  right  angles  to  the  working  it  will  have  to 
be  watched  for  bit  by  bit  as  i^e  excavation  progresses.  In  ar- 
ranging these  Dinosaurian  and  other  fossils  in  the  Woodwardian 
Ifuseum,  I  have  occasionally  had  to  reject  an  accidental  Ichthyo- 
saurian  or  Plesioeaurian  fragment  found  with  a  Dinosaur ;  but  I 
hardly  ever  remember  evidence  of  two  Dinosaurian  skeletons  being 
mixed  together.  And  when  this  has  occurred  the  circumstance 
could  be  traced  to  the  fossils  having  been  indiscriminately  purchased 
and  mixed  by  the  engineer  at  the  works,  or  only  collected  after 
having  been  triturated  in  the  mills. 

There  is  no  doubt  that  some  of  the  bones  in  the  Cambridge 
Oreensand  have  suffered  from  attrition,  and  it  is  probable  that  the 
apparently  worn  condition  of  the  bones  has  led  to  the  belief  that 
they  were  derived  from  some  older  formation ;  but  not  only  b  a 
similar  fiGiuna  unknown  in  any  older  formation,  but  it  occurs  well 
developed  on  this  horizon  at  Gosau,  in  Austria.  Moreover,  the  bones 
are  much  less  worn  than  is  often  the  case  with  specimens  from  the 
Wealden  deposits  of  Sussex ;  and  no  one  has  ever  suggested  that  the 
Wealden  fossils  are  derivative.  And  in  so  far  as  the  Cambridge 
Greensand  specimens  are  worn,  it  is  probable  that  the  greater  part  of 
the  abrasion  has  been  produced  in  the  washing-mills  at  the  several 
diggings  after  the  specimen  had  been  dug  out  frx>m  the  bed.  In 
many  cases,  however,  this  explanation  will  not  apply ;  and  bones 
occur  which  have  roughened  edges,  roughly  fractured  surfaces,  and 
considerable  holes  penetrating  into  their  substance.  These  circum- 
stances led  me  to  institute  experiments  on  the  effects  of  exposure  of 
bones  to  the  air  and  subsequent  maceration  as  influencing  their  con- 
dition of  preservation ;  and  I  have  found  the  articular  ends  especially 
to  suffer  frt>m  exposure,  while  under  maceration  the  bones  become 
so  brittle  that  they  are  fractured  with  slight  movement.  In  the 
case  of  land  animals,  such  as  Dinosaurs,  both  these  conditions  may 
well  have  exercised  an  influence ;  and  what  has  hitherto  been  re- 
garded as  evidence  of  wear  seems  to  me  better  explained  in  this 
way.  Many  associated  bones  are  decomposed,  past  all  recognition, 
on  the  exposed  neural  surfaces ;  while  the  ventral  surfaces  which 
rested  on  the  sea-bed  yield  valuable  distinctive  characters. 

I  venture  now  to  submit  to  the  Geological  Society  some  account  of 
the  structure,  affinities,  and  systematic  position  of  this  Dinosaurian 
fauna  ;  and  I  desire  to  express  my  gratefiil  sense  of  the  kindness  of 
Prof.  Hughes  in  affording  me  facilities  for  studying  the  Wood- 
wardian Dinosaurs,  and  my  indebtedness  to  the  Council  of  the  Eoyal 
Society  for  assistance  in  carrying  on  this  investigation.  On  the 
present  occasion  I  offer  descriptions  of  a  few  only  of  the  typical 
Dinosaurs  of  the  deposit. 
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PabtI. 

N9U  on  ike  axis  of  a  Dinosaur  from  the  Cambridge  Oreensamd^ 
preserved  in  She  Woodwardicm  Mtueum  of  the  Uhiversiiy  of 
Cambridge  (&g.  1). 

The  more  important  bones  which  are  absolntely  distinotiye  of  the 
Dinosaorian  skeleton,  such  as  the  pelvis,  astragalus,  &c.,  hare  not 
been  met  with  from  the  Cambridge  Greensand ;  and  though  tiiere 
hare  been  obtained  from  that  formation  a  large  number  of  isolated 
and  associated  bones,  whidi  belong  to  several  extinct  genera,  each 
having  more  or  less  in  common  with  the  described  types  of  Dioo- 
saors  beyond  all  question  referable  to  the  group,  there  is  probaUy 
no  bone  more  characteristic  of  the  order  than  a  badly  preserved 
example  of  the  second  cervical  vertebra.  This  solitary  specimen  is 
the  result  of  more  than  a  quarter  of  a  century  of  zealous  reaeudi, 

Fig.  1. — Axis  o/Acanthopholis?,  nearly  not.  size. 
P 


o.  Odontoid  prooees. 

p.  Pedicle  of  centrum  supporting  the  neural  arch,  below  which  are  the  artica- 

lations  for  the  rib. 
pt.  Posterior  articular  ioifaoe  of  centrum. 

carried  on  by  many  collectors  under  opportunities  which  have  never 
been  surpassed;  and  therefore,  though  it  only  confirms,  under  certain 
generic  differences,  the  characters  of  the  axis  from  the  Wealden  de- 
scribed by  me  some  time  ago  *,  it  seems  worthy  of  a  brief  memorandum 
as  showing  that  the  Dinosauria  retained  this  typical  characteristic 
to  so  late  a  geological  period  as  the  Cambridge  Upper  Greensand. 

The  state  of  preservation  of  the  fossil  would  suggest  to  me  that 
it  was  probably  found  in  the  neighbourhood  of  Haslingfield.  The 
neural  arch  is  not  preserved,  and  but  little  remains  of  the  external 
hard  film  of  bone ;  but  although  this  is  lost,  and  the  cancellous  tissue 
is  almost  everywhere  exposed,  the  close  resemblance  of  its  form  to 
t^e  centrum  of  the  Wealden  axis  strongly  suggests  that  this  con- 
dition is  more  likely  to  have  resulted  from  prolonged  exposure  to 
the  air,  or  from  maceration,  coupled  perhaps  with  the  action  of  sd- 
vents  in  the  water,  than  to  have  been  produced  by  attrition,  though 
the  marks  of  wearing  are  also  observ^le.  Therefore  the  specimen 
*  Quart  Joum.  OeoL  Soc.  vol  rni.  p.  461. 
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is  more  valuable  as  an  evidenoe  of  form  of  the  centrum  than  might 
at  first  sight  appear,  obscured  though  its  surface  is  with  small 
adherent  masses  of  phosphatite,  marl,  oysters,  and  the  shelly  base 
of  a  Oorgonia-hke  polypary. 

The  striking  features  of  the  specimen  are : — (1)  the  evidence  that 
the  neural  arch  was  supported  on  pedicles  of  the  centrum  (fig,  l,p); 
(2)  that  the  upper  tubercle  for  the  rib,  usually  called  a  diapophysis, 
-was  supported  on  this  pedicle,  and  not  on  the  neural  arch  itself;  (3) 
the  form  of  the  odontoid  process,  which  is  compressed  from  below 
upward,  and  is  almost  a  third  of  the  length  of  the  vertebra  ;  (4)  the 
form  of  the  centrum,  which  is  wide  and  depressed  in  front,  and 
narrower,  deeper,  and  subhezagonal  behind ;  (5)  the  obliquity  of 
the  posterior  articulation,  which  extends  further  backward  at  its 
ventral  than  at  its  neural  border ;  and  (6)  the  absence  of  all  indica- 
tions of  a  separate  wedge-bone  element  beneath  the  anterior  articula- 
tion,— the  last  point  bmng  perhaps  the  most  interesting  of  all,  because 
the  IJpper-Greensand  Ichthyosaurs  and  Plesiosaurs  similarly  cease 
to  have  this  ossification  marked  either  by  form  or  suture  in  the  axis, 
although  it  b  a  characteristic  separate  element  of  the  skeleton  in  the 
species  which  represent  those  orders  in  the  older  Secondary  rocks. 

The  extreme  length  of  the  vertebra  is  2|  inches.  The  length 
along  lis  neural  border  is  about  2^  inches ;  but,  owing  to  the  ex- 
cavation of  a  large  vertical  space  for  the  atlas  below  the  odontoid 
process,  the  length  along  the  ventral  surface  is  only  1^  inch.  The 
neural  canal  is  smooth,  relatively  large,  and  excavated  in  the 
centrum  as^a  half-cylinder,  which  is  ^  inch  wide  in  the  hinder  part 
of  the  vertebra. 

The  anterior  articulation  for  the  atlas  is  vertical  and  subreniform, 
concavely  impressed  below  the  odontoid  process,  so  that  its  ventral 
margin  was  prominent.  This  concave  area  is  ^  inch  wide,  and 
is  margined  laterally  by  slight  eminences,  external  to  which  the  bone 
is  again  concave.  The  odontoid  process  (fig.  1,  o)  is  slightly  worn 
at  its  extremity  and  on  its  neural  surface,  but  extends  forwards  in 
a  broad  wedge  shape,  abo  compressed  from  below  upwards  to  some 
extent.  The  transverse  measurement  of  the  anterior  face  of  the 
vertebra  is  1^  inch,  while  its  vertical  measurement,  from  the 
neural  canal  downwards,  is  ^  inch. 

The  posterior  articulation,  as  already  remarked,  is  inclined  for- 
ward (i^.  1,  pt),  is  well  cupped  concavely,  is  a  regular  hexagon  in 
outline,  and  is  wider  than  the  part  of  the  centrum  anterior  to  it. 
Its  articular  margins  are  a  little  worn ;  but  it  measured  fully  an  inch 
from  the  neural  to  the  ventral  surface,  and  each  side  of  the  hexagon 
was  about  ^  inch  long. 

The  basal  surface  appears  to  have  been  fiat  from  front  to  back, 
though  its  anterior  margin  is  slightly  worn.  The  articulations  for 
the  rib  were  placed  much  as  in  the  Wealden  specimen  already  de- 
scribed (Q.  J.  G.  8.  vol.  xxxi.  p.  461),  except  that  in  the  Green- 
sand  fossil  they  are  both  relatively  rather  higher  on  the  side  of  the 
centrum,  and  the  parapop}iysis  extends  rather  nearer  to  the  anterior 
articular  margin. 
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ThiB  speoiineii  may  be  referred  proTisionally  to  Prof  Huxley's 
genus  Aeanthopholts^  though  there  is  no  certain  evidence  of  its 
generic  determination  ;  its  occurrence  would  justify  the  anticipation 
that  this  type  of  axis  will  be  found  to  characterize  all  Cretaceous 
Dinosaurs.  It  is,  howeyer,  remarkable  that  in  Zanelodon  the  rela- 
tions of  the  axis  and  the  centrum  of  the  atlas  are  entirely  Croco- 
dilian, and  that  the  forms  of  the  bones  are  so  absolutely  similar  to 
the  same  elements  in  a  Crocodile  as  to  add  a  new  element  to  the 
affinities  of  the  Dinosauria,  as  indicated  by  this  portion  of  the  yerte- 
bral  column. 

PabtII. 

On  the  Vertebral  Gharaeters  0/ Acanthopholis  horridus,  Huxley ; 
fnm  the  base  of  the  Chalk  Marl  near  Folkestone  (figs.  2  &  3). 

Prof.  Huxley's  account  of  the  remarkable  Cretaceous  Dinosaur 
named  Acanthopholis*  is  the  basis  for  all  future  comparisons  in 
estimating  the  affinities  of  the  aUied  types  which  I  am  about  to 
describe,  some  of  which  belong  to  species  of  the  same  genus,  and 
others  to  genera  all  more  or  lees  nearly  related.  The  most  striking 
of  the  remains  from  the  Cambridge  Ghreensand  are  often  portions 
of  yertebral  columns ;  and  as  the  yertebrse  of  Acanthopholis  baye 
not  hitherto  been  figured,  it  becomes  necessary  to  add  to  the  original 
description  of  the  genus  some  account  of  these  remains,  part  of 
which  are  in  the  Museum  of  the  Geological  Sunrey,  while  others  are 
in  the  British  Museum.  Ab  these  remains  were  found  at  the  same 
time  they  probably  belong  to  one  individual.  Altogether  there  ate 
hardly  more  than  six  or  eight  vertebrse,  which  give  characters  <^ 
the  dorsal  and  early  and  later  caudal  portions  of  the  series. 

Dorsal  Vertebra:. — The  dorsal  vertebra  of  AcanthcphoUs  was  briefly 
described  by  Prof.  Huxley  (Geol.  Mag.  1867,  vol.  iy.  p.  66).  It 
is  preserved  in  the  Museum  of  the  Geological  Survey. 

The  anterior  articular  end  of  the  centrum  is  2  inches  deep  from 
the  neural  canal  to  the  base,  is  vertically  ovate  in  outline,  lA-  inch 
wide  in  the  middle,  and  1^^  inch  wide  at  the  upper  part  below  the 
pedicels  for  the  neural  arch.  The  margin  of  the  centrum  is  im- 
perfectly preserved,  and  the  flattened  &ce  is  slightly  concave. 

The  length  of  the  centrum  is  2A-  inches.  The  sides  and  base  of 
the  centrum  are  rounded  from  above  downward.  There  is  a  very 
faint  median  ridge  at  the  base,  making  the  bone  less  concave  from 
front  to  back  than  at  the  sides.  The  width  of  the  middle  of  the 
centrum  from  side  to  side  ^^  1 A  'v[^<^\  and  the  width  at  the  base  of 
the  neural  arch  in  the  middle  of  the  centrum  is  1^  inch ;  the  depth 
from  the  base  of  the  neural  canal  to  the  base  of  tiie  centrum  is  1  ^ 
inch.  The  neural  canal  is  narrow  with  parallel  sides ;  in  front  ik 
is  1^-  inch  wide,  and  causes  the  centrum  to  project  slightly  below  it 
anteriorly.  The  canal  is  deeply  excavated  in  the  bone.  The  oon- 
dition  of  preservation  of  the  specimen  gives  no  indication  of  a  suture 
with  the  neural  arch,  which  probably  existed. 

*  Geol.  Mag.  1867,  vol.  iv.p.  66. 
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Early  Caudal  Vertebra  (fig.  2). — ^The  early  caudal  vertebra  might 
be  about  the  third.  It  has  the  centram  rather  short,  with  the 
articular  surface  subciroular  in  front,  and  larger  and  subquadrate 
behind.  The  neural  arch  is  moderate,  with  &e  compressed  spine 
directed  upward  and  backward;  and  the  prezygapophyses  extend 
outward  in  a  Y-shape,  anterior  to  the  face  of  the  centrum.  The 
transverse  anchylosed  caudal  ribs  are  compressed  from  above  down- 
ward, and  directed  outward  and  a  little  downward. 

Fig.  2. — Early  Caudal  Vertebra  of  AcanthophoHs  horridus,  (me  half 
naU  size,    (From  a  specimen  in  the  British  Museum.) 


a.  Anterior  Tiew. 


b.  Left  lateral  Tiew. 


The  centrum,  as  in  the  early  caudals  of  Seelidosaurue^  has  an 
aspect  of  leaning  obliquely  forward,  partly  owing  to  the  articular 
surface  for  the  chevron  bones  causing  the  posterior  articulation  of 
the  vertebra  to  extend  below  the  anterior  articular  margin,  and 
partly  in  consequence  of  a  real  obliquity,  as  indicated  by  the  angles 
made  by  the  articular  faces  with  the  neural  canal.  The  margins  of  the 
articular  faces  are  apparently  worn  a  little  or  roughened  by  de- 
composition. The  antero-posterior  measurement  of  the  centrum  is 
1^  inch  below  the  neural  canal,  1 A  inch  through  the  middle  of 
the  concave  articular  faces,  and  nearly  1-j^inch  towards  the  inferior 
visceral  margin,  so  as  to  suggest  a  convex  curve  for  the  inferior 
outline  of  the  tail. 

The  anterior  articulation  is  somewhat  markedly  concave  from 
above  downward,  has  a  thick  rough  rounded  border,  and  is  as  nearly  as 
possible  circular,  with  a  diameter  of  about  lA  inch.  The  pos- 
terior articulation  is  subquadrate,  but  a  little  wider  than  deep,  the 
width  being  about  2^  inch.  The  depth  from  the  neural  canal  to 
the  facets  for  the  chevron  bones  IX  inch,  and  to  the  base  of  the 
centrum  rather  over  2  inches.  The  least  depth  of  the  centrum 
from  the  middle  of  the  neural  canal  to  the  middle  of  the  basal 
visceral  surface  is  l-j%  inch.    The  chevron  facets,  though  prominent, 


Digitized  by 


Google 


598  PBOF.  H.  e.  BBELET  OK  THE  DIK0SAT7BIA.  OF 

are  not  clearly  defined ;  a  broad  median  concayity  on  the  basal  snr- 
faoe  of  the  centrum  may  indicate  that  they  were  separate.  Thn 
chevron  region  is  l^  inch  wide,  and  not  more  than  -^  inch  long ; 
it  is  oblique,  looking  downward  and  backward. 

The  sides  of  the  centrum  are  somewhat  flattened,  are  obliquely 
inclined,  and  converge  towards  the  base^  which  is  about  an  inch 
wide,  and  defined  chiefly  by  the  ;x>unded  ridges  in  the  line  of  the 
chevron  bones.  The  sides  are  slightly  convex  from  above  down- 
ward, and  moderately  concave  from  front  to  ba<^ 

The  transverse  processes  have  their  superior  surfaces  on  a  level 
with  the  base  of  the  neural  canaL  At  their  union  with  the  centrum 
they  expand  in  every  direction  so  as  to  have  a  nearly  circular  base 
and  to  spread  to  the  width  of  the  centrum.  As  preserved,  the  pro- 
cess is  about  1^  inch  long.  It  is  compressed  from  above  down- 
ward, being  twice  as  wide  as  deep,  and  tapers  a  little  outward, 
being  -j^  inch  wide  at  the  end.  The  posterior  margin  is  more  curved 
than  tne  anterior  margin ;  and  while  the  superior  surface  is  more 
flattened  from  side  to  side,  the  inferior  surface  is  the  more  convex. 

The  neural  canal  is  vertically  ovate,  about  -j^  inch  high  and  more 
than  -j^  inch  wide. 

The  neural  arch  is  moderate,  with  the  neurapophyses  compressed 
from  side  to  side  and  directed  forward,  so  that  the  prs&zygapophyses 
project  anteriorly  to  the  front  of  the  centrum  ;  these  processes  were 
strong  and  subcylindrical ;  their  articular  ends  appear  to  have  been 
about  1-j^  inch  apart  anteriorly,  and  to  have  converged  backward 
in  a  A-(^pe,  being  deeply  ^vided  in  front.  Above  the  syga- 
pophyses,  of  which  the  posterior  are  not  preserved,  the  neural  spine 
is  directed  obliquely  backward,  and  becomes  more  compressed 
from  side  to  side ;  it  is  fractured  at  less  than  2  inches  above  the 
base  of  the  neural  canal,  where  it  appears  to  be  ^  inch  long  and 
less  than  -j^  inch  wide,  and  of  an  almond-outline  in  section,  being 
sharper  in  front  than  behind. 

Middle  Caudal  VerUbrce. — Centrum  about  IJ  inch  long,  with  the 
articular  ends  subcircular,  wider  than  deep,  the  anterior  apparently 
the  larger,  but  both  about  1^  inch  deep  and  wide  (fig.  3).  There 
is  a  rather  deep,  narrow,  concave,  median  groove  (see  ^.  3,  b)  on 
the  base  of  the  centrum,  about  ^  inch  wide,  which  does  not  enlarge 
towards  the  ends.  The  sides  are  made  subangular  by  two  imperfect 
lateral  ridges  (see  fig.  3,  a),  of  which  the  lower  is  but  slightly  de- 
veloped, and  the  upper  one  has  in  the  middle  the  rudiment  of  a 
transverse  process.  The  neural  arch  is  compressed  from  side  to 
side,  prolonged  backward  beyond  the  centrum  into  a  neui'al  spine 
with  parallel  superior  and  inferior  margins,  more  than  |  inch  deep 
and  rising  1^  inch  above  the  base  of  the  centrum,  and  compressed 
posteriorly  from  side  to  side.  Anteriorly  it  is  prolonged  into  two 
stout  zygapophyses,  which,  as  preserved,  do  not  extend  in  front  of 
the  centrum. 

The  latest  caudal  vertebra  preserved  is  in  the  Museum  of  Practi- 
cal Geology.  It  has  the  centrum  1^  inch  long,  and  the  neural 
arch  rather  shorter.    The  articular  enos  of  the  centrum  are  sub- 
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hexagonal  and  moderately  ooncave.     The  depth  of  the  anterior 
face  is  rather  less  than  an  inch ;  the  width  from  side  to  side  in  the 

Fig.  3. — Middle  Caudal  Vertebra  0/ Acanthopholis  horridus,  nat.  size. 
(In  the  Museum  of  Practical  Geology.) 


a.  Bight  lateral  Tiew.    b.  From  beneath,  showing  median  longitudinal  grooye. 

middle  of  the  centrum  is  lA-  inch.  The  upper  outline  of  the 
neural  arch  is  straight  and  ohiique.  The  depth  from  the  posterior 
end  of  the  neural  arch  to  the  hase  of  the  centrum  is  1-A-  inch,  while 
in  front  the  corresponding  measurement  is  1^  inch ;  wie  width  over 
the  anterior  zygapophyses  is  -^  inch.  The  posterior  end  of  the  neural 
arch  (which  is  imperfectly  preserved)  tapers.  The  length  of  the  union 
hetween  the  neural  arch  and  centrum  is  ^inch.  The  ridges  on  the 
aides  of  the  centrum  are  only  developed  towards  the  articular  ends. 
This  vertebral  column  is  quite  distinct  from  that  of  any  other 
genus,  though,  as  indicated  by  Prof.  Huxley,  it  closely  approaches 
to  Scelidosaurus.  There  is  a  close  general  correspondence  in  the 
form  of  the  dorsal  centrum,  though  in  the  lower  part  of  the  back 
Scelidosaurus  appears  to  have  the  body  of  the  vertebra  more  com- 
pressed from  side  to  side.  The  early  caudal  vertebne  in  Scelido- 
saurus  are  longer,  and  more  oblique,  and  have  the  neural  spine  less 
inclined  backward.  The  later  caudal  vertebrsB  in  SceUdosaurus  are 
much  more  elongated  than  in  Acanthopholis^  have  the  body  more 
constricted,  and  have  no  trace  of  the  inferior  median  groove  or  of  the 
lateral  ridges  of  Acanthopholis,  while  the  form  of  the  neural  arch  is 
altogether  different.    The  basal  groove,  form  of  the  caudal  centrum, 
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and  lateral  ridges  are  rather  indicatiYe  of  resemblanoe  to  Iguanod4m, 
The  dermal  armour,  however,  must  not  be  neglected,  as  suggesting  a 
not  improbable  and  near  relationship  to  HyloBosaurus.  The  Dino- 
saur from  the  Gosau  beds  (Upper  Greensand),  which  Dr.  Bunzel  refers 
to  SeeUdosauruBy  is  closely  allied  to  AcanthophdU^  though  it  cannot 
be  included  in  that  genus. 

PabtIII. 

On  ihe  Skeleton  of  Anoplosaurus  curtonotus,  Sedey,  a  DinauMur 
from  the  Cambridge  Greensand,  contained  in  the  Woodwardian 
Museum  of  the  University  of  Cambridge,  (Plates  XXXIY.  & 
XXXV.) 

At  the  dose  of  the  year  1872  Mr.  Henry  Keeping  secured  for 
the  Woodwardian  Museum,  from  one  of  the  phosphatite-washings  near 
Beach,  an  associated  series  of  Dinosaurian  bones,  which,  though  in- 
dicating an  animal  of  no  large  size,  makes  a  considerable  addition  to 
our  knowledge  of  the  Cretaceous  modifications  of  that  organic  type. 
In  all  there  are  about  77  bones  or  fragments  of  bones,  which  may 
be  referred  to  under  the  following  osteological  headings  : — 

1.  Anterior  extremity  of  left  ramus  of  lower  jaw. 

2.  Five  or  six  centrums  of  cervical  vertebrse. 

3.  Twelve  or  thirteen  centrums  of  dorsal  vertebrae  and  fragments 
of  ribs. 

4.  Six  centrums  of  sacral  vertebrse  and  fragments  of  saoral  ribs. 

5.  Eight  centrums  of  caudal  vertebrae. 

6.  Four  neural  arches  of  vertebrae,  chiefly  dorsal. 

7.  Evidence  of  both  coracoids. 

8.  Proximal  end  of  scapula. 

9.  Proximal  and  distal  ends  of  right  humerus. 

10.  Proximal  and  distal  ends  of  left  femur ;  and  other  fragments, 
among  which  are  metatarsal  bones^  phalanges,  and  fragments  of  the 
left  tibia. 

All  the  specimens  are  more  or  less  broken  and  worn ;  they  are 
incrusted  with  Oysters  and  Plicatulce ;  but  having  lain  in  tiie  sea 
where  the  phosphates  were  not  abundant,  are  in  a  pale  state  of 
mineralization,  and  have  few  adherent  masses  of  phosphate  of  lime 
upon  them.  Like  the  other  Cambridge-Greensand  fossils  which 
luive  come  under  my  notice,  they  show  no  signs  of  being  derivative, 
and  appear  to  me  to  be  of  Upper  Greensand  age.  

The  Lower  Jaw.— The  fragment  of  jaw  (Plate  XXXV.  fig.  1)  is 
2f  inches  long.  It  is  fractured  posteriorly,  inferiorly,  where  the 
inner  margin  of  the  bone  is  thin,  and  anteriorly,  so  tiiat  it  affords 
no  evidence  of  the  nature  of  the  symphysial  union  of  the  rami  other 
than  that  it  was  very  short  and  narrow.  The  jaw  becomes  lees 
deep  from  behind  toward  the  anterior  extremity,  as  in  other  Dino- 
saurs, and  teeth  were  apparently  continued  almost^  if  not  quite,  to 
the  anterior  end.  The  alveolar  margin  is  nearly  straight,  b^ng  but 
very  slightly  convex  externally,  and  similarly  concave  internally. 
It  is  compressed  from  side  to  side,  f  ioch  thick  posterioiiy,  and 
^  inch  thick  Anteriorly ;  it  may  have  been  vertical.    As  presc^red. 
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the  external  alyeolar  wall  is  higher  than  the  inner  wall,  and  ap- 
pears always  to  have  been  higher.  In  the  length  of  2|  inohes  are 
the  sockets  or  spaces  for  thirteen  teeth ;  the  so^ets  appear  to  have 
been  nearly  half  an  inch  deep,  and  parallel  to  the  inner  surface  of 
the  jaw,  so  that  the  teeth  were  directed  outward.  The  sockets  were 
apparently  nearly  circular;  but  owing  to  this  ontward  direction 
they  appear  as  though  they  were  transyersely  oblong.  The  inner 
surface  of  the  jaw  is  approximately  pajrallel  to  the  outer  surface ; 
it  consists  of  two  areas — a  long  flat  superior  space,  the  plane  of  which 
is  twisted  a  little  outward  anteriorly,  about  |  indi  deep,  and  limited 
inferiorly  by  a  sharp  straight  angular  ridge ;  and  below  this  is  a 
channel  attenuated  anteriorly,  the  side  of  which  bends  under  the 
superior  area  (see  PL  XXXV.  fig.  1  a).  The  thickness  of  the  bone  be- 
comes reduced  below  the  ridge,  being  hardly  more  than  j^  inch  thick 
where  fractured  along  its  inferior  border,  which  is  directed  inward. 
As  preserved,  the  grooye  is  not  more  than  H  inch  long,  hence 
the  symphysis  could  not  haye  occupied  more  than  an  inch  in  front 
of  the  grooye. 

Externally  the  specimen  consists  of  an  inferior  part,  conyex  from 
aboye  downward,  corresponding  to  the  internal  grooye,  and  there- 
fore extending  longitudinally  from  behind  forward,  bulging  out  so  as 
to^widen  the  jaw  to  f  inch,  and  dying  away  in  front,  where  the  jaw 
is  moderately  conyex  from  the  alyeolar  margin  downward.  Aboye 
this  longitudinal  inferior  conyexity  the  bone  is  yery  slightly  chan- 
nelled in  length,  being  slightly  concaye  from  aboye  downward. 
Along  this  space  are  several  vascular  perforations  at  irregular 
distances,  which  become  small  and  more  numerous  towards  the  an- 
terior extremity  of  the  specimen.  The  extreme  depth  of  the  frag- 
ment as  preserved,  at  the  posterior  fructure  (PL  XXXY.  fig.  1  a),  is 
about  1^  inch. 

This  form  of  jaw  has  hitherto  been  described  in  no  British  Dino- 
saur ;  but  on  some  future  occasion  I  expect  to  be  able  to  show  that 
an  animal  with  a  similar  mandible  has  left  its  remains  in  the 
Gosau  beds  of  Austria,  which  are  also  of  Upper  Greensand  age. 

The  Yxbtebbal  Colttmn. 

Cervical  VerUhrce, — Vone  of  these  vertebras  have  the  neural  arches 
preserved,  and  all  have  the  maigins  of  the  centrums  and  the  tu- 
bercle for  the  rib  worn.  This  gives  rise  to  some  uncertainty  as  to 
whether  the  sixth  vertebra  is  not  rather  a  first  dorsal,  as  I  incline 
to  believe.  The  five  vertebne  (Plate  XXXTY.  fig.  1)  are  similar 
in  size,  and  measure  7|  inches  in  length  when  placed  in  close  suc- 
cession, without  making  any  allowance  for  the  intervertebral  carti- 
lages. The  earliest  vertebra  preserved  has  the  centrum  somewhat 
depressed;  but  the  centrums  increase  slightly  in  depth  as  they* 
succeed  each  other  backward,  and  decrease  slightly  in  length.  The 
first  (fig.  1,  i),  as  preserved,  is  fully  1^  inch  long,  with  the  anterior 
flirticular  surface  worn,  so  that  neither  its  width  nor  depth  can  be 
given  with  certainty ;  though,  as  widened  by  the  diapophysis,  it  is 
obviously  wider  and  does  not  appear  to  be  so  deep  as  the  posterior 
articular  end.    The  diapophysis  is  large,  and  placed  low  on  the  side 
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of  the  oentmm  just  behind  i^e  anterior  articalatioii ;  the  transvene 
width  over  the  diapophyses  appears  to  have  been  at  least  1|^  indu 
Behind  the  diapophyses  the  oentmm  is  constricted  regolariy,  so  as 
to  measure  1  inch  frcnn  side  to  side.  The  sides  and  base  are  con- 
caye  (PI.  XXXTY.  fig.  1  a)  from  front  to  back ;  but  the  sides  have  a 
somewhat  vertical  aspect  and  the  base  a  broad  and  flattened  a^iect^ 
owing  to  these  regions  being  separated  by  slight  angles  at  the  margin 
of  the  posterior  articulation,  though  the  base  is  moderately  conTez 
ttom  side  to  side,  and  rounds  into  the  superior  lateral  regions.  Hie 
ovate  posterior  articulation  has  had  its  margin  rubbed ;  it  is  flattened, 
but  moderately  concave,  much  as  in  Teleosaure,  and  is  ^  inch  deep 
and  1^  broad,  as  preserved.  The  neural  arch  may  have  extended  th^ 
whole  length  of  the  centrum ;  the  neural  canal  is  shallow,  widened 
posteriorly,  and  contains  small  nutritive  foramina  in  tiie  middle. 

The  second  vertebra  preserved  (fig.  1,  2)  has  the  base  of  the  cen- 
trum more  rounded,  and  consequently  the  diapophysis  appears  to  be 
rather  higher  on  the  side  of  the  centrum.  The  centrum  is  lees  con- 
stricted from  side  to  side  behind  the  diapophyses,  the  sides  of  the 
centrum  are  more  convex  in  depth,  the  c^itrum  is  shorter,  and 
the  articular  surfaces  appear  to  be  larger.  The  following  are  the 
measurements  of  the  specimen  as  preserved : — 

Along  the  base  of  the  centrum  1-A-  inch,  less  along  the  neural 
canal ;  width  over  remains  of  diapoph3rses  If  inch ;  deptji  of  ante- 
rior i^cular  face  1  inch ;  width  behind  the  diapophyses  1^  indi ; 
width  of  posterior  articulation  1^  inch ;  depth  of  posterior  articu- 
lation 1-jl^  inch. 

The  external  margins  of  the  baseb  for  the  neural  arch  are  com- 
pressed so  as  only  to  measure  -|^  inch  from  side  to  side. 

In  the  succeeding  cervicals  (fig,  1,  s,  4, 6)  the  differences  are  slight^ 
except  from  the  increased  depth  of  the  centrum,  which  in  the  fifth 
measures  1^  inch  deep  posteriorly,  as  preserved.  The  anterior 
articulation  of  the  centrum  is  in  all  cases  nearly  flat ;  but  the  poe- 
terior  face  is  moderately  cupped,  ofben  with  a  central  depression. 
The  base  of  the  neural  canal,  too,  becomes  more  deeply  channelled ;  it 
is  impressed  in  the  middle  with  the  nutritive  foramina,  and  Qie 
tubercle  for  the  rib  rises  higher  on  the  side  of  the  centrum.  Since 
t^e  first  vertebra  preserved  is  posterior  to  the  axis,  this  animal  must 
have  possessed  at  least  seven  cervical  vertebne;  but  there  were 
probably  not  more  than  eight,  since  not  more  than  one  vertebra 
appears  to  be  missing  from  between  the  last  cervical  and  first  dorsal 
of  the  series.  

Dorsal  Vertebra  (PI.  XXXIY.  fig.  2).— There  are  thirteen  dorsal 
vertebrsB,  or  vertebrse  from  between  the  neds  and  the  sacrum.  They 
appear  to  be  in  sequence,  and  therefore,  if  the  number  were  similar 
to  that  in  the  Crocodile,  the  gap  between  the  dorsal  and  sacral  series 
must  be  very  smalL  In  the  Crocodile  the  series  can  readily  be  divided 
by  the  relations  of  the  ribs  into  three  groups,  comprising,  after  the 
eight  cervical,  three  pectoral,  seven  dorsal,  and  six  postdorsal  or 
lumbar.  Nothing  corresponding  to  this  division  can  be  recogniced 
in  the  fossil,  because  only  the  centrums  of  the  vertebras  are  preserved. 
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These  centraniB  are  exceedingly  similar  inform,  butinoreaseslighUy 
in  length  as  they  pass  down  the  back,  and  when  placed  together  in 
sequence,  with  dieir  articular  faces  in  contact,  form  an  upward  arch, 
-wluc^  is  unlike  the  straight  horizontal  column  of  the  Crocodile,  and 
su^ests,  I  think,  that  the  body  may  haye  been  carried  in  a  semi- 
erect  position,  as  was  certainly  the  condition  in  so  many  of  the  Di- 
noeanria.  The  form  of  the  centrum,  which  is  well  rounded  on  the 
underside  (fig.  2a)^  is  remarkably  Teleosaurian.  The  position  of 
each  yertebra  in  the  series  is  determined  by  length,  size  of  the 
articnlar  ends,  and  shape,  width,  and  degree  of  ezcayation  of  the 
area  which  forms  part  of  the  neural  canal,  there  being  a  marked 
increase  in  width  and  depth  on  nearing  the  sacrum,  while  the  neural 
area  widens  posteriorly  on  nearing  the  neck. 

The  first  centrum  of  the  series  is  fractured  transyersely,  as  though 
by  a  stroke  of  the  workman's  pick,  and  only  the  posterior  half  is 
preseryed.    It  shows  the  articular  area  for  the  neural  arch  to  be  ex- 
oeedingly  broad,  and  the  posterior  face  of  the  centrum  is  yery  slightly 
concaye,  being  much  less  impressed  in  the  middle  than  in  the  cer- 
yical  region.     The  second  dorsal  measures  1|^  inch  from  firont  to 
back,  has  an  aspect  of  slight  compression  from  side  to  side,  where  it 
measures  1  inch  in  the  middle  of  the  centrum,  becoming  a  little 
wider  towards  the  neural  arch.    The  depth  of  the  centrum  from  the 
neural  canal  is  1^^  inch.     The  posterior  articular  face  is  almost 
absolutely  flat.      The  third  dorsal  is  rather  better  preseryed;  it 
measures  li/^  inch  in  length,  is  rather  more  flattened  at  the  sides 
and  ends,  and  has  the  neuro-central  suture  so  uniform  that  the  back 
of  the  yertebra  can  only  be  recognized  by  the  nutritiye  foramina  in 
the  neural  canal  being  placed  sli^tly  behind  the  middle  line.     The 
fourth  dorsal  slightly  increases  in  length,  and  is  more  compressed 
below  the  neuro-central  suture,  so  that  the  articular  faces  of  the 
centrum  become  yertically  elongated,  measuring,  as  preseryed,  1-,^ 
inch  in  depth  and  1^  inch  wide.    Ilie  fifth  to  the  twelfth  centrums 
are  about  1^  inch  long,  and  haye  the  sides  of  the  neural  canal  rather 
narrower  than  in  the  earlier  dorsal  region,  the  sides  being  sub- 
parallel,  with  a  slight  expansion  at  both  the  anterior  and  posterior 
ends.     The  neuro-central  suture  is  slightly  conyex  from  back  to 
front,  is  marked  with  transyerse  grooyes,  as  in  Teleosaurs,  and  in 
the  seyenth  centrum  the  lateral  compression  reduces  the  transyerse 
measurement  in  the  middle  of  the  suture  to  ^  inch.    Towards  the 
end  of  the  dorsal  series  the  articular  face  of  the  centrum  is  more 
nearly  circular,  and  it  becomes  flat  at  one  end,  and  somewhat  con- 
caye at  the  other.    There  is  no  certain  eyidence  on  the  matter ;  but 
I  am  iQclined  to  regard  the  somewhat  larger  end  with  the  ooncayity 
as  anterior,  on  the  ground  that  the  neuro>central  sutural  surface  is 
somewhat  wider  towards  the  concaye  end.     Hence  there  would 
seem  to  be  an  approach  towards  a  procoelous  articulation  in  the 
lower  part  of  the  back,  which  may  be  a  functional  deyelopment  con- 
sequent upon  a  semierect  mode  of  progression.     The  last  dorsal  is 
much  longer  in  the  neural  than  in  the  yisceral  measurement,  the 
extreme  length  being  1^  inch.     There  is  no  important  change  in  the 
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size  or  form  of  the  artacnlar  face.  When  placed  together,  end  to 
end,  without  allowance  for  intervertebral  cartilagea,  the  series  of 
dorsal  vertebrffi  measures  19  inches ;  but  this  does  not  represent  the 
entire  length  of  the  dorsal  region,  becanse  at  least  one  vertebra  is 
missing  between  the  last  dorsal  and  first  sacral,  and  at  least  one 
between  the  first  dorsal  and  last  cervicaL 

Neural  Arch. — ^The  most  perfect  specimen  of  a  dorsal  neural  ardi 
is  figured  (PL  XXXV.  fig.  14).  It  measures  lU  inch  from  the 
eutural  surface  uniting  with  the  centrum,  to  the  slight  transverse  plat- 
form (a)  from  which  the  compressed  neural  spine  {e)  rose ;  though  now 
broken  away,  the  platform  was  horizontal,  small,  convex  from  front 
to  back,  concave  from  side  to  side,  with  the  outer  prolongidion 
notched  out  posteriorly  and  directed  a  little  upward.  Its  ant^ior 
border  reaches  no  further  forward  than  the  middle  of  the  neuro- 
oentral  suture.  There  is  the  usual  strong  buttress  below  this  trans- 
verse process,  compressed  from  side  to  side,  and  terminating  in  an 
elevated  vertically  ovate  articulation  for  the  rib  (6),  looking  outward 
and  a  little  upward,  -^  inch  wide  and  -^  inch  long,  above  which 
the  buttress  is  constricted,  and  below  which  it  widens  and  disappears. 
The  prezygapophyses  are  broken  away  {d)  ;  but  the  posterior  zygapo- 
physes  (c)  are  flat  ovate  facets  looking  oUiquely  downward  and  out- 
ward, converging  inferiorly  so  as  almost  to  unite,  but  remaining 
separated  by  a  groove.  The  arch  over  the  neural  canal  is  remark- 
ably high  and  narrow. 

Dorsal  Bibs. — ^The  dorsal  ribs  are  represented  by  a  number  of 
fragments,  but  none  are  sufficiently  perfect  to  give  any  idea  of  their 
length.  The  fragments  are  all  more  or  less  curved.  The  two  spe- 
cimens figured  (PL  XXXY.  figs.  11,  13,  12)  give  some  idea  of  the 
difference  in  size  of  the  specimens  and  of  the  typical  characters 
which  they  present.  They  are  especially  remarkable  for  having  the 
under  or  visceral  surface  compressed  and  the  dorsal  surface  expanded 
like  the  crosspiece  of  a  capital  T.  This  would  surest  a  great 
development  of  intercostal  muscles,  and  would  have  led  me  to  anti- 
cipate for  the  animal  some  form  of  dermal  armour ;  but  since  no 
trace  of  armour  was  found  with  the  remains,  the  explanation  of 
this  form  of  rib  has  yet  to  be  discovered. 

Sacral  VeriebrcB  (PL  XXXIV.  fig.  3).— The  sacral  vertebrsB,  as 
preserved,  are  six  in  number,  and  the  series  is  apparently  complete ; 
but  they  do  not  become  anchylosed  into  a  sacrum,  though  the  arti- 
cular suriaces  were  evidently  in  intimate  juxtaposition.  It  is  im- 
possible to  affirm  that  this  condition  is  proof  of  the  immaturity  of  tlie 
individual,  though  such  a  conclusion  is  natural.  As  placed  together, 
end  to  end,  the  series  of  vertebraa  measures  S^  inches  in  length.  As 
in  the  other  regions  of  the  vertebral  column,  there  is  no  trace  pre- 
served either  of  neural  arches  or  of  the  short  sacral  ribs  in  union  with 
the  centrums,  except  the  impressed  surfaces  for  their  articulation 
upon  the  sides  of  the  centrums.  In  the  absence  of  the  usual  aids 
for  determining  the  order  of  succession  of  the  bones,  I  have  arranged 
them  in  sequence  by  means  of  the  form  of  the  neural  canal  and  tiie 
mutual  adaptation  of  the  articular  surfaces.    like  the  sacral  ver- 
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tebite  in  other  Dinosaurs,  tihese  centmms  are  of  dissimilar  forms, 
and  are  nnlike  the  dorsal  vertebrsB,  which  all  have  the  visceral  sur- 
£aoe  well  rounded,  as  in  Crocodiles. 

The  first  sacral  (^.  3,  i)  is  1^  inch  long  along  the  neural  canal, 
and  about  A^  less  along  l^e  visceral  border.  The  base  and  sides  are 
flattened,  tnough  the  sides  are  moderately  concave  in  length,  and 
slightly  convex  from  above  downward,  in  which  direction  they  con- 
verge. The  base  is  defined  by  well-rounded  shoulders,  which  merge 
into  the  sides ;  it  is  slightly  concave  in  the  middle  towards  the  two 
ends.  The  anterior  articular  surface  is  much  the  smaller  of  the  two,  is 
vertical,  flattened,  slightly  concave  from  above  downward,  and  sub- 
qnadrate,  being  wider  above  than  below.  From  the  neural  caual 
to  the  base  is  ^  inch.  The  width  of  the  centrum  just  below  the 
neural  canal  is  1^  inch,  while  the  width  at  the  base  is  about  ^ 
inch.  The  neural  canal  is  very  large,  deep,  widens  rapidly  behind, 
and  gives  off  the  first  pair  of  sacral  nerves  anterior  to  the  posterior 
articular  surface,  where  the  transverse  measurement  is  1^  inch.  In 
front  the  neural  canal  is  about  A-  inch  wide ;  posterior  to  the  exca- 
vations for  the  sacral  nerves  the  width  is  probably  nearly  double. 
The  posterior  articulation  is  angularly  crescentic,  being  concave  above 
in  the  line  of  the  neural  canal ;  it  is  -j^  inch  deep,  1^  inch  wide  at 
the  upper  margins  of  the  neural  groove  in  the  centrum,  and  about 
<^-  inch  wide  at  the  base.  The  surface  is  flat,  but  marked  with 
grooves,  which  radiate  towards  the  sides  and  base.  The  length  of 
the  wall  for  attachment  of  the  neural  arch  is  less  than  an  inch ;  it  is 
compressed  from  side  to  side,  and  increases  in  width  in  front.  There 
is  no  indication  of  a  rib  to  the  ilium  having  originated  from  the 
centrum  of  this  vertebra. 

In  the  second  sacral  (fig.  3, 2)  the  centrum  attains  its  greatest  width, 
and  the  neural  canal  acquires  its  largest  size;  but  in  form  the  vertebra 
is  unlike  the  first,  especially  being  depressed  and  much  broader  than 
long,  with  a  rough  parallelism  between  the  convex  visceral  surface 
and  the  concave  neural  canal.  The  extreme  length  of  the  centrum 
is  1^  inch ;  but  it  is  somewhat  less  in  the  median  line,  since  the 
posterior  face  is  concave  from  side  to  side.  The  base  is  flattened, 
but  rounds  into  the  sides,  which  slope  obliquely  outward,  more 
rapidly  towards  the  posterior  than  towards  the  anterior  end.  In 
front  the  flat  artictdar  face  of  the  centrum  is  -^  inch  deep ;  it  is  of 
subcrescentic  outline,  extending  superiorly  up  each  side  of  the  neural 
canal,  where  the  horns  are  ^  inch  wide.  The  posterior  articulation 
IB  an  arc  of  a  large  circle,  as  wide  at  the  sides  as  in  the  middle,  where 
it  is  -^  inch  deep.  The  pedicles  for  the  neural  arch  reach  from  the 
antenor  face  of  Uxe  centrum  backward  ^  inch,  and  diverge  outward ; 
they  are  i  inch  wide,  and  narrow  posteriorly.  They  are  bounded 
behind  by  the  large  canals  for  the  sacral  nerves,  larger  on  the  left 
side  than  on  the  right ;  these  canals  are  directed  obliquely  forward. 
Behind  and  chiefly  below  these  grooves  are  the  large,  subcircular 
facets,  f  inch  in  diameter,  for  the  sacral  ribs,  which  look  outward, 
backward,  and  somewhat  upward,  extending  to  the  posterior  articular 
surface  of  the  centrum,  and  by  their  transverse  extension  making 
Q.J.G.S.  No.  140.  2t 
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the  side  of  the  centrum  ooncave  from  front  to  back.  Theiamisyerse 
width  of  the  centnun  at  the  notchee  for  the  sacral  nerres  is  1^  inch ; 
the  transverse  width  oyer  the  front  of  the  facets  for  the  sacral  ribs 
is  about  24  inches ;  the  width  of  the  neural  canal  between  the  pe- 
dicles for  the  neuraJ  arch,  as  preserved,  is  U  inch. 

The  third  sacral  vertebra  (fig.  3,  s)  is  smtdler,  with  the  centrum 
similarly  depressed,  the  neural  canal  almost  as  large,  the  anterior 
intervertebral  articular  surface  convex  from  side  to  side^  and  the 
posterior  articulation  similarly  concave,  the  latter  being  relatively 
deeper ;  the  length  of  the  centrum  in  t^e  median  line  is  1^  inch. 
The  base  is  flattened,  slightly  convex  in  the  middle  portion,  and 
measures  14^  inch  transversely.  This  great  width,  like  the  flat- 
tening, results  from  the  fact  that  the  whole  of  the  dde  ia  occupied 
by  surfaces  for  the  attachment  of  sacral  ribs.  The  two  pairs  of  these 
surfaces  are  divided  by  the  grooves  for  the  sacral  nerve,  which  are 
only  half  as  wide  as  those  in  the  second  vertebra ;  these  grooves  are  ^ 
inch  from  the  anterior  articulation,  and  are  directed  outward,  a  little 
backward,  and  vertically  downward  between  the  facets  for  the  sacral 
ribs  as  a  canal  ^  inch  wide.  The  anterior  of  these  rib-facets  is  Qm 
larger ;  it  is  an  inch  deep,  and  not  quite  so  long,  being  subquadraie ; 
the  surfaces  look  outward,  forward,  and  very  slightly  upward,  and 
ext/end  to  the  anterior  articular  surface  of  the  centrum,  l^e  posterior 
facet  is  fully  as  deep,  but  not  more  than  half  an  inch  in  length ;  it  ex- 
tends back  to  the  posterior  articulation,  and  looks  outward  and  back- 
ward. The  greatest  transverse  measurement  is  2  inches  at  the  middle 
of  the  centrum.  The  neural  arch  appears  to  have  been  attached  to 
both  the  anterior  and  posterior  ends  of  the  centrum  by  pedicles,  whioh 
are  coextensive  with  the  length  of  the  facets  for  the  sacral  ribs. 
The  superior  and  inferior  margins  of  the  articular  faces  of  both  ends 
of  the  centrum  are  subparallel,  about  ^(j  inch  deep ;  but  the  anterior 
articulation  has  the  greater  transverse  measurement,  and  increases 
in  depth  a  little  towards  its  lateral  limits.  The  width  of  the  neural 
canal,  as  preserved,  is  IX  inch,  but  becomes  less  posteriorly. 

The  fourth  sacral  vertebra  (fig.  3, 4)  has  greatly  decreased  in  size. 
There  is  a  vertical  elevated  ridge  in  the  middle  of  the  anterior  articular 
surface  of  the  centrum,  on  each  side  of  which  the  flattened  surfaces  are 
slightly  concave ;  the  outline  of  the  articulation  is  reniform,  it  is  more 
than  -^  inch  deep,  and  was  about  l-j^^  inch  wide.  The  under  surface 
of  the  centrum  has  a  conspicuous  rounded  median  ridge,  most  marked 
posteriorly,  and  on  each  side  the  halves  of  the  base  are  flattened  and 
converge  inferiorly.  The  posterior  articular  surfoco  of  the  centmm 
is  relatively  narrow  (because  there  is  only  one  pair  of  facets  fi[»r 
sacral  ribs,  and  they  are  immediately  behind  the  anterior  artioa- 
lation)  ;  it  is  ^q  inch  deep  in  the  middle,  and  1^  inch  wide  at  tlie 
upper  third  ;  the  surface  is  concave  from  side  to  side,  and  most  im- 
pressed in  the  upper  part  of  the  middle  line.  The  neural  canal 
widens  in  its  hinder  third,  where  it  gives  off  a  pair  of  sacral  nerves, 
which  are  directed  slightly  backward  as  they  pass  out.  The  an* 
terior  lateral  facets  for  the  sacral  ribs  are  large,  extend  back  behind 
the  middle  line  of  the  centrum,  and  were  directed  forward  and  oat* 
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inraicL    The  neural  canal  again  beocnnes  narrower  1)ehind  than  it 
^was  in  front* 

In  the  fifth  sacral  yertebra  (fig.  3, 5)  the  centmm  reverts  yerj  much 
to  the  form  and  proportions  of  an  early  dorsal,  being  compressed  at  the 
sides,  having  the  base  well  ronnded,  and  the  margins  of  the  articular 
surfjaioes  well  elevated.  It  is  1|  inch  long,  and  has  the  body  of  the  ver- 
tebra relatively  deep  in  proportion  to  the  width.     The  anterior  arti- 
culation is  half  an  oval,  with  a  prominent  tabercle  below  the  neural 
C2uial,  and  on  each  side  of  this  tubercle  is  a  depression  ;  the  surface 
is  otherwise  flattened,  but  slightly  convex  from  side  to  side ;  it  is 
-jfty  inch  deep  in  the  middle,  and  about  1^  inch  wide  in  the  upper 
tiurd.     l%e  posterior  articulation  is  more  nearly  subquadrate ;  it  is 
rather  deeper,  about  as  wide,  is  flattened,  but  concavely  impressed 
in  the  median  line  below  the  neural  canal.    The  facet  for  the  sacral 
rib  is  small,  and  limited  to  the  upper  third  of  the  side  of  the  cen- 
trom.     The  neural  canal  has  now  become  much  smaller  than  in  the 
first  sacral,  and  the  nerves  are  given  off  very  high  up,  more  than 
1-^  inch  from  the  base  of  the  posterior  articulation,  and  hardly  more 
than  a  quarter  of  an  inch  anterior  to  it. 

The  sixth  and  last  sacral  centrum  (fig.  3,  e)  approximates  in  charac- 
ters to  an  early  caudal ;  but  the  neural  canal  is  more  deeply  excavated 
than  in  the  caudal  region,  while  the  large  size  of  the  attachment  for 
the  neural  arch  and  the  form  of  the  anterior  articulation  show  it  to 
be  sacral.  It  is  1^  inch  long  in  the  line  of  the  neural  canal,  and 
less  in  the  basal  measurement.  The  anterior  articulation  is  less 
than  an  inch  deep,  and  is  widened  transversely  by  the  large  fisicet 
for  the  sacral  rib  to  about  lA  inch,  but  the  transverse  measure- 
ment over  those  facets  is  1^  mch.  Below  the  neural  canal,  which 
is  only  -^  inch  wide  in  front  at  the  base,  is  a  prominent  tubercle, 
with  a  concavity  on  each  side,  as  in  the  fifth  vertebra,  below  which 
the  surface  is  similarly  marked  with  slight  grooves,  such  as  are  usually 
seen  in  cartilaginous  surfaces  between  which  there  is  no  motion. 
The  posterior  surface  is  more  nearly  circular,  and  measures  more 
than  an  inch  in  depth  and  1-^  inch  wide ;  in  its  centre  is  an  elevated 
tubercle,  as  usual  in  caudal  vertebrse,  and  around  this  the  surface 
is  concave  and  marked  with  faint  concentric  lines.  The  base  of  the 
centrum  is  well  rounded,  but  its  sides  are  pinched  in  concavely  below 
the  facet  for  the  last  sacral  rib;  this  facet  appears  to  have  been 
transversely  elongated  and  to  have  looked  outward.  The  attach- 
ment of  the  neural  arch  appears  to  have  extended  the  whole  length 
of  the  centrum,  and  to  have  been  wider  than  in  any  of  the  other 
sacral  vertebrae. 

This  sacrum  gives  evidence  of  only  four  sacral  ribs  (PL  XXXIY. 
fig.  4).  The  firat,  attached  between  the  second  and  third  centrums, 
and  the  second,  between  the  third  and  fourth  centrums,  were  massive, 
the  former  being  1 J  inch  in  diameter  at  its  origin  and  the  latter 
rather  less.  These  were  the  true  sacral  elements,  and  would  cor- 
respond to  the  sacrum  of  the  Crocodile  or  Teleosaur.  The  third  and 
fourth  sacral  ribs  are  small ;  the  former  is  given  off  from  the  fifth, 
and  the  latter  from  the  sixth  sacral  vertebra.    The  great  enlargement 
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of  the  neural  canal  in  the  sacral  region,  where  it  becomes  much  wider 
than  the  entire  diameter  of  a  dorsal  centrum,  and  the  absence  of 
any  corresponding  pectoral  enlargement  is  strongly  suggestiye,  not 
only  that  the  hind  limbs  were  relatiyely  more  developed  t^ian  tiie 
fore  limbs,  but  that  progression  was  carried  on  by  means  of  the 
hind  limbs ;  and  the  sUght  Increase  in  size  of  the  centrums  from  tlM 
neck  to  the  sacrum  would  support  such  a  conclusion. 

Caudal  Vertebras  (PI  XXXIV.  fig.  5).— The  eight  caudal  jertebne, 
when  placed  together  in  close  succession,  measure  8|  inches  in  length, 
and  when  so  placed  arrange  themselves  in  a  curve,  which  has  the 
convex  side  downward,  while  the  dorsal  and  sacral  regions  form  a 
curve  in  the  opposite  direction ;  and  this  curve  of  the  tail  appears  to 
be  correlated  with  the  elevation  of  the  root  of  the  tail  wdl  above 
the  ground. 

Each  centrum  is  just  over  an  inch  long,  the  last  of  the  series  being 
of  the  same  absolute  length  as  the  first,  though  the  vertical  and  trans- 
verse measurements  have  become  greatly  reduced.  The  first  caudal 
of  the  series  exactly  corresponds  in  size  with  the  posterior  articular 
face  of  the  last  sacral  vertebra. 

The  anterior  face  of  the  second  centrum  is  flattened,  but  slightiy 
concave,  is  of  subcircular  outline,  nearly  1-j^  inch  wide  and  nearly 
1^  inch  deep.  The  posterior  face  {&g.  5  a)  is  subtriangular,  owing  to 
the  sides  converging  inferiorly  and  terminating  in  the  oblique  facet  for 
the  chevron  bone,  which  is  more  than  half  an  inch  wide,  and  rounds 
upward  into  the  intervertebral  articular  surface.  This  surface  is  1 A 
inch  wide  in  its  upper  third,  and  nearly  1-^  deep  to  the  base  of  tlie 
chevron  articulation:  it  is  much  more  concave  than  the  anterior 
articulation,  and  the  depression  is  similarly  deepest  just  above  a 
slight  mamillate  eminence  in  the  centre  of  the  intervertebral  sur- 
face. The  antoro-posterior  measurement  of  the  centrum  is  1  inch. 
The  base  of  the  neural  arch  has  come  away  on  the  left  side,  leaving 
a  large  pit  f  inch  long  and  ^  inch  wide.  On  the  right  side  the 
pedicle  has  remained  attached,  and  shows  that  from  this  broad  base 
a  small  compressed  lamina  ascended,  directed  inward,  to  form  the 
arch  over  the  neural  canaL  At  the  sides  of  the  centrum  are,  on 
each  side,  an  ovate  facet  more  than  half  an  inch  long  and  of  less 
depth,  placed  midway  between  the  anterior  and  posterior  articular 
faces  of  the  vertebra.  These  facets  gave  attachment  to  the  trans- 
verse processes  or  caudal  ribs ;  they  have  an  elevated  border,  and 
the  upper  fourth  is  formed  by  the  pedicle  of  the  neural  arch,  while 
the  remainder  of  the  facet  is  on  the  upper  part  of  the  side  of  the 
centrum.  In  subsequent  vertebrsB  this  facet  decreases  in  size,  de- 
scends a  little  in  position,  and  is  placed  nearer  to  the  posterior  end 
of  the  centrum.  The  sides  of  the  centrum  converge  inforiorly 
towards  a  flattened  narrow  base,  which  is  about  ^  inch  wide,  and 
owes  its  existence  and  imperfect  definition  to  the  chevron  bone  at* 
tached  to  the  base  of  the  posterior  articular  surface.  The  ventral  sur- 
face of  the  first  centrum  is  considerably  more  convex  from  side  to  side. 
In  the  sixth  caudal  the  width  and  depth  of  the  centrum  are  about  an 
inch ;  the  antero-posterior  extent  of  the  narrow  lamina  of  the  neural 
&^^  ^s  ^  inch ;  the  transverse  process  appears  to  be  short,  thick,  and 
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directed  a  little  backward.  The  base  is  better  defined  by  an  obscure 
angular  ridge,  and  midway  on  the  side,  below  the  transrene  pro- 
cess, is  another  angular  ridge.  The  articular  ends  of  the  centrum 
are  more  concave  tiban  in  the  earlier  vertebrae.  The  first  six  ver- 
tebne  (^g,  5)  are  in  natural  sequence ;  then  the  series  is  broken  by 
ihe  loss  of  probably  four  vertebrsB.  The  remaining  two  centrums 
preserved  were  followed  by  at  least  four  more,  so  that  the  tail  may 
have  included  at  least  sixteen  vertebrae,  and  have  measured  at  least 
as  many  inches. 

The  last  centrum  preserved  has  the  anterior  face  If  inch  wide  and 

Sinch  deep,  with  the  outline  flattened  above  and  convex  below, 
e  posterior  face  is  ^  inch  wide  and  ^  inch  deep.  There  is  an 
indication  of  division  in  the  chevron  facets.  The  underside  of  the 
centrum  becomes  rounded,  and  the  size  of  the  transverse  process, 
still  high  on  the  side,  is  reduced  to  a  mere  tubercle.  The  neural 
canal  is  narrow  and  slightly  channelled  in  the  centrum,  and  the  base 
of  the  small  neural  arch  was  less  than  ^^  inch  long. 

The  Scapttlab  Abch. 

Coracoids, — ^The  right  coracoid  is  only  preserved  in  a  fragment, 
but  the  left  is  fairly  perfect  (PI.  XXXV.  fig.  2).  It  was  an  ex- 
panded subquadrate  bone  of  the  usual  pattern,  thick  at  the  articular 
surfaces  for  the  humerus  and  scapula,  and  thin  at  the  two  other 
edges,  the  anterior  and  upper  of  which  is  broken.  The  underside 
of  the  bone  is  concave,  the  upperside  gently  convex.  It  is  3^  inches 
wide  from  the  scapular  to  the  inferior  margin.  The  surface  to  which 
the  scapula  was  attached  C^,  2,  h)  is  convex  in  length,  as  preserved, 
and  imperfectly  ossified.  It  measures  about  l^  inch  in  length,  is 
1^  inch  thick  at  the  junction  with  the  humeral  surface,  and  becomes 
compressed  as  it  ascends.  The  humeral  surface  (^,  2,  a)  is  subquad- 
rate, 1^  inch  long,  and  of  about  the  same  thickness ;  it  is  smooth, 
truncating  the  bone  transversely,  and  nearly  flat.  Below  the  humeral 
articulation  the  bone  is  emarginate  on  the  external  surface,  and  the 
emargination  resembles  the  appearance  that  would  be  produced  by 
drawing  the  thumb  over  the  angle  of  a  plastic  substance.  The  por- 
tion of  the  anterior  border  whidi  looks  downward  is  2^  inches  long, 
as  preserved,  and  thin,  thickest  at  the  comer  nearest  the  humerus, 
and  becoming  attenuated  as  it  ascends.  The  other  upperside,  which 
is  somewhat  broken,  is  about  2^  inches  long.  The  coracoid  foramen  is 
placed  about  the  middle  of  the  scaptdar  margin,  and  extends  obliquely 
inward,  upward,  and  backward ;  it  is  about  ^  inch  in  diameter,  and 
penetrates  into  the  scapidar  margin  as  it  emerges  on  the  inner  side 
of  the  bone. 

Scapula, — The  scapula  is  known  from  an  important  fragment, 
comprising  the  articular  end  of  the  right  side  of  the  bone  (PI.  XXXY . 
fig.  3).  It  is  imperfectly  preserved  at  the  anterior  border,  but  is  3 
inches  wide.  The  humeral  surface  (a)  is  flat,  1 1  inch  long,  and  about 
as  wide ;  it  is  rounded  posteriorly,  and  convex  on  the  inner  surface 
from  side  to  side.  The  coracoid  surface  (c)  is  divided  into  two  por- 
tions, and  is  somewhat  compressed  from  side  to  side.  The  inner 
surface  of  the  bone  is  concave  from  above  downward.    The  pos- 
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terior  outline  is  moderately  oonoaye,  while  the  anterior  outline  is 
more  oonoaye,  rounding  distally  into  a  ooutox  outline,  which  ia  par- 
tially broken  away,  ^e  specimen  ia  Si  indies  long,  and,  where 
fractured,  the  ascending  shaft  is  1^  inch  wide,  -f^  thick,  and  more 
compressed  on  the  inner  than  on  the  outer  margin.  The  distinetiTe 
feature  of  the  bone  which  separates  it  from  other  scapulae  is  the  de- 
ydopment  towards  the  humeral  side  of  a  massive  quadrate  spinous 
process  (fig.  3,  h\  which  increases  the  thickness  oi  the  bone  to  2| 
inches.  It  is  ^  inch  wide,  margined  posteriorly  by  a  sharp  ridge, 
anteriorly  by  a  rounded  ridge,  is  rounded  inferiorly  almost  as  per- 
fectly as  a  pulley  surface,  and  flattened  externally  till  it  merges, 
after  about  2  indies,  in  the  free  end  of  the  scapula.  It  extends  to 
within  about  half  an  inch  of  the  humeral  articulation,  and  is  di« 
rected  oUiqudy  forward  across  the  bone. 

The  Fobs  Limb. 

Humerus. — Only  the  right  humerus  is  preserved  (PL  XXXV. 
figs.  4,  5).  It  has  been  fractured  by  a  blow  from  a  digger's  pid:, 
which  has  removed  the  middle  portion  of  the  shaft  and  broken  away 
the  radial  crest.  The  distal  articular  end  is  imperfect,  owing  to 
decomposition  of  the  bone  before  fossilization,  and  its  decayed  sur- 
face, like  the  body  of  the  shaft,  is  overgrown  with  PlieatukB.  The 
humerus  is  larger  than  might  have  been  antidpated  in  an  animal 
otherwise  giving  indications  of  a  semierect  position.  It  was  probably 
not  loss  than  9  inches  in  length,  evidently  possessed  a  long  and 
compressed  radial  crest,  which  reached  at  least  halfway  along  the 
bone,  had  the  proximal  end  massive  and  the  distal  eud  fairiy  ex- 
panded, while  the  lower  part  of  the  shaft  was  constricted  in  the  usual 
manner.  As  preserved,  the  specimen  at  the  proximal  end  (fig.  4)  is 
nearly  flat  on  the  ventral  surface,  with  the  slightest  indication  of  con- 
cavity from  side  to  side.  The  extreme  width  from  side  to  side  is  rath^ 
less  than  3  inches,  as  preserved ;  but  the  bone  was  somewhat  wider, 
since  no  part  of  the  radial  crest  is  preserved,  though  its  limit  is  indi- 
cated by  a  slight  reflection  downward  of  tiie  margin  of  the  frag- 
ment at  the  fracture  (fig.  4,  a).  The  radial  crest  appears  proximal^f 
to  have  been  about  half  an  inch  thick,  and  to  have  extended  to  within 
about  three  fourths  of  an  inch  of  the  proximal  end  of  the  bone. 
It  is  separated  from  the  articular  head  by  an  obUque  region,  whidi 
is  somewhat  compressed,  less  than  1  inch  long,  a  little  concave 
in  length,  and  rounded  from  side  to  side.  The  head  of  the  bone 
(fig.  4,  h)  is  subovate,  but  ihe  margins  of  the  articular  suriace 
are  a  little  worn  or  decayed.  It  is  slightly  convex  in  its  long 
diameter,  from  the  ulnar  to  the  radial  side,  whidi  measures  about 
1 A^  inch,  and  rather  more  convex  from  the  dorsal  to  the  ventral 
side,  where  it  measures  about  1^  inch.  Its  margin  bulges  con- 
vexly  on  the  dorsal  aspect,  but  not  so  markedly  as  in  some  other 
Binosaurian  types,  such  as  Hadrosaurus ;  it  is  even  less  than  in 
the  humerus  attributed  to  Hyheosaurus,  and  is  perhaps  more  nearly 
like  Sedidosaurus,  though  the  resemblance  would  appear  to  be  cio&et 
to  another  and  undescribed  Binosaurian  genus  firom  the  lias.  The 
proximal  articular  surface  is  smooth,  though  marked  by  irregolar 
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shallow  grooTOS,  whioh  may  indicate  that  it  possessed  a  tenxdnal 
artioolar  cartilage,  though  developed  to  a  less  extent  than  in  the 
Ceteosaorians  of  the  Lower  Secondary  rooks.  Towards  the  nlnar 
side  tiie  articular  snrfEtoe  becomes  narrow  and  prolonged,  like  the 
Btalk  of  a  fig  (%.  4,  e) ;  but  this  portion  is  inclined  at  an  angle  of 
about  45^.  It  is  nearly  flat  in  its  long  measurement,  which  is  more 
than  an  inch,  and  slightly  rounded  in  its  narrow  measurement,  which 
appears  to  have  been  less  than  three  quarters  of  an  inch.  It  gives 
an  extreme  length  of  articular  surface  to  the  head  of  about  1^  inch. 
Externally  the  ulnar  margin  is  weU  rounded  from  side  to  side, 
about  ^  indi  thick,  and  by  its  compression  forms  on  the  dorsal 
Burfaoe  a  ooncave  longitudinal  channel,  which  descends  some  little 
distance  on  that  aspect  of  the  bone.  Below  the  articular  head  of 
the  bone  the  shaft  is  convex  from  side  to  side,  but  becomes  rapidly 
compressed,  so  that  2  inches  below  the  articular  surface  its  thickness 
is  scarcely  1  inch.  The  fragment  is  unfortimately  only  about  2 
inches  long;  it  shows  indications  of  the  lateral  margins  rapidly 
converging,  is  marked  on  the  dense  external  layer  with  longitudinal 
striae,  and  shows  at  the  fractured  end  fine  cancellous  tissue,  but  no 
trace  of  a  medullary  cavity. 

Distal  end, — The  distal  end  (fig.  5)  apparently  formed  an  angle  with 
the  proximal  end  in  the  usual  way,  so  far  as  can  be  judged  by  compa- 
rison of  the  proximal  and  distal  firactured  surfaces  of  the  humeruF. 
The  distal  fragment  is  4^  inches  long,  and  at  its  proximal  end  has  a 
subtriangolar  section,  measuring  nearly  1|  inch  in  the  greatest  long 
diameter,  from  the  ulnar  to  the  radial  sides,  and  about  1  inch  in  the 
greatest  short  diameter,  which  is  towards  the  ulnar  side  from  back 
to  front.  It  will  thus  be  seen  that  the  bone  is  compressed  towards 
the  lower  radial  margin,  and  the  strong  crest  which  is  there  indi* 
cated  is  the  distal  termination  of  the  radial  crest.  The  long  axis 
of  this  section  is  at  an  angle  of  about  45°  to  the  axis  of  the 
distal  articulation.  The  venial  side  is  here  flattened,  but  has  a 
slight  indication  of  a  longitudinal  concavity.  The  dorsal  aspect  is 
divided  into  two  areas  by  a  rounded  angular  bend,  that  of  the  ulnar 
side  is  the  shorter  and  less  convex.  The  shaft  continues  to  decreaee 
in  thickness  towards  the  distal  end,  where  it  measures,  just  above 
and  between  the  condyles,  ^  inch,  and  it  more  rapidly  increases  in 
width,  though,  from  the  radial  condyle  being  broken  away,  it  is  im- 
possible to  state  accurately  what  the  width  was,  though  it  could  not 
have  been  less  than  3  inches. 

Metacarpal  bone, — This  small  well-preserved  specimen  I  am  in- 
clined to  regard  as  the  fifth  or  outer  metacarpal  of  the  left  fore 
limb.  It  is  1^^^^  inch  long,  and  has  the  proximal  articulation  subtrian- 
gular,  -^  inch  wide  and  -j^  inch  deep,  with  the  apex  of  the  triangle 
below.  The  articular  surface  is  nearly  flat,  but  slightly  oblique,  as 
shown  in  the  figure  (PI.  XXXV.  &g.  9). 

The  bone  is  compressed  from  above  downward,  ^  inch  wide  in 
the  middle  of  the  shaft  and  ^  inch  deep.  It  terminates  distally 
in  an  oblong  surface,  which  is  convex  from  above  downward  and 
from  within  outward,  and  has  the  upper  outer  comer  rounded  away. 
The  surface  is  fully  -^o  inch  long  and  ^  inch  deep. 
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The  Hun)  Limb. 

The  Femur  (PI.  XXXV.  fig.  6)  is  very  imperfectly  preeerv^ 
having  been  considerably  fractured  by  the  workmen.  A  portion  of 
the  proximal  end  is  preserved,  which  is  about  3|  inches  long,  and 
displays  a  small  piece  of  the  outermost  part  of  the  proximal  artioa* 
lation  (a),  showing  it  to  have  been  comparatively  smooth  and 
slightly  convex  from  front  to  back,  in  which  direction  the  measure- 
ment was  rather  more  than  1  inch.  The  bone  was  flattened  behind, 
but  was  not  flattened  on  the  external  aspect  at  the  proximal  end. 
Here  it  is  convex  from  within  outward,  and  also  rounds  into  the 
posterior  surface.  In  front  there  is  a  strong  proximal  trochanter 
(fig.  6,  6),  somewhat  of  the  type  seen  in  Iguanodon^  but  more 
compressed  ;  it  is  closely  adherent  to  the  shaft  without  being  anchy* 
losed  to  it.  The  deft  on  the  posterior  side  is  more  marked  than  on 
the  anterior  side,  and  extends  for  1|  inch  below  the  proximal  arti- 
cular surface.  This  trochanter  is  broken  away  in  its  upper  part, 
but  its  base  is  -^^  inch  wide  and  nearly  ^  inch  thick.  The  inner 
half  of  the  proxmial  end  of  the  bone  is  broken  away. 

The  distal  end  is  represented  by  a  small  portion  of  the  shaft,  also 
of  a  left  femur,  and  therefore  presumably  the  same  bone.  It  is 
from  just  above  the  distal  condyles,  and  shows  on  the  posterior  sur- 
face the  usual  groove  between  the  condyles,  which  is  placed,  as 
usual,  nearer  to  the  inner  than  to  the  outer  side  of  the  bone.  The 
fragment,  which  is  only  1\  inch  long,  is  2  inches  wide  at  the  distal 
end,  and  the  greatest  antero-posterior  measurement  is  \-^  indi, 
while  in  the  condylar  groove  (fig.  7,  a)  the  measurement  is  ^  inch. 
The  front  is  flattened,  with  a  slight  tendency  to  a  median  longitudinal 
depression.  The  inner  side  is  slightly  flatter  than  the  outer  side ; 
but  both  are  well  rounded,  and  round  into  the  two  halves  of  the 
posterior  surface.  There  is  no  indication  of  any  expansion  of  the 
bone  at  the  distal  end,  and  it  is  improbable  that  the  strong  external 
muscular  process  seen  in  some  genera  was  here  developed. 

The  bone  had  a  large  medullary  cavity ;  it  is  dense  at  its  circum- 
ference, and  finely  cellular  internally.  I  estimate  the  length  of  this 
femur  to  have  been  about  12  inches.  Its  distinctive  features  are 
the  compression  and  position  of  the  proximal  trochanter.  Its  im- 
perfect preservation  renders  comparison  with  other  types  at  present 
difficult. 

The  Tibia, — The  left  tibia  is  represented  by  two  fragments  of  the 
shaft,  which  give  no  indications  of  the  forms  of  either  the  proximal 
or  distal  articular  ends.  The  distal  end  decayed  before  fos^lization, 
but  the  proximal  end  and  middle  of  the  shaft  appear  to  have  perished 
under  blows  from  the  diggers'  picks.  Proximally  the  larger  frag- 
ment is  triangular,  being  flattened  behind  and  obliquely  compressed 
from  side  to  side  so  as  to  form  a  strong  cnemial  crest,  which  is  di- 
rected outward  in  front  of  the  proximal  end  of  the  fibula.  Hie 
oblique  inner  and  anterior  surface  of  the  bone  is  flattened.  The 
external  or  fibular  side  (PL  XXXV.  fig.  8,  a)  is  gently  channelled 
from  front  to  back.    The  width  of  the  fragment,  as  preserved,  frxMn 
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Bide  to  side  posteriorly  is  1 A  inch,  from  front  to  back  at  the  ex- 
ternal border  1-j^  inch,  and  fix>m  the  cnemial  crest  to  the  inner 
posterior  border  lA  inch.  The  two  posterior  angles  of  the  bone 
are  rounded,  and  the  cnemial  crest,  which  is  gently  concave  in  the 
outline  of  its  length,  becomes  more  compressed  proximally. 

The  distal  fragment  becomes  flattened  in  front  and  convex  from 
side  to  side  behind,  with  the  fibular  side  flattened  and  front  inner 
margin  angular.  The  bone  curves  a  little  forward  towards  the 
distal  end.  Its  measurement  from  side  to  side  is  reduced  to  X  inch, 
and  from  back  to  front  to  ^  inch.  The  medullary  cavity  is  very 
large ;  its  wall  is  thinner  in  front  than  elsewhere. 

The  tibia  was  more  slender  than  might  have  been  expected, 
and  appears  to  have  been  of  about  one  fourth  the  size  of  the  tibia 
of  Hadro$awrus  figured  by  Leidy.  It  closely  resembles  in  form  the 
eame  element  of  the  skeleton  in  some  Dinosaurs  from  Qosau. 

Metatarsus. — The  metatarsus  is  represented  by  the  proximal  halves 
of  three  bones  somewhat  rubbed,  and  a  distal  end  of  another.  The 
fractures  show  them  to  have  had  medullary  cavities  ;  but  they  are 
too  imperfect  for  description.  There  is  also  a  phalange  (PL  XXXY. 
^g.  10). 

PaetIV. 

On  the  Axial  Skeleton  of  Eucercosaurus  tanyspondylus,  Seeley,  a 
Dinosaur  from  the  Cambridge  Oreensand^  preserved  in  the  Wood- 
wardian  Museum  of  the  University  of  Camh'idge  (figs.  4  &  5, 
pp.  616,  620). 

Intbodttction. 

The  remains  of  a  large  land-animal,  for  the  reception  of  which  it 
becomes  necessary  to  institute  the  genus  Eucercosaurus^  are  limited 
to  an  associated  series  of  nineteen  vertebrse  and  a  neural  arch,  ob- 
tained from  one  of  the  more  recently  opened  workings  in  the  Upper 
Greensand,  at  Trumpington,  near  Cambridge.  The  state  of  pre- 
servation is  not  very  satisfactory,  the  bones  being  often  incrusted 
with  phosphate  of  lime,  and  several  of  them  considerably  decom- 
posed, as  the  consequence  of  long  maceration.  Some  of  them  have 
also  been  a  little  worn,  and  a  few  broken,  during  their  discovery,  by 
the  picks  of  the  excavators. 

There  is  no  indication  of  the  skull  or  neck ;  but  both  may  be 
inferred  to  have  been  small,  since  the  four  dorsal  vertebrse  preserved 
show  a  considerable  and  decreasing  difference  in  size  towards  the 
neck.  At  first  sight  there  may  seem  to  be  just  a  possibility  that 
the  eighth  vertebra  may  not  belong  to  the  same  animal ;  but  against 
that  suggestion  is  the  evidence  of  similarity  of  form  and  similar 
condition  of  preservation. 

I  am  led,  by  the  forms  of  the  vertebne,  to  anticipate  that  the 
animal  carried  itself  in  a  more  or  less  erect  position,  supported  on 
the  hind  Hmbs,  and  that,  following  the  usual  osteological  law  ex- 
emplified in  the  vertebral  column  of  man,  the  growth  of  the  lower 
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donal  region  waa  in  proportion  to  tiie  increase  of  pressore  oonM- 
qnent  upon  its  haying  to  support  the  number  of  Tertehne  above  it 
No  single  centrum  is  well  preserved  in  this  dorsal  rpgion  of  tbe 
body ;  but  the  neuro-central  suture  is  maiked  by  transverse  ridges, 
and  the  underside  of  the  centrum  in  the  earlier  part  of  the  sexiea 
is  characterized  by  an  angular  or  squeezed  condition  of  the  visoeril 
aspect.  This  pinched  appearance  becomes  lost  as  the  series  is  traced 
backward,  and  in  place  of  the  inferior  keel  a  well-rounded  visceral 
surface  is  developed.  The  neural  arch  preserved  is  strong,  but  not 
high ;  the  transverse  processes  are  given  out  horisontally  from  it^ 
and  the  ribs  may  have  been  articulated  to  them  exdusivdy.  The 
sacral  region  is  represented  by  three  vertebne,  but  of  such  forms  as 
to  suggest  that  there  were  probably  five  or  six ;  and  the  tail,  re- 
presented by  twelve  vertebra,  presents  the  unusual  condition  of  the 
vertebraa  becoming  elongated  as  they  pass  downward  in  the  series. 
The  chevron  bones,  as  indicated  by  facets  for  them,  were  at  first 
imusually  large ;  but  whore  the  centrum  has  developed  the  hexagonal 
outline,  which  it  afterwards  attains  when  more  elongated,  the 
chevron  bones  must  have  been  small,  since  no  definite  facets  for 
them  can  be  seen  on  the  slightly  rubbed  articular  ends.  It  is 
mainly  on  the  evidence  which  this  specimen  gives  of  a  strong  sacrum 
and  a  long  tail,  such  as  could  have  acted  as  a  balance  to  the  wdght 
of  the  anterior  part  of  the  body,  that  I  am  disposed  to  affirm  the 
erect  or  semierect  position  of  this  Trumpington  Dinosaur.  The  mo- 
difications which  the  vertebral  column  in  consequence  presents  are  of 
a  t^-pe  met  with  in  no  other  Dinosaurian  genus  from  the  Cambridge 
Greensand.  There  is  no  approximation  towards  any  of  the  typi(»l 
American  Dinosaurs,  and  there  may  be  some  uncertainty  as  to  its 
relative  position  in  the  Dinosaurian  order ;  but  it  is  probably  affiliated 
to  the  Iguanodont  family.  Tet  the  ridges  which  give  the  rema^- 
able  compressed  hexagonal  aspect  throughout  the  vertebrse  ai  the 
tail  are  so  far  similar  to  t^e  ridges  on  the  short  caudal  vertebns  of 
Acanihopholisy  as  to  suggest  that  the  difference  of  form  may  be 
mainly  a  functional  development  consequent  upon  the  different  ways 
in  which  the  bodies  of  the  animals  were  carried. 

Dorsal  Vertebra, — ^The  first  three  vertebrsB  are  from  the  eariy  pait 
of  the  dorsal  region.  The  centrum  of  the  earliest  preserved  is 
about  1-j^  inch  long.  The  anterior  articular  face  is  broken,  and 
the  posterior  articular  face  is  nearly  flat,  without  a  central  depres- 
sion. It  is  1 1  inch  wide  and  li^  inch  deep  to  the  worn  visceral 
keel.  Its  outline  was  subtriangular.  The  sides  of  the  centrum 
are  concave  from  back  to  front,  moderately  convex  from  above 
downward  as  usual,  and  terminate  in  a  sharp  keel  on  the  visoend 
surface.  The  greatest  width  of  the  centrum  in  the  middle  jnst 
below  the  neuro-central  suture  is  l-j^^^  inch.  The  attachment  of  tiie 
neural  arch  was  wide,  ^  inch,  and  is  marked  by  somewhat  irre- 
gular grooves  subparallel  to  the  articular  ends.  The  second  ver- 
tebra is  of  the  same  length,  has  the  articular  surfaces  more  or  less 
incrusted  with  phosphatic  matrix,  and  differs  chiefly  in  having 
the  sides  of  the  centrum  more  inflated,  so  that  the  articular  encb 
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haye  a  rounder  lateral  outline,  and  in  haying  the  visoeral  keel, 
which  IB  abont  ^  inch  wide  in  the  middle,  defined  by  a  grooye  on 
each  side.    What  I  take  to  be  the  posterior  articnlar  face  of  the 
centnun  is  decidedly  concaye.     Both  of  these  specimens  appear  to 
baye  suffered  from  rubbing  in  the  mill  at  the  washing  from  which 
they  were  obtained.     Beyeral  yertebne  are  missing  between  the 
second  and  the  third  of  the  series  preseryed.    The  tMrd  centrum  is 
1-^ff  inch  long  dorsally,  and  rather  less  at  the  yisceral  margin, 
Buowing  that  the  back  was  probably  arched  conyezly.    The  sides  of 
the  centrum  are  much  more  inflated,  and  the  yisceral  keel  has  disap- 
peared from  the  middle  of  the  base  of  the  centrum,  though  it  is 
still  indicated  by  strong  rugosities  at  the  two  ends.     The  side  of 
the  centrum  adjacent  to  the  articular  ends  continues  this  rugose 
condition  round  the  side  by  means  of  short  wayy  ridges.      The 
Tisoeral  surface  was  somewhat  rubbed  before  fossilization ;  but  the 
articular  ends,  as  preseryed,  are  nearly  circular.    The  anterior  face 
is  IX  inch  deep,  slightly  cupped,  with  a  central  boss.     The  poste- 
rior face  is  1 X  inch  wide,  moderately  cupped,  but  without  any 
central  eleyation.    The  articular  margins  are  a  little  worn,  but 
appear  to  haye  been  rounded.    Again,  seyeral  yertebrae  are  missing 
between  the  third  and  fourth.     All  ^ace  of  the  yisceral  keel  has 
now   disappeared,  and  the    centrum  has  again   become  slightly 
deeper  than  wide,  and  has  a  somewhat  compressed  aspect  at  the 
sides,  owing  to  its  depth.    The  rugose  marks  for  ligamentous  attach- 
ment are  relatiyely  stronger  and  longer  than  in  the  earlier  yertebra). 
There  is  a  small  nutritiye  foramen  more  than  a  third  down  the  side 
and  intermediate  between  the  two  ends.    Similar  foramina  occur  in 
the  preyiously  described  yertebr©.     This  centrum  is  1^  inch  long 
on  the  neural  surface,  and  apparently  less  on  the  yisceral  surface, 
though  one  end  of  the  specimen  had  decomposed  from  maceration 
before  it  was  fossilized.     The  articular  ends  are  slightly  concaye,  and 
the  posterior  end  is  nearly  2  inches  deep  and  1^  inch  wide,  as  pre- 
seryed.   The  lines  of  the  neuro-central  suture  are  nearly  obliterated 
by  decomposition,  but  the  least  width  of  the  centrum  in  the  middle 
is  lA  indi. 

Saerum. — Of  the  sacrum  three  yertebr©  are  preseryed.  They  so 
far  closely  correspond  with  sacral  yertebrse  of  Anoplosaurus  as 
strongly  to  suggest  that  in  this  genus  also  there  wore  at  least  six 
elements  in  the  sacrum.  The  two  bones,  which  haye  the  forms  of 
second  and  third  yertebrse  (fig.  4,  a,  6,  p.  616),  fit  together  by  natural 
surfaces,  and  show  that  the  sacral  elements  were  in  the  closest  possible 
bony  union,  short  of  anchylosis,  the  coadapted  intercentral  sur- 
faces being  irregular.  There  is,  howeyer,  some  difficulty  in  adapting 
the  third  sacral  yertebra  to  the  articular  surface  of  the  fourth  (?)  (c) ; 
so  that  it  would  seem  more  probable  that  another  yertebra  should 
baye  been  introduced  between  them.  But  the  anterior  end  of  the 
fourth  (?)  centrum  was  destroyed  by  decomposition  before  fossiliza- 
tion, and  the  posterior  surface  is  partly  destroyed  by  fracturago 
since  it  was  exhumed.  And  when  the  three  centrums  are  placed 
together  in  sequence  resting  on  the  yisceral  surfaces  as  they  pro- 
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bably  lay  on  the  sea-bed,  the  whole  of  the  neural  surfaces  are  seen 
to  be  80  much  decomposed  that  the  vertebral  form  is  scarcely  re- 
oognizable. 

Fig.  4. — ITiree  Sacral  VertehrcB  of  Euceroosaums  tanyspondyloa, 

nat.  size. 
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The  vertebra  wbioh  from  its  resemblance  to  the  fourth  sacral  of 
Anophsaurta  (fig.  4,  c)  I  regard  as  holding  that  place  in  the  series 
measures  rather  more  than  1^  inch  in  length,  and  has  a  broad  shallow 
channel  on  the  median  part  of  the  visceral  surface,  deeper,  however, 
than  in  Anaphsaunu,  This  is  bounded  laterally  by  two  broad  well- 
rounded  ridges,  into  which  it  merges,  and  which  terminate  inf eriorly 
the  comparatively  flat  sides  of  the  centimm.  At  what  I  take  to  be 
the  anterior  end  these  ridges  are  a  little  more  divergent  than  at  the 
posterior  end.  The  base  of  the  centrum  has  no  sharply  defined 
border,  but  is  about  X  inch  wide  at  the  articular  ends.  What 
remains  of  the  sides  of  the  centrum  is  only  sufficient  to  show  that 
these  were  moderately  concave  from  front  to  back,  and  compara- 
tively flat  and  divergent  from  below  upward.  Only  a  small  frag- 
ment of  the  neural  canal  is  preserved,  enough  to  show  that  the 
depth  from  this  surface  to  the  base  of  the  centrum  towards  the 
middle  of  the  vertebra  was  about  1|  inch.  The  sides  appear  to 
have  diverged  outward  anteriorly,  as  though  to  give  attachment  to 
small  sacral  ribs ;  but  behind  the  indication  of  this  anterior  infla- 
tion, of  which  there  is  no  trace  in  AnoplosauruSy  there  appears  to 
have  been  a  broad  rounded  prolongation  of  the  side  upward  towards 
the  neural  canal,  as  though  for  the  passage  of  an  intervertebral 
nerve.  There  is  nothing  to  indicate  the  deep  excavation  of  the 
centrum  for  the  expansion  of  the  spinal  cord  in  the  sacral  region ; 
but  only  evidence  that  the  vertebral  nerve,  when  given  off,  was 
prolonged  downward  instead  of  upward.  The  smaU  fragment  of 
neural  surface  is  flat. 

The  centrum  which  corresponds  best  in  form  with  the  second 
sacral  of  Anoplosaurm  (fig.  4,  a)  has  become  naturally  fractured  and 
enlarged  before  fossilization,  as  a  consequence  of  maceration  and 
absorption  of  phosphatic  material  It  is  broad  and  deep,  expanded 
at  the  posterior  end,  but  with  the  base  and  sides  so  well  rounded 
as  to  form  about  two  thirds  of  a  circle.  The  anterior  end,  which 
is  roughened  from  decomposition  and  the  natural  rugoseness  of  the 
articular  face,  is  vertically  semiovate,  being,  as  preserved,  2^^  inches 
wide  below  the  neural  canal,  and  1^  inch  deep.  The  posterior  end 
widens  as  though  to  give  attachment  to  strong  sacral  ribs,  and 
measures  from  side  to  side  nearly  2^  inches,  while  as  preserved 
it  is  only  1|  inch  deep ;  hence  the  crumpled  irregular  articular  face 
is  transversely  subreniform.  The  indications  of  the  neural  surface 
are  comparatively  flat,  widening  posteriorly,  and  widest  just  in 
front  of  the  sacral  ribs,  where  it  may  be  presumed  that  sacral  nerves 
were  given  off. 

Of  the  third  sacral  element  (fig.  4,  h)  nothing  remains  but  the 
basal  portion  of  the  centrum.  It  is  1^  inch  long,  l-j^  inch  wide 
posteriorly  at  the  sides,  which  are  flat  and  vertical,  and  rounded 
into  the  nearly  flat  base,  which  is  slightly  concave  from  front  to 
back  and  slightly  convex  from  side  to  side.  On  a  level  with  the 
base,  at  the  anterior  ends  of  the  sides,  are  large  facets  fully  an  inch 
long  for  sacral  ribs.  The  articular  ends  appear  to  have  the  same 
rugged  faces  noticed  in  the  preceding  sacral  element. 
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CteiMiiiZ  F<0r<06rar(fig.  5,  p.  620). — ^The  tail  i^peais  to  have  eom- 
prised  three  types  of  Teitetoe.  Of  the  eeiliert  caudal  there  is  one,  of 
tiie  middle  candal  four  yertebrsB,  and  of  the  later  caudal  rcigion  fire. 
To  these  I  have  added  proviaionally  two  later  caudak  in  the  same 
condition  of  mineralization  and  of  similar  sice,  also  from  the  Tmmp- 
ington  pit,  which  show  ezaody  the  same  characters,  but  were  fomid 
subsequently. 

The  first  caudal  is  distinguished  by  a  idtort  deep  centmm  with  a 
rounded  visceral  surface,  flattened  articular  ends,  no  chevron  bones, 
small  neural  arch,  and  apparently  poorly  developed  transverse  pn>- 
cesses,  which  are  abraded.  The  centrum  is  about  1^  inch  long,  less 
along  the  neural  canal  and  more  at  the  inferior  border.  The  arti- 
cular face  is  1|  inch  deep  in  front,  and,  as  preserved,  of  the  same 
width,  though  originally  wider.  A  transverse  depression  runs  across 
it  in  the  middle  so  as  to  divide  the  surfSace  into  superior  and  infericff 
partions  meeting  at  a  slight  angle.  The  neural  canal  appears  to 
have  been  about  ^  inch  in  diameter.  The  neural  arch,  as  preserved, 
extends  the  whole  length  of  the  centrum,  is  depressed  in  front,  and 
appears  to  have  been  fractured  at  its  upper  and  hinder  prolongation. 
All  trace  of  the  transverse  process  is  removed  by  abrasion  ;  it  was 
given  off  on  a  level  with  the  base  of  the  neural  canal. 

The  four  middle  caudal  vertebre  successively  increase  in  length, 
have  the  sides  of  the  centrum  compressed,  and  the  base  narrow  and 
rounded,  largely  encroached  upon  by  the  facets  for  Uie  chevron 
bones.  These  vertebra  have  s^ng  transverse  processes  given  off, 
so  as  to  extend  outward  and  a  little  forward.  These  transverse 
processes  are  flattened  and  apparently  hollow,  like  the  rest  of  the 
neural  arch,  and  perhaps  the  body  of  the  centrum,  lliey  rapidfy 
become  small,  and  in  the  fourth  are  reduced  to  transverse  ridges 
which  are  already  below  the  level  of  the  neural  canaL  The  first 
centrum,  as  preserved,  is  1^  inch  long.  The  posterior  articular 
face  of  the  centrum  is  decomposed,  and  the  anterior  face  obecured 
with  matrix ;  but  the  facet  for  the  chevron  bone  is  a  large  equi- 
lateral triangular  area  with  rounded  angles,  about  ^  inch  long. 
The  space  is  concave,  as  though  the  bone  had  decomposed ;  but  the 
decomposition  does  not  extend  onto  the  rounded  articular  margin 
of  the  centrum.  The  depth  of  the  centrum  from  the  base  of  the 
neural  canal  is  rather  less  than  1^  inch.  The  space  between  the 
two  facets  for  the  chevron  bones  on  the  base  of  the  centrum  is  less 
than  A  inch  long.  The  transverse  process  is  about  ^  inch  thick 
and  -f^  inch  wide,  1  inch  from  inner  border  of  the  neural  canal ;  it  is 
directed  slightly  upward,  and  its  hinder  margin  inclines  forward. 
The  sides  of  the  centrum  are  flattened,  though  slightly  convex  from 
above  downward,  and  fairly  concave  from  side  to  side.  In  the  next 
caudal  the  centrum  is  2  inches  long  at  the  base.  The  posterior 
articular  surface  is  flat  and  subtriangular,  1^  inch  broad  and  about 
the  same  depth,  with  straight  converging  sides,  which  are  truncated 
inferioriy  by  the  large  facet  for  the  chevron  bone,  which  is  neariy 
^  inch  long.  The  transverse  processes  are  more  nearly  horizontal, 
but  are  broken  abruptly ;  the  neural  arch  appears  to  have  tlie  lamina) 
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Tery  thin.  The  fdlowing  vertobra,  which  is  the  eleventh  of  the 
whole  series,  is  fully  2^  inches  long.  The  anterior  facet  for  the 
chevron  bone  is  not  decomposed,  and  presents  a  flat  oblique  surface. 
The  flattened  ends  of  the  oentnun  are  slightly  concave.  The  base, 
instead  of  being  narrow  and  rounded,  now  begins  to  be  defined  by 
two  slight  parallel  ridges. 

The  twelfth  vertebra  is  about  2i  inches  long.  Here  the  neural 
arch  is  much  more  elongated,  and  the  centrum  less  deep,  so  that  the 
transverse-process  ridge,  which  extends  the  whole  length  of  the 
vertebra  and  is  slighUy  convex  in  length,  divides  the  side  into  two 
Bubequal  regions,  of  which  the  lower  is  chiefly  formed  by  the 
centrum,  and  the  upper  by  the  neural  arch,  llie  articular  ends 
are  subcircular,  rather  wider  than  deep,  and  moderately  cupped 
concavely.  The  articular  face  is  about  lA  inch  in  diameter. 
Several  vertebrae  are  here  missing,  and  the  remabder  of  the 
series  from  13th  to  19th  have  an  elongated  prismatic  form.  Those 
numbered  16  and  17  are  the  specimens  which  were  brought  to 
the  Museum  on  a  separate  occasion  from  the  others.  All  these 
Tertebrs  agree  in  every  thing  except  length,  relative  development  of 
the  facet  for  the  chevron  bones,  and  preservation.  All  have  the  ar- 
ticular face  of  the  centrum  subcircular  and  concavely  cupped.  The 
sides  are  divided  by  a  median  ridge  into  two  areas  on  each  side,  of 
which  the  upper  pair  are  rather  the  smaller  and  more  deeply  exca- 
vated. At  the  base  there  is  a  narrow,  slightly  channelled  region 
defined  by  parallel  sides ;  and  a  similar  region,  somewhat  wider  and 
shorter,  runs  along  the  upper  surface  of  the  neural  arch,  so  that  the 
vertebrae  have  a  compressed  hexagonal  aspect.  The  13th  is  rather 
over  3|  inches  long ;  the  14th  2^  inches  long.  The  15th  (imperfect) 
shows  the  anterior  end  of  the  neural  arch,  but  is  not  sufficiently 
well  preserved  to  show  whether  the  zygapophyses  interlocked. 
The  16th  vertebra  ("^g.  6,  p.  620)  is  nearly  3^  inches  long,  and  is  the 
best  preserved  in  this  region.  It  has  the  anterior  face  of  the  centrum 
snbhexagonal,  but  with  the  upper  piir  of  lateral  elements  shorter 
than  the  lower  pair,  1|  inch  wide  at  the  outer  angle,  and  about  as 
deep  to  the  rounded  surface,  where  a  chevron  bone  may  still  have  been 
attached.  The  posterior  articular  face  is  of  the  same  size.  The 
extreme  depth  of  the  centrum  in  front  is  1-A^  inch.  The  median 
ridge  on  the  side  of  the  centrum  is  concave  m  length,  so  that  the 
diameter  of  the  bone  in  the  middle  of  the  ridge  is  1  inch.  The 
lateral  spaces  above  and  below  this  ridge  are  ^  of  an  inch  high  in 
the  middle  of  the  centrum ;  the  narrow  base  is  less  than  |  inch 
wide.  The  width  of  the  neural  arch  posteriorly  is  about  ^  inch ; 
along  it  in  the  superior  median  line  runs  a  slight  ridge.  The  neural 
arch  has  a  more  pinched  aspect  than  the  part  of  the  centrum  below 
the  median  lateral  ridges.  The  17th  vertebra  is  2^  inches  long ;  it 
shows  that  the  chevron  bones  still  exist,  but  that  the  articular  faces  of 
the  centmm  have  become  slightly  smaller,  though  hardly  more  deeply 
capped.  The  18th  and  19th  vertebrae  are  represented  by  fragments 
which  add  nothing  to  our  knowledge  beyond  showing  that  the 
central  part  of  the  centrum  was  either  hollow  or  occupied  by  a 
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spongy  tissue  of  the  mosi  delioate  character.  Throughout  i^ 
whole  of  these  ^^ecimens  the  external  surface  is  remailLably  dense, 
and  seems  to  have  resisted  decomposition  to  an  unusual  degree ; 
while  the  cartilaginous  surfaces  have  more  frequently   suffered 

Fig.  5. — Sixteenth  Caudal  Vertebra  o/Eucercosaurus  tanyspondylos, 
two  thii'ds  not.  size. 


a.  Left  lateral  Tiew. 


h.  Superior  ?iew. 


c.  Anterior  Tiew. 


decay.  The  isolated  neural  arch  is  much  invested  with  phosphate 
of  lime,  but  does  not  differ  essentially  from  the  neural  arch  at- 
tached to  an  early  caudal  vertebra,  except  that  the  transverse  pro- 
cesses and  platform  are  above  the  level  of  the  neural  canaL  This 
proves  the  arch  to  be  either  cervical  or  dorsal.  The  indications  ol 
the  facets  of  the  zygapophyses  show  that  the  centrum  was  probably 
l-j^  inch  long,  so  that  the  arch  would  correspond  in  size  with  the  third 
dorsal  vertebra  described.  The  posterior  zygapophyses  measure 
1  inch  transversely,  and  are  notcheid  out  to  a  moderate  extent  pos- 
teriorly ;  the  facets  are  small  and  look  obliquely  downward  and 
outward.  The  anterior  facets  are  broken  away,  but  appear  to  have 
been  limited  laterally  by  remarkable  tubercles.  Tbe  transverae 
processes  were  compressed  concavely,  notched  out  in  front  of  the 
posterior  zygapophyses,  and  extending  outward  from  the  Tertical 
laminad  of  ^e  neural  arch,  which  are  imperfectly  preserved.  The 
transverse  processes,  like  the  neural  spine,  are  fractured. 
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All  the  parts  which  are  most  characteristio  of  the  Binosanrian 
genera,  sndi  as  the  bones  of  the  extremities,  the  pelyic  and  pectoral 
arches,  and  the  teeth,  are  nnfortonatelj  wanting.  We  are  hence 
compelled  to  rely  on  the  forms  of  the  vertebral  centmms  in  esti- 
mating the  afSnities  of  this  genns ;  and  there  are  very  few  genera  in 
which  associated  sets  of  vertebrsB  from  the  several  regi<ms  of  the 
body  enable  one  to  make  a  satisfactory  comparison. 

No  other  Dinosaorian  genus  known  to  me  has  the  tail-vertebrsB 
so  hexagonal,  compressed,  and  elongated  as  in  Eucercosaurus.  Per- 
haps the  tail  of  ffi/lceo$auru8  is  least  dissimilar,  and  the  compressed 
visceral  side  of  the  earlier  dorsal  centmms  may  probably  be  taken 
to  indicate  an  affinity  towards  the  Ignanodont  family* 

Pabt  V. 

On  the  SkeUUm  of  Syngonosaums  macrocercns,  Seeley,  a  Dinosaur 

from  ike  Cambridge  Oreensand,  preserved  in  the  Woodwardian 

Museum  of  Uu  University  of  Cambridge  (figs.  6-8,  pp.  424-626). 

iKTBODXJCnOK. 

Syngonosaurus  is  founded  upon  a  series  of  nineteen  vertebrsa, 
which  represent  the  neck,  back,  sacrum,  and  tail;  and  in  some 
respects  these  vertebrse  offer  evidence  of  affiliation  to  several  Dino- 
saurian  types,  especially  to  Eucercosaurus.  The  early  dorsal  ver- 
tebrae, however,  are  remarkably  compressed  from  side  to  side,  not 
merely  at  the  base,  but  throughout  the  body ;  and  ossification  has 
progressed  so  far  that,  notwithstanding  the  somewhat  battered  con- 
dition in  which  the  remains  are  preserved,  the  neural  arches  are 
constantly  united  to  the  centrums.  In  the  lower  dorsal  region  the 
compressed  condition  of  the  centrum  is  only  recognized  in  the  great 
vertical  depth  of  the  bone.  The  ridge  on  the  visceral  surface 
jgradnally  disappears,  till  it  is  represented  by  a  mere  tubercle  below 
file  anterior  and  posterior  articular  ends.  The  ridge,  however,  re- 
appears in  the  sacrum,  where  the  depth  of  the  centrum  becomes 
greatly  diminished,  in  the  usual  manner.  The  caudal  vertebrsB  at 
first  had  centrums  with  the  articular  faces  oblique,  slightly  pro- 
coelous,  and  in  close  juxtaposition,  indicating  the  tail  to  have 
been  stifiT.  The  chevron  bones  formed  a  single  large  facet,  which 
appears  to  have  obliquely  truncated  the  lower  half  of  the  posterior 
fiaoB.  The  facet  is  represented  by  a  sutural  surface,  probably  indi- 
cating that  these  bones  were  large  as  well  as  firmly  adherent.  Ten 
vertebrsQ  are  preserved  from  the  back,  four  from  the  sacrum,  and  five 
from  the  earlier  part  of  the  tail.  These  tail-vertebr»  have  the 
centrum  much  compressed  from  side  to  side  below  the  transverse 
processes ;  but  the  visceral  surface,  though  narrow,  is  well  rounded. 
The  other  associated  bones  are  imperfect  fragments  of  a  meta- 
tarsus badly  preserved ;  and  in  the  absence  of  better  evidence  of 
their  pertaining  to  this  vertebral  column,  I  do  not  feel  that  they 
can  be  satisfactory  evidence  of  the  extremities.  There  are  eleven 
pieces  of  dermal  armour,  large  elongated  plates,  some  of  which, 
Q. J. G. 8.  No.  140.  2u 
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iq[>pear  to  have  been  symmetrical  and  median,  oilierB  to  have  been 
placed  laterally.  Each  plate  baa  a  sharp  elevated  lidge.  But 
there  is  no  positive  evidence  that  the  armour  was  fonnd  with  the 
bones.  The  circamstanoe  was  not  stated  when  the  odleotiiHi  was 
purchased  by  the  Univeraity ;  but  after  the  remains  were  ezbiHted 
in  the  Woodwardian  Mnseom,  Mr.  W.  Farren  mentioned  to  me 
that  both  sets  of  bones  came  to  him  at  the  same  time  and  from  the 
same  washing,  and  might  therefore  perhaps  have  been  associated 
portions  of  one  animaL  This  species  was  indicated  in  my  *  IndoL ' 
1869,  pp.  xvii  &  24,  as  Aeanthapholia  maerooereiu. 

The  VerUhral  Column. — ^The  vertebral  column  steadily  enlarges 
from  the  neck  to  the  lower  part  of  the  back.  In  the  earlier  doraal 
region  the  articular  faces  of  the  centrums  are  slightly  concave  ;  but 
iu  the  lower  part  of  the  back  they  are  flat  at  both  ends.  In  the 
early  part  of  the  tail  the  articulation  appears  to  indicate  a  stalT  con- 
dition ;  but  in  the  lower  part  of  the  tail  the  articular  faces  are 
fairly  concave.  Notwithstanding  the  worn  state  of  the  specimens, 
they  all  agree  so  perfectly  in  character,  and  are  so  different  fhmi 
any  other  remains  that  liave  been  found,  that  no  doubt  can  be 
entertained  as  to  their  being  portions  of  a  single  animaL  It  ii 
impossible  to  tell  how  much  of  the  abrasion  was  produced  in  the 
washing^miU,  and  how  much  before  fossilization ;  but  as  the  bones 
show  evidence  of  firacture  and  decomposition,  it  is  probable  that 
much  of  the  worn  appearance  which  they  present  has  resulted 
from  deoav  consequent  upon  maceration  and  exposure  of  the  up- 
turned surfaces. 

Cervical  Vertd>ra. — ^Although  this  specimen  is  sufficient  to  give 
important  characters  of  the  cervical  region,  it  has  neither  arti- 
cular end  preserved,  and  shows  but  little  of  the  neural  arch.  Hie 
centrum  was  about  1^  inch  long  and  1^  inch  deep.  It  is  o(nn- 
pressed  firom  side  to  side,  and  has  the  base  narrow  and  rounded. 
The  neural  arch  is  defined  from  the  centrum  by  a  deep  groove ; 
below  this  groove  and  behind  the  upper  part  of  the  antmor  arti- 
cular face  is  an  indication  of  the  large  tuberde  for  the  rib,  whidi 
must  have  been  folly  half  an  inch  in  diameter.  The  posterior 
articular  face  of  the  centrum  was  triangular.  The  platform  of 
the  neural  arch  reached  to  a  height  above  the  base  of  tiie  centrum 
of  2^  inches.  The  transverse  process  for  the  upper  head  of  the  rib 
was  directed  outward  and  forward;  it  is  fractured,  and  is  there 
^  inch  deep.    The  neural  canal  was  large,  and  nearly  1  inch  hi^ 

Dorscd  VertehrcB, — The  next  four  vertebne  belong  to  the  early 
dorsal  region ;  they  differ  from  the  cervical  chiefly  in  being  a  little 
larger,  wanting  we  tubercle  for  the  rib-articulation,  and  in 
the  increasing  depth  and  width  of  the  centrum.  The  neural  arch 
also,  which  is  partly  preserved  in  three  out  of  the  four,  is  <Brecied 
more  obviously  outward.  But  all  these  vertebras  have  the  same 
compressed  centrum,  with  comparatively  flattened  sides,  converging 
to  a  narrow  rounded  base  and  subtriangular  articular  terminal  ends. 
When  the  neural  arch  is  broken  away,  it  is  seen  to  have  united  wi& 
the  centrum  by  rugose  transverse  ridges,  arranged  on  a  facet  whidi 
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extenda  the  length  of  the  oentrom,  and  looks  obliquely  outward  and 
upward.  The  length  of  the  centrum  in  this  region  varies  between 
1^  inoh  and  1^  inch.  The  articular  ends  widen  at  the  upper 
margin  from  little  more  than  1  inoh  to  1^  inch,  and  the  depUi  is 
about  1-A-  inch.  The  sides  are  slightly  concave  from  back  to  front, 
and  their  curve  is  prolonged  upward,  continuous  with  the  neural 
arch,  which  is  always  distinguished  by  the  deep  groove  already  re- 
ferred to.  The  succeeding  four  belong  to  the  lower  dorsal  region ; 
in  them  the  centrum  increases  in  size  and  depth,  and  its  side  be- 
comes rather  more  convex.  It  still  retains  the  basal  ridge,  which 
becomes  sharper,  and  sometimes  disappears,  being  marked  by  a 
tubercle  at  each  end.  In  the  earliest  of  these  four  vertebne,  the 
height  from  the  base  of  the  centrum  to  the  platform  of  the  neural 
arch  is  rather  more  than  2^  inches,  and  the  length  of  the  centrum 
is  1|  inch,  while  its  depth  from  the  neural  canal  is  about  lA-  inch. 
In  the  lai^est  and,  apparently,  last  or  last  but  one  of  the  four,  the 
width  of  the  centrum  at  the  anterior  articular  face,  as  preserved,  is 
1^^  inch,  while  the  depth  of  the  centrum  is  about  the  same.  From 
the  decreasing  height  of  the  neural  arch  this  vertebra  may  be  sup- 
posed to  be  near  to  the  sacral  region.  It  is  1 A^  inch  long  in  the  dorsal 
measurement,  and  less  ventrally.  The  height  to  the  pktform  of  the 
neural  arch  from  the  middle  of  the  base  is  2  j  inches. 

The  transverse  processes  are  about  j  inch  tbick,  but  are  fractured. 
The  neural  spine  and  zygapophyses  are  also  broken  awav»  but  the 
zygapophyses  look  inward  as  well  as  upward.  The  ninth  dorsal 
vertebra  differs  so  much  from  those  with  which  it  is  associated,  and 
recalls  so  strongly  the  dorsal  region  of  Acanihopholis,  that  I  am  in- 
clined to  regard  it  as  having  become  accidentally  mixed  with  the 
other  remains.  It  is  in  the  same  state  of  mineralization,  but  is 
much  longer,  had  a  perfectly  rounded  base,  was  most  compressed 
below  the  neural  arch,  and  had  circular  articular  ends,  with  a 
central  pit,  so  that  I  feel  no  doubt  that  it  ought  not  to  be  included 
in  the  definition  of  Syngonosaurus. 

Sacrum, — ^The  sacrum  (fig.  6,  p.  624)  has  lost  the  neural  arches,  and 
consists,  as  preserved,  of  two  portions,  each  of  which  includes  parts  of 
two  vertebrae,  so  that  there  were  certainly  no  fewer  than  four,  and 
may  have  been  more.  The  last  dorsal  described  corresponds  in  size 
and  character  with  the  first  sacral  of  the  larger  fragment,  which 
has  a  similar  flat,  subtriangular,  articular  end  (fig.  6,  a),  which  is 
ItV  iiich  broad  at  the  upper  part,  as  preserved.  The  sides  are  convex 
^m  above  downward,  and  meet  in  a  sharp  keel  in  the  middle  of  the 
^»8e.  The  suture  between  the  first  and  second  vertebra  is  entirely 
obliterated.  The  depth  from  the  neural  canal  to  the  middle  of  the 
base  ia  1^  inch ;  in  the  second  vertebra  it  becomes  reduced  to  1|  inch. 
The  fragment  is  3^  inches  long,  which  I  estimate  to  be  within  atenth 
of  an  inch  of  the  length  of  two  vertebrae.  The  base  of  the  second  ver- 
tebra is  much  more  convex  than  that  of  the  first,  and  the  median 
keel  is  all  but  obliterated.  The  width  of  the  centrum  in  the  middle 
M  rather  less  than  1 J  inch  in  the  first  sacral  vertebra,  and  somewhat 
Biore  in  the  second.  The  state  of  preservation  is  such  that  there  are 
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no  indicatioiis  of  facets  for  the  attachment  of  sacral  ribs,  unless  they 
be  in  the  fractured  and  decomposed  sides  of  the  second  sacral 
element.  The  other  sacral  fragment  is  smaller,  and  consists  of  the 
hinder  portion  of  a  Tertebra  with  a  flattened  underside,  which 
unites  by  a  jnsible  suture  (flg.  6,  b)  with  the  fourth  sacral,  which  is 
1-r^  inch  long.  At  the  junction  of  these  two  vertebrse  there  is  laterally 
a  large  flattened  surface  of  11  inch,  and  extended  to  the  bases  of  the 
centrums,  to  which  one  of  the  principal  sacral  ribs  was  obviously 
attached.  The  fourth  sacral  is  very  narrow,  measuring  only  1  inch 
from  side  to  side  in  the  middle,  and  having  well-rounded  sides  and 
a  rounded  base.  Neither  vertebra  shows  any  portion  of  the  neural 
canal ;  and  the  posterior  face  of  the  fourth,  which  seems  to  have 
become  separated  from  the  sacral  vertebra  next  succeeding,  was  flat, 
small,  subcircular,  and  hardly  more  than  1  inch  in  diameter  (fig.  6,  e). 
Caudal  VerUhrcB. — ^The  five  caudal  vertebrae  are  not  consecutive. 
The  two  earliest  (fig.  7)  have  the  centrums  with  oblique  articular 

Fig.  7. — Second  Caudal  Vertebra  of  Syngonosaurus  macrocercus, 

nat,  size. 


A.  Bight  later 
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BurfaoeBy  which  in  front  are  cupfped  and  behind  are  flattened.  The 
angle  of  inclination  of  the  articular  faces  is  abont  55°.  The  length 
of  the  centrum  along  the  neural  canal  is  fully  2  inches.  The  mar- 
gins of  the  articular  faces  are  worn.  The  centrum  is  oompreesed  from 
side  to  side,  and  at  the  base  the  sides  round  together.  The  trans- 
yerse  process  is  given  off  on  a  level  with  the  base  of  the  neural 
canal  as  usual,  but  is  broken,  and  only  a  small  fragment  of  the 
neural  arch  is  preserved,  so  as  to  arch  over  the  spinal  cord  in  front, 
forming  a  foramen  about  ^  inch  in  diameter.  Above  the  transverse 
process  the  neural  arch  is  somewhat  pinched  in,  as  is  the  centum 
below.  The  depth  from  the  neural  canal  to  the  base  of  the  centrum 
is  about  1^  inch ;  the  width  £rom  side  to  side  is  about  1^  inch. 
The  base  of  the  articulation  posteriorly  is  truncated  by  an  oblique 
triangular  facet  for  the  chevron  bone ;  but  it  is  uncertain  whether 
iluB  condition  also  marks  the  anterior  facet.  A  vertebra  is  probably 
missing  from  between  the  second  caudal  and  the  third ;  for  the  third, 
fourth,  and  fifth  become  rather  more  elongated,  the  third  (fig.  8) 
measuring  2^  inches  long.     It  is  more  compressed  from  side  to 

Fig.  8. — Tliird  Caudal  Vertebra  o/ Syngonosaurus  macrocercus, 
nat.  size. 


a.  Right  lateral  view.  b.  Pc^terior  view.  c.  Anterior  Tiew. 
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mde  below  the  transverse  process,  has  a  narrower  rounded  base,  and 
tarminates  at  each  end  in  a  large  snboiroidar  concave  cup,  which  is 
ll^  inch  in  diameter ;  below  this,  at  the  posterior  end,  is  a  large 
shield-shaped,  subtriangular,  rugose  facet  for  the  chevron  bone, 
-which  is  ^  inch  deep  and  fully  1  inch  wide.  The  measurement 
irom  the  neural  canal  to  the  base  of  this  facet  is  l-j^^  inch. 

Exoept  that  they  are  longer,  these  vertebrsB  recall  closely  the  forms 
of  some  of  the  earlier  caudid  vertebras  of  Eucercosaurus ;  but  the 
shape  which  was  there  seen  to  be  characteristic  of  one  or  two  ver- 
tebrae only,  here  seems  to  extend  throughout  the  series ;  and  though 
the  centrum  has  in  the  last  caudal  preserved  become  reduced  to  little 
more  than  half  the  depth  of  the  earliest,  there  is  no  indication  of 
changing  character,  and  the  transverse  process  remains  strong.  The 
reeemblflmce  is  dose  as  far  as  it  goes ;  but  in  the  sacrum  and  dorsal 
regions  the  character  b  quite  different,  and  Eueereosaurus  has  neither 
the  compression  of  the  body  of  the  centrum  nor  the  sharp  keel,  ex- 
cept in  the  earliest  dorsal  preserved.  These  points  of  resemblanco 
indicate  dose  affinity,  but  do  not  suggest  generic  identity. 

Bonei  of  the  EartrmnUieB, — With  this  vertebral  column  were  found 
four  metatarsal  bones.    They  are  rather  more  than  half  the  size  of 
the  complete  metapodium  which  I  figured  in  the  'Annals  of  Natural 
History'  for  November  1871,  and  regarded  as  probably  pertain- 
ing to  the  fore  limb.     The  first  left  metatarsal  is  fairly  perfect, 
2^  inches  long,  1^  inch  wide  proximally,  and  1^^  inch  deep  at 
the  proximal  end,  which  is  imperfectly  preserved.    Its  sides  are 
concave,  and  it  widens  distally  to  1^  inch,  where  the  articular 
face  is  concave  from  side  to  side,  well  rounded  from  above  down- 
wards, and  about  X  inch  deep.    The  other  three  are  the  proximal 
ends  of  the  secono,  third,  and  fourth  metatarsal  bones.    When  the 
four  are  placed  together  they  measure  rather  over  5  inches  from  side 
to  side,  whidi  is  a  greater  width  of  foot  than  I  should  have  antid- 
pated  for  Syngimosawrm ;  but,  in  the  absence  of  the  larger  bones  of 
the  hind  limb,  it  is  impossible  to  affirm  or  deny  their  daim  to  bdong 
to  this  animaL    There  are  also  two  phalanges  which,  from  their 
shortness,  may  be  first  and  second :  but  these  also  are  so  large,  re- 
latively to  the  metatarsus,  as  to  suggest  doubt  as  to  their  natural 
association  with  them.    The  first  is  2A  inches  wide  and  l^^  inch 
deep  at  the  proximal  end ;  it  is  2^  inches  long  and  1^  inch  thick. 
The  Beeond  phalange  is  2^  inches  wide  and  l-j%  inch  deep  at  the 
proximal  end,  is  1^  inch  long,  and  is  compressed  towards  the  distal 
end,  so  as  to  be  there  less  than  an  inch  thick.   The  indication  of  the 
fore  limb  is  limited  to  the  proximal  end  of  the  humerus ;  but  the 
greater  part  of  the  bone  is  lost.    The  proximal  end  of  the  right 
hmaenis  is  not  quite  perfect  on  the  radial  side,  but  is  2^  inches 
wide  and  1-,^^  inch  deep  over  the  middle  of  the  head.    The  ulnar 
side  of  the  head  is  modified  after  the  pattern  of  the  crocodile,  and  a 
sharp  ridge  is  prolonged  down  the  two  inches  preserved  of  the  ulnar 
side  of  the  bone,  which  is  compressed.    The  whole  proximal  part  of 
the  shaft  rapidly  becomes  compressed  distally,  and  as  rapidly  nar- 
rows from  side  to  side ;  the  articular  head  shows  the  oharaoter- 
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utio  Dinosaarian  conyexity  on  the  middle  of  the  dorsal  surface,  bub 
appears  to  be  less  oonoave  than  usual  on  the  ventral  aspect.  Some 
doubt  may  well  attach  to  the  association  of  this  bone  with  the  yot- 
tebral  column. 

There  are  twelve  subovate  pieces  of  dermal  armour  reputed  aaso* 
ciated  with  the  skeleton.  They  vary  from  2|  to  3^  inches  in  l^igth, 
are  about  2  inches  wide,  and  have  a  strong  elevated  angular  crest 
and  fold  running  down  the  length  of  the  plates,  which  have  the 
lateral  halves  a  little  concave.  The  margins  are  thin  and  show  no  signs 
of  overlapping,  except  at  the  posterior  ends ;  and  the  external  surface 
is  roughened,  with  an  irregular  pitted  appearance,  similar  to  that 
seen  in  Acanthopholis  and  Scelidosaunu.  The  dermal  surface  is 
usually  smooth  and  concave;  but  one  symmetrical  plate  has  the 
under  surface  deeply  excavated,  evidently  for  a  muscle,  and  may 
therefore  be  inferred  to  be  one  placed  over  the  neural  spine  of  a 
vertebra ;  it  is,  however,  in  a  slightly  different  state  of  minerali- 
zation, and  possibly  may  not  belong  to  the  series.  It  must  remain 
for  the  present  an  unsettled  question  whether  Syngonosaurus  was 
really  armoured,  though  the  probabilities  lean  in  that  direction. 
The  only  existing  reptiles  in  which  dermal  armour  of  the  pattern 
found  among  the  Dinosaurs  is  met  with  are  the  Chelonians ;  and 
in  that  order,  both  on  the  limbs  and  tail,  dermal  bones,  covered 
with  a  homy  sheath,  are  found,  which  differ  from  those  of  Dinosaurs 
chiefly  in  size. 

PabtYI. 

On  the  Dorsal  and  Caudal  Vertebra:  of  Acanthopholis  stereocercus, 
fSeeleyj  a  Dinosaur  from  the  Cambridge  Oreensandy  preserved  in 
the  Woodwardian  Museum  of  the  University  of  Cambridge ;  with 
som>e  notice  of  a  second  species  of  Anoplosaurus  collected  with  these 
remains* 

Among  the  smaller  series  of  Dinosaurian  bones  coUected  for  the 
Woodwardian  Museum  by  Mr.  W.  Farren,  is  a  collection  of  twelve 
vertebrso  and  a  fragment  of  a  dermal  spine,  which  were  catalogued 
in  my  Index  to  Aves,  Omith.  and  Kept.  1869,  pp.  xvii  and  24,  as 
Acanthopholis  stereocercus.  Looking  at  the  specimens  anew,  I  have 
no  doubt  that  the  remains  are  not  all  referable  to  one  species.  The 
first,  which  is  in  bad  preservation,  is  a  cervical ;  it  has,  apparently, 
got  into  the  washing-mill  and  become  worn.  It  is  so  far  similar 
to  Anoplosaurus  as  to  suggest  that  it  reaUy  belongs  to  the  neck  of 
a  second  species  of  that  genus.  The  next  two  are  dorsal;  then 
follows  a  postsacral  of  remarkable  form,  which  is  succeeded  by  an 
early  caudaL  The  next  three  caudal  vertebrae  I  do  not  now  regard 
as  pertaining  to  the  same  species,  and  separate  them  as  belonging 
to  a  second  and  undescribed  species  of  Anoplosaurus.  Th»y 
want  the  median  groove  on  the  base  of  the  centrum,  which  is 
characteristic  of  the  caudals  of  Acanthopholis^  and  in  all  essential 
•characters  they  have  the  general  facies  of  caudal  vertebra  of  Ano^ 
plosaurus ;  but  differ  from  the  species  already  described  in  the  ver* 
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tebrse  being  of  relatively  mucli  greater  length,  and  distingoislied  by 
carrying  the  neural  canal  in  a  deep  groove  in  the  centrum.  The 
remaining  three  vertebrae  present  fiie  oharaoters  of  AcanthopholiSf 
and  may  well  have  belonged  to  the  same  animal  as  the  preceding 
five  bones. 

Danal  Vertebra. — ^The  two  dorsal  vertebrsB  present  the  charac* 
ters  already  described  in  dorsals  of  Aeanthopholie  and  AnophsaunUf 
but  have  the  articular  faces  of  the  centrums  more  deeply  concave 
than  in  any  form  hitherto  described.  It  may  therefore  be  enough 
to  say  that  the  dorsal  measurement  in  both  is  a  little  greater  than 
the  visceral  measurement ;  that  the  aspect  is  Teleosaurian,  slightly 
compressed,  and  well  rounded  on  the  base.  There  are  several  small 
nutritive  foramina  in  the  middle  of  the  side.  The  neural  canal  is 
a  long  groove  with  parallel  sides,  and  its  width  is  less  than  the 
width  of  the  lateral  surfaces  from  which  the  pedicle  for  the  neural 
arch  is  broken  away.  The  better-preserved  and  slightly  longer 
of  the  two  vertebras  is  1^  inch  in  extreme  length,  has  ^e  posterior 
articular  fSeu^  1^  inch  deep  and  rather  narrower,  while  the  anterior 
articular  face  is  nearly  circular,  with  the  measurement  of  1^  inch. 
The  greatest  compression  of  the  centrum  from  side  to  side,  where  its 
transverse  measurement  is  1  inch,  is  below  the  neural  canaL 

Postdorsal, — ^A  bone  which  I  am  disposed  to  regard  as  a  last 
lumbar  or,  more  probably,  postsacral  vertebra,  is  distinguished  by 
a  large  neural  canal,  and  a  centrum  which  is  oblong  and  defined 
by  six  sides.  The  body  of  the  vertebra  is  1^  inch  long,  with 
a  fiattened  base,  flattened  sides,  and  subquadrate  articular  ends. 
The  anterior  end,  as  preserved,  is  I^q  inch  deep  and  more  than  1^ 
inch  wide.  The  posterior  fSekce  is  somewhat  smaller;  both  are  concave 
purfaces,  with  a  somewhat  large  obscure  central  boss.  The  base  at 
each  end  is  1  A-  inch  wide,  and  about  -A-  inch  wide  in  the  middle. 
There  is  no  indication  of  its  lateral  ndges  being  connected  with 
facets  for  chevron  bones;  the  sides  are  similarly  gently  concave 
from  back  to  front,  and  show  a  thickened  mass  at  the  base  of  the 
neural  arch,  as  though  a  slight  transverse  process  might  have  there 
originated,  or  a  facet  existed  for  a  small  osseous  attachment.  It 
is  impossible  from  the  fractured  fragments  of  the  pedicle  of  the 
neural  arch  to  judge  what  the  characters  of  that  portion  of  the 
vertebra  were.  The  least  width  of  the  neural  canal  in  the  middle  is 
•^inch. 

The  early  caudal  vertebra  is  in  good  preservation  and  shows 
unusual  characters.  The  neural  arch  is  anchylosed  to  the  centrum, 
the  short  transverse  processes  are  well  indicated,  and  the  facets  for 
the  chevron  bones  are  unusually  large  for  this  genus,  and  divided 
from  each  other.  The  centrum  is  1^  inch  long  dorsally,  1^  inch 
long  ventraUy.  The  transverse  processes  are  short,  vertically  com- 
pressed, rather  oblique,  and  placed  posteriorly  on  the  upper  third  of  the 
centrum ;  they  measure  from  front  to  back  about  -^  inch  at  their 
bases.  Below  these  transverse  processes,  the  sides  of  the  centrum, 
which  are  flattened,  converge  towards  the  visceral  surface ;  but  the 
Jbase  can  only  be  defined  ^  the  articular  ends  by  the  width  of  the 
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&oeto  for  the  oheyron  bones,  which  is  rather  less  than  an  xaah^ 
because  the  middle  of  the  base  is  occapied  by  a  deep  groove,  move 
than  ^  inch  wide,  which  is  boat-shaped,  tapering  away  between 
the  cheyron  facets.  These  facets  are  convex  from  front  to  back, 
and  each  is  slightly  concave  from  side  to  side ;  they  ronnd  into  the 
articular  ends  of  the  centrum,  and  are  markedly  distinct  front  each 
other  at  the  posterior  end,  where  they  are  longest.  The  length  of 
the  base  of  the  centrum,  between  the  anterior  and  posterior  pairs  of 
facets,  is  ^  of  an  inch.  Above  the  transverse  process  is  a  pidr  of 
short  strong  ridges,  developed  at  the  posterior  end,  which  are 
horizontal  and  just  above  the  base  of  the  neural  canaL  The  neural 
arch  is  small,  narrow,  and  depressed ;  its  posterior  end  was  removed 
by  fracture,  but  anteriorly  it  is  less  than  i  inch  wide,  and  the 
extreme  measurement,  from  its  summit,  as  preserved,  to  the  base 
of  the  centrum  is  lA-  inch.  The  articular  faces  of  the  centrum 
are  subhexagonal,  and  somewhat  deeply  impressed  in  the  oentare, 
especially  the  anterior  face,  which  is  1^  inch  high  and  l^^  inah 
wide.  While  the  posterior  face  is  not  quite  so  high,  it  is  a  little 
wider,  and  is  less  markedly  hexagonal,  owing  to  the  influence  of  the 
transverse  processes  in  developing  an  angle  on  the  upper  third  o£ 
the  side. 

The  next  vertebra  preserved  is  from  a  much  lower  position  in  the 
tail ;  it  has  essentially  the  same  type  of  character,  and  measures 
1-^  inch  in  length  along  the  neural  canal,  but  is  so  much  smaller 
in  vertical  and  transverse  measurements,  that  the  anterior  face  is 
barely  an  inch  wide  and  almost  4}  indi  in  greatest  depth.  Hie 
posterior  face  has  the  same  depth,  and  may  have  been  a  little 
wider.  The  articular  feuMs  are  moderately  concave,  subhexagonal, 
and  prolonged  downwards  into  articular  facets  for  the  chevron 
bones,  which  are  larger  behind  than  in  front.  They  are  divided  by 
a  deep  narrow  groove,  which  runs  along  the  middle  of  the  base.  On 
the  nuddle  of  each  side  is  a  blunt  somewhat  rounded  ridge,  which 
helps  to  give  the  centrum  its  hexagonal  aspect  by  dividing  the  side 
into  two  subequal  regions,  two  of  which  converge  downwards,  and 
the  other  two  converge  upwards.  Below  these  ridges,  and  nearer 
to  the  basal  ridges,  are  two  other  moderately  devel<^>ed  longi- 
tudinal ridges ;  uid  above  also,  on  a  level  with  the  neural  caxuJ, 
are  two  more  short  ridges,  sufficiently  elevated  to  give  a  channeled, 
pinched  appearance  to  tihe  base  of  the  neural  arch,  since  another  ridge 
runs  along  that  region  on  each  side.  The  neural  arch  is  small, 
and  its  pedicle,  -^^  inch  long,  is  placed  nearer  to  tiie  anterior  than  to 
the  posterior  end,  as  in  AcanthopTiolis  Iwrridus.  The  neural  mk 
has  a  median  ridge,  which  rises  a  little  as  it  extends  backwards ; 
the  arch  is  fractured,  both  at  the  anterior  and  posterior  ends,  and 
the  neural  canal  is  small.  The  height  from  the  middle  of  the  base 
of  the  centrum  to  the  middle  of  the  neural  arch  is  1  t/^  inch.  Hie 
next  vertebra  shows  all  these  characters,  except  that  me  neural  ar^ 
is  broken  away,  and  indicates  that  the  channel  for  the  spinal  eord 
was  slightly  excavated  in  the  centrum.  The  lateral  spaces  between 
ihe  ridges  are  also  rather  more  ooncave.    The  length  of  this 
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tmm  IS  nearly  1-j^  inch ;  the  width  of  the  articular  faoe  is  fully 
A  inch.  The  last  vertebra  of  the  series  is  -^  inch  long.  It,  too, 
nas  lost  the  neural  arch,  and  has  the  articular  ends  more  deeply 
excavated  and  much  wider  than  high.  From  the  relatively  snudl 
size  of  the  base,  its  outline  is  subpentagonaL  The  neural  canal 
is  very  small,  and  the  arch  absent  from  the  posterior  third. 

In  instituting  the  species  on  these  remains,  I  rely  on  the  four 
▼ertebrsB  last  described  for  its  type,  without  in  any  way  doubting 
the  natural  association  of  the  donal  vertebrsB  with  these  caudal  ele- 
ments. Still,  as  three  caudal  vertebrsd  of  Anoplosaurus  had  become 
accidentally  mixed  with  them,  and  the  cervical  vertebra  belongs  to 
that  genus  also,  it  seems  to  me  unsafe  to  attribute  the  dorsal  ver- 
tebre  unreservedly  to  Acanthopholisy  although  we  know  that  that 
region  of  the  body  presents  no  essential  difference  from  the  same 
region  in  AnoploBaurug.  As  compared  with  the  tail  of  the  type 
species,  Aeanthophdlii  horriduSy  Huxley,  this  species  is  distinguished 
by  having  the  middle  caudals  much  more  robust,  with  a  deeper  basal 
groove  and  strongly  developed  facets  for  the  chevron  bones,  while 
the  neural  arch  is  bounded  by  lateral  ridges,  which  aro  absent  in  the 
type  species.  The  later  caudals  are  relatively  more  robust  than 
in  the  type,  and  distinguished  by  progressively  decreasing  in  length, 
by  retaining  well-developed  chevron  &cets  to  the  last,  and  by  having 
the  neural  aroh  less  developed  and  defined  by  a  deep  groove  at  its 
base. 

Anoplosaurus  major. 

The  Oervieal  Vertebra, — I  have  already  suggested  the  possi- 
bility of  this  centrum  pertaining  to  a  second  and  larger  species 
of  Anoploeaurus.  The  centrum  is  depressed  and  broad  in  firont, 
and  leans  obliquely  forward,  more  so  at  the  posterior  than  at  the 
anterior  articular  surface.  This  condition  would  probably  suggest 
that  the  neck  was  carried  in  an  upraised  position.  The  base  of 
the  centrum  is  1^  inch  long,  while  the  neural  canal  was  somewhat 
less.  The  base  is  flattened,  apparently  with  a  slight  median  ridge, 
but  is  slightly  convex  from  side  to  side,  and  the  base  makes  about  a 
right  angle  with  the  nearly  vertical  lateral  spaces  behind  the 
articular  tuberele  for  the  rib.  The  vertebra  measures  from  side  to 
side  IX  inch,  but  the  width  over  the  tubercles,  as  preserved,  is  1^ 
inch.  The  tuberdes  are  on  the  middle  of  the  side  of  tiie  centrum, 
close  to  the  anterior  articulation,  and  are  about  ^  inch  in  diameter. 
Immediately  bdiind  the  tubercles  the  centrum  has  a  pinched  aspect. 
The  antmor  face  is  transversely  ovate,  1  inch  deep,  as  preserved,  but 
the  underside  is  a  little  worn ;  it  is  moderately  cupped,  and  was 
about  1^  Inch  wide.  The  posterior  articular  smrface  is  somewhat 
deeply  cupped,  1 A  inch  in  depth  and  1-j^  inch  wide.  The  neural 
canal  is  very  wide,  being  ^  inch  in  diameter.  The  bases  of  the 
lamiDflB  of  the  neural  ardi  are  compressed^  and  extend  along  the 
length  of  the  centrum ;  they  appear  to  be  confluent  with  the  centrum, 
and  show  no  certain  indication  of  suture. 

Although  the  caudal  vertebrae  which  indicate  the  second  species  of 
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AnopJosaurvs  are  not  Buoh  as  one  would  choose  for  the  foundation  of 
anew  species,  they  differ  from  Anoplosaurtts  eurtonottis  in  the  abaenoe 
of  the  basal  ridges,  which  causes  the  base  to  be  flattened,  and  in  haying 
flat  sides,  which  are  only  broken  by  the  tubercle  which  represents 
the  transverse  process,  and  which,  prolonged  into  a  ridge,  divides 
the  side  into  two  areas.  The  facets  for  ihe  chevron  bones  were  so 
small  that  they  have  become  obliterated  by  the  wear  to  which  the 
specimens  have  been  subjected,  and  appear  to  have  only  marked  the 
posterior  ends.  The  best-preserved  specimen  has  the  centxum 
slightly  oblique,  lA  inch  long,  with  the  articular  ends  hexagonal, 
the  posterior  end  being  nearly  1-A^  inch  wide,  lA^  inch  deep.  The 
other  two  vertebrsB  are  -A^  of  an  inch  longer,  and  the  faint  ridges  of 
the  base  and  sides  are  less  developed ;  so  that  the  species  is  distinguished 
from  the  type  of  the  genus  by  ^e  more  elongated  form  of  vertebne, 
and  by  retaining  the  two  basal  angles  after  the  transverse  tubercular 
process  had  disappeared,  as  well  as  by  the  deep  excavation  of  the 
neural  canal  in  the  centrum,  and  by  the  presumably  larger  size  of 
the  adult  animal.  It  may  be  a  convenience,  pending  the  disoovery 
of  better  materials,  to  in^cate  this  species  as  Anophsaums  major, 

A  small  fragment  of  a  nearly  smooth  dermal  plate,  probably  re- 
ferable to  the  AeanthopJtolisj  was  collected  with  these  remains,  but 
is  too  imperfect  to  yield  any  useful  characters. 

Paet  VII. 

On  a  small  series  of  Caudal  VertArm  of  a  Dinosaur  from  the  Cam" 
bridge  Oreensand  (Acanthopholis  eucercus,  Seeley)^  contained  vn 
the  Woodwardian  Museum  of  the  University  of  Cambridge, 

This  note  is  founded  on  the  small  assemblage  of  six  caudal  ver- 
tebrsB  catalogued  in  my  '  Index  to  the  Secondary  Eeptiles  in  tJie 
Woodwardian  Museum,'  as  Series  vi.  (p.  24).  They  indicate  a  close 
resemblance  to  the  tail-vertebr»  of  Acanthopholis  horridus^  Huxley, 
but  differ  in  the  more  elongated  form  and  more  constricted  condition 
of  the  centrum,  in  the  somewhat  different  development  of  ridges 
upon  the  side  of  the  centrum,  in  the  rapid  diminution  in  length  of 
the  centrums,  which  in  the  type  species  remain  all  of  about  the 
same  length,  and  in  the  greater  size  of  the  bones  now  described, 
which  appear  to  indicate  a  rather  larger  species.  The  collection 
was  purchased  by  the  University  from  Mr.  Earren ;  and  I  see  no 
reason  to  doubt  lus  statement  that  the  vertebne  were  found  asso- 
ciated, and  form  part  of  the  skeleton  of  one  individuaL 

The  earliest  specimen  preserved  is  an  early  caudal.  It  is  robust, 
about  2|  inches  long,  and  l-*^  inch  deep  in  the  anterior  articular  face, 
which  is  subcircular  and  fairly  concave ;  the  posterior  articulation 
is  broken,  but  was  subhexagonal,  not  so  deep  in  vertical  mea- 
surement, and  similarly  cupped.  The  body  of  the  vertebra  is 
subcylindrical,  with  six  more  or  less  marked  longitudinal  ridges, 
two  on  the  base,  slight  and  rounded,  separated  by  an  interspace  of 
less  than  half  an  inch,  which  interspace  is  a  slightly  impressed  me- 
dian channel,  most  marked  towards  the  two  ends  of  the  centrom. 
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The  sides  of  the  vertebra  are  well  roonded ;  but  at  the  upper  third, 
behind  the  middle  of  the  centrum,  is  another  pair  of  longitudinal 
ridges,  which  become  produced  into  yery  short  transTerse  processes, 
compressed  from  abo^e  downwards,  and  imperfectly  preserved ;  the 
third  pair  of  ridges  are  those  which  form  the  bases  of  the  neural 
arch,  between  wHch  and  the  transyerse  processes  the  upper  part  of 
the  side  of  the  centrum  is  concaye.  These  pedicles,  from  which  the 
neural  arch  is  broken  away,  are  compressed  from  side  to  side,  di- 
verge a  little  as  they  extend  backwards,  reach  to  near  the  anterior 
margin,  and  extend  backwards  for  about  1^  inch.  The  outside 
transverse  measurement  of  these  ridges  in  front  is  ^  inch,  behind 
it  is  about  1^  inch. 

Several  vertebras  appear  to  be  missing  between  the  centrum  de- 
scribed and  the  second  of  the  series,  which  has  unfortunately  been 
fractured  longitudinally  and  vertically,  so  that  it  is  little  more  than 
half  a  centrum.  The  fracture  shows  the  bony  tissue  to  be  arranged 
in  short,  irregular,  parallel  longitudinal  laminae,  about  -^  of  an  inch 
apart.  The  centrum  is  longer  along  the  ventral  than  the  neural 
surface,  the  superior  measurement  being  less  than  2  inches,  and  the 
inferior  measurement  about  2|  inches,  indicating  that  the  tail  was 
curved  in  an  opposite  direction  to  the  back,  as  might  be  expected. 
The  anterior  articulation  is  much  wider  than  deep,  the  vertical 
depth  being  1^  inch,  and  the  outline  reniform,  since  the  neural  cansl 
impresses  ti^e  centrum  concavely.  The  posterior  articulation  is  much 
more  deeply  excavated  above;  the  antero-posterior  measurement 
through  the  middle  of  the  articular  faces  is  1-j^  inch.  The  greatest 
vertical  measurement  (1^  inch),  from  the  hinder  ridge  of  the  neural 
arch  to  the  facet  for  the  chevron  bone,  is  about  equal  to  the  greatest 
transverse  measurement  in  the  upper  third  of  the  centrum. 

The  subcylindrical  centrum,  which  enlarges  towards  the  two  ends, 
is  modified  hexagonally  by  eight  longitudinal  ridges,  two  on  the 
base,  faint  and  parallel,  becoming  strong  posteriorly,  where  they  ter- 
minate in  the  oblique  fEbcets  for  the  chevron  bone.  The  side  of  the 
centrum  below  the  neural  arch  is  divided  into  three  regions  by  two 
moderately  elevated  longitudinal  ridges :  the  lower  region  is  flat, 
and  measures  -^  inch  from  above  downwards ;  the  middle  region  is 
slightly  concave  and  about  half  as  wide ;  while  the  upper  region  is 
more  concave,  and  has  a  depth  of  ^  inch.  The  upper  of  these 
lateral  ridges  becomes  prolonged  outward  behind  the  middle  line 
into  a  slight  vertically  compressed  transverse  process.  The  neural 
canal  is  still  large,  but  the  arch  is  smaller ;  its  pedicles  are  very 
slight,  are  on  the  inside  of  the  neural  ridges,  and  only  measure 
about  A-  inch  in  length. 

The  tnird  vertebra  of  the  series  has  the  centrum  2^  inches  long 
on  the  inferior  margin,  and  is  smaller  in  all  measurements.  The 
transverse  tubercle  has  now  disappeared,  and  the  lateral  ridges  are 
obscure.  The  ridges  which  terminate  in  the  facets  for  the  chevron 
bone  are  well  developed  posteriorly,  and  terminate  in  two  distinct 
eurfaces,  which  look  obliquely  downwards  and  backwards.  The 
neural  arch  is  small,  and  extends  to  within  half  an  inch  of  the  an- 
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terior  articiilation ;  it  has  no  trace  of  a  neural  spine  or  lateral 
process. 

The  fonrth  vertebra  is  much  smaller  and  more  constricted.  It  ii 
folly  2  inches  long.  The  transverse  measurement  in  the  posterior 
articulation  is  1^  inch,  while  the  depth  is  about  an  inch.  The 
outline  is  subtriangular,  and  the  cup  is  deeply  excavated.  Theie 
appears  to  be  only  one  chevron  facet;  and,  tiiough  larger  poste- 
riorly, a  similar  small  facet  also  impresses  the  anterior  ^rtaculatiaD. 
This  surface  is  flat,  broadest  in  the  upper  part,  but  not  so  deep  as 
broad.  The  least  hunsverse  measurement  in  the  middle  of  the  cen- 
trum is  1  inch.  A  median  lateral  ridge  on  the  side  of  the  centrum 
is  well  marked ;  above  it  the  side  of  the  centrum  is  concave  in  both 
measurements ;  below  it  the  side  of  the  centrum  is  convex  vertically 
in  the  middle  part.  The  neural  arch  is  very  small,'and  is  margined  at 
its  base  by  ridges,  which  appear  to  mark  its  junction  with  the  cen- 
trum. The  vertical  measurement  through  the  vertebra  from  the 
neural  canal  to  the  base  is  ^  inch  just  behind  the  neural  arch. 

The  fifth  vertebra  is  1-j^  inch  long,  and  distorted  by  the  devek^ 
ment  of  the  chevron  element  only  on  the  left  side.  Normally,  t^ 
centrum  would  be  hexagonal,  with  a  median  longitudinal  ridge  on 
the  side.  The  width  in  front,  about  1-^  inch,  is  consido^bly  more 
than  the  depi^ ;  posteriorly  tiie  measurements  are  less.  The  neural 
arch  is  smaU  and  compressed,  with  its  upper  margin  horicontaL 

The  sixth  vertebra  is  as  long  as  the  fifUi,  and  has  the  facet  for  the 
hypapophysis  developed  in  front  and  behind ;  but  the  ridges  are 
absent  from  the  middle  of  the  underside  of  the  centrum.  The  lateral 
ridges,  on  the  other  hand,  are  greatly  developed  and  nearly  parallel 
to  each  other ;  this  gives  the  centrum  a  depressed  appearance.  The 
anterior  articular  face  is  the  wider,  while  the  posterior  face  is  the 
deeper,  being  more  than  ■^-  inch  deep,  the  anterior  face  being  fully 
-f^.    The  neural  canal  is  sIm  about  |  inch  wide. 

Conclusions  concerning  the  classification  and  organization  of  these 
Dinosaurs  may  conveniently  be  deferred  until  the  whole  of  ^me 
remains  have  been  described  and  figured;  but  these  and  otiiet 
studies  strongly  enforce  a  conviction  that  the  Dinosauria  are  far  more 
nearly  relat^  to  the  Triassic  and  older  Secondary  Crocodilia  than 
the  evidence  of  their  affinities  hitherto  adduced  would  have  pre- 
pared us  to  anticipate. 

EXPLANATION  OP  THE  PLATES. 

All  the  figures  are  of  the  natural  use. 

PULTB  XXXIV. 

The  Teriebral  oohinm  of  Jncphsaurui  cvrtomfUa, 

Fig.  1.  Left  lateral  aspect  of  third  to  serenth  eertieal  oentroms,  showing  htm 
the  bodies  of  the  TertebrsB  increase  in  depth  from  before  baekward. 
and  indicating  at  the  upper  anterior  comer  of  each  an  ittarhnifm 
for  a  oerrical  rib. 
1  a.  Visceral  aspect  of  third  (?)  cerrical  rertebra,  showing  flattened  and 
rounded  under  surface,  and  ezpanaon  towards  the  anterior  end. 
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Fig.  2.  Left  Uteral  aspect  of  fourteenth  to  eighteenth  oentmms  of  the  seriee, 
■bowing  the  somewhat  coiDpressed  appearance  of  upper  parts  of  the 
bodies  of  the  Ust  Atc  dorsal  TertebrsD. 

3  a,  Visoeral  aspect  of  the  last  dorsal  Tertebra,  No.  18. 

2  h.  Posterior  (r)  articular  end  of  the  same  centrum.  No.  18. 

3.  The  sacrum,  showing  the  neural  or  superior  surface,  and  giring  eii- 

denoe  of  the  ^ttaX  expansion  of  the  spinal  cord  in  the  region  of  the 
second  and  third  saom  Tertebns.  The  outlets  for  the  escape  of  the 
sacral  nerres  at  the  sides  of  the  centrum  are  best  seen  in  the  first 
three  rertebne. 

4.  Dorsal  surface  of  vertebral  end  of  a  sacral  rib,  showing  the  massiTe  end 

for  attachment  to  the  sides  of  the  centrums  of  the  second  and  tliird 
Tertebrs.  Its  worn  upper  surface  gaye  attachment  to  tJie  neural 
u«h. 

5.  Left  lateral  aspect  of  a  sequence  of  six  early  caudal  yertebne  numbered 

25  to  30,  showing  decreasing  depth  of  the  centrum  posteriorly,  and 
diminishing  size  in  the  surface  for  the  attachment  of  the  sacral  rib 
which  remains  in  union  with  the  30th  yertebra.  The  chevron  facet,  c, 
also  diihinishee  in  size. 
5  a.  Posterior  articular  surface  and  facet  for  the  cheyron  bone  of  the 
yertebra  No.  26. 

Plate  XXXV. 

Fig.  1.  Internal  aspect  of  anterior  end  of  the  left  ramus  of  the  lower  jaw, 
showing  the  broken  inferior  border  and  the  imperfectly  preserved 
sockets  for  the  teeth  on  the  superior  border. 
1  a.  Outline  of  the  fractured  posterior  end  of  the  same  specimen. 

2.  External  aspect  of  left  coraooid,  showing  the  coracoid  foramen,  and  (a) 

articular  surface  for  the  humerus,  ana  (b)  the  surface  for  union  with 
the  scapula.    The  broken  superior  margin  of  the  bone  is  also  shown. 

3.  External  surface  of  proximal  end  of  right  scapula,  showing  the  con- 

s^cted  up^r  part  of  the  bone,  (a)  the  articular  element  in  the 
glenoid  caxity  for  the  humerus,  (b)  the  greatly  elevated  spine,  and 
(c)  the  compressed  articular  surface  for  the  coraooid. 

4.  Superior  surface  of  proximal  articular  end  of  right  humerus,  showing  (a) 

the  fractured  radial  side  of  the  bone,  (6)  the  articular  head,  and  (c) 
the  extension  of  the  proximal  articulation  onto  the  compressed 
ulnar  border. 

5.  Distal  portion  of  the  same  bone  with  only  a  minute  trace  of  the  distal 

articular  surface.    It  shows  the  widening  outline  of  the  distal  end, 
but  not  the  radial  crest,  which  is  concealed  behind  the  bone. 
-    6.  External  aspect  of  proximal  end  of  left  femur,  showing  {a)  the  curved 
proximal  articular  surface,  and  (b)  the  proximal  styloid  anterior 
trochanter,  which  is  fractured  proximally. 

7.  Outline  of  the  distal  end  of  the  shaft  of  tae  same  bone,  shovring  (a)  the 

intercondylar  grooye  on  the  inferior  surface. 

8.  External  or  fibular-posterior  aspect  of  two  portions  of  the  shaft  of  the 

left  tibia,  showing  (a)  the  grooye  behina  the  cnemial  crest  in  which 
the  fibula  vras  carried. 

9.  ProbaUy  the  metacarpal  bone  of  the  fifth  digit,  superior  aspect,  left 

foot 

10.  Phalange,  pi^baUy  of  the  fore  limb. 

11.  Lateral  new  of  proximal  end  of  a  dorsal  rib,  showing  the  compressed 

yertical  condition  of  the  bone  and  its  flattened  superior  surface. 
Thib&b  characters  are  also  shown  in  fig.  13,  which  gives  the  outline  of 
the  fractured  end  of  the  bone. 

12.  Transverse  section  of  another  dorsal  rib,  shovnng  the  expanded  upper 

surface  widened  as  though  to  carry  dermal  armour. 

14.  Bight  lateral  aspect  of  neural  arch  of  dorsal  yertebra,  showing  (a)  the 

fractured  base  of  the  transverse  platform,  (6)  the  lower  articular 

surface  for  the  dorsal  rib,  (c)  postzygapophysis,  {d)  fractured  pre- 

of  neural  spine,  (/)  articular  surtaoe 


zygapophysis,  {e)  fractured  base  of 
for  union  with  the  centrum. 
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DlBOTTSSIOK* 

Mr.  Chablbbwokth  dwelt  on  the  importanoe  of  practical  ezperi'* 
mentB  on  the  effects  of  exposure  and  maceration  on  bones,  each  as 
those  carried  out  by  ike  author  of  tiiis  paper. 

Mr.  HuLSE  bore  testimony  to  the  great  value  of  Prof.  Sede/s 
researches ;  but  said  he  always  felt  doubt  on  the  safety  of  puttmg 
together  the  disfecta  membra  obtained  by  diggers  and  coprolite- 
washers.  He  aJbo  expressed  doubt  as  to  &e  generic  distinotness  of 
AnoploMurus  and  AcarUhopTiolis.  Of  the  truly  Dinosaurian  cha- 
racter of  most  of  the  specimens  brought  forws^  by  the  author  of 
the  paper  there  was  no  doubt  whateyer. 

Prof.  8eelet  was  aware  of  the  di£Scnlty  of  dealing  with  such 
specimens,  but  had  given  his  reasons  for  associating  the  scattered 
bones  laid  before  the  Society, 
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47.  On  the  Diobitbb  of  the  Wabwickshibb  Coil-field. 
By  S.  Allpobt,  Esq.,  P.G.8.    (Read  June  26, 1879.) 

Iir  a  paper  communicated  to  the  Geological  Society,  and  published 
in  the  30th  volume  of  the  '  Quarterly  Journal,'  I  briefly  described  the 
microscopical  structure  and  composition  of  the  various  masses  of 
igneous  rocks  which  occur  in  the  Carboniferous  strata  of  the  Midland 
Counties,  with  the  exception  of  those  found  in  the  Warwickshire 
Coal-field.  I  now  propose  to  complete  the  series  with  a  short 
accoimt  of  the  only  hornblendic  rocks  to  be  found  among  them. 

Although  they  form  but  a  smaU  group  they  are  of  considerable 
interest,  as  some  of  them  present  remarkable  varieties  of  structure, 
and  others  a  mineral  constitution  which  diBtingmshes  them  from 
any  British  rocks  hitherto  examined. 

The  geology  of  the  Warwickshire  Coal-field  has  been  described 
in  the  Memoir  of  the  Survey  published  in  explanation  of  sheet 
Ixiii.  S.W. ;  and  a  reference  to  that  map  will  show  that  the  rocks 
now  to  be  described  are  restricted  to  the  district  between  Atherstone 
and  the  village  of  Marston  Jabet,  about  two  miles  south  of  Nuneaton, 
and  also  that  the  several  bands  and  larger  masses  occur  only  in  the 
lower  unproductive  beds  of  the  Coal-measures  and  in  the  underlying 
Millstone  Grit.  Although  the  sheets  usually  run  very  regularly 
between  the  beds  of  shale  they  are  clearly  intrusive,  as  they  some- 
times pass  from  lower  to  higher  beds,  and  have  invariably  altered 
the  shales  in  contact  with  their  upper  and  under  surfaces.  The 
junction  of  the  eruptive  and  sedimentary  rocks  may  be  seen  in 
several  clear  sections.  In  a  quarry  in  Purley  Park,  about  a  mile 
Bouth  of  Atherstone,  there  is  a  good  exposure  of  both  rocks ;  at  first 
Bight  they  appear  to  be  interbedded,  but  in  one  place  there  is  a 
wedge-shaped  band  of  shale  enclosed  in  one  of  the  sheets  of  trap. 
A  still  more  interesting  example  may  be  seen  in  the  railway-cutting 
near  Chilvers  Coton,  where  there  are  no  less  than  ten  alternations  of 
the  two  rocks  (see  fig.).      Although  the  geological  period  of  the 

Diorite  intrusive  in  Carboniferous  Shales  in  BaUway^cutting  near 
Chilvers  Coton^ 


a.  Shales.  b,  Diorite. 

Q.J.G.S.  No.  140.  2x 
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introsioii  cannot  be  preoiBely  determined,  it  is  at  leaat  certain  that 
it  was  previous  to  the  deposition  of  the  Triassic  rocka,  for  in  an 
old  quarry  near  Marston  Jabet  the  Lower  Eeaper  sattdstone  ties 
horizontally  on  the  upturned  edges  of  the  Carbomferom  ahales  and 
included  trap. 

Thb  Micbosoopio  Stbxtotubb  of  thb  Wabwickshibs  Diobztbb. 

An  examination  of  numerous  specimens  from  the  difEsrant  msitwi 
shows  clearly  that,  as  a  group,  these  rocks  must  be  regarded  as 
diorites,  the  characterlstio  constituents  being  a  tricHnie  ielspmr  aaik 
hornblende ;  these  two  minerals  together  with  magnetite  and  mpatifte 
are  invariably  present,  and  in  addition  a  little  orthodase  is  aeUoat 
abs^it.  Although  many  of  the  specimens  examined  are  <»di]iary 
diorites,  there  are  occasionally  such  wide  departures  from  &eiM»mal 
type,  that,  from  a  mineralogical  point  of  view,  some  of  them  must 
dearlv  be  classed  with  rocks  not  hitherto  observed  among  the  older 
eruptive  series.  On  the  whole,  it  would  perhaps  be  difficult  to  point 
to  a  group  of  rocks  presenting  more  interesting  varietiea  of  com- 
position and  texture,  or  which  afibrd  more  instructive  examples  ol 
extensive  alteration. 

Quarry  near  ManUm  Jabet. — ^A  finely  crystalline  specimen,  very 
like  a  basalt  in  external  appearance,  contains  an  immense  number 
of  small  hornblende  cr^istals  in  a  felspathio  base,  both  minerak 
being  nearly  or  quite  unaltered.  The  dear  brown  crystals  of  hen- 
blende  are  unusually  well  developed,  and  as  they  lie  in  all  direetioiis 
a  single  thin  slice  adSbrds  many  excellent  transverse  and  longitodiBa] 
sections  of  the  prism.  One  rarely  meets  with  an  augitio  or  horn* 
bl^idic  rock  containing  such  an  assemblage  of  well-formed  crystaK 
They  are  thickly  set  in  a  dear  matxix  of  tridinic  felspar,  and 
interspersed  among  them  are  rather  numerous  grains  <tf  magnetite, 
with  here  and  there  a  £dw  needles  of  apatite.  The  only  indicatioo 
of  alteration  is  a  little  caldte  in  the  matrix ;  no  other  minerab  are 
presMit. 

The  three  following  spedmens,  sdected  from  a  number  cdlected 
in  the  same  quarry  as  the  last,  may  be  taken  to  represent  the  mwe 
general  character  of  the  rocks  of  the  district ;  and  they  posseas  a 
spedal  interest,  as  they  a£ford  exodlent  examples  of  successive  stages 
of  alteration.  The  first  ^[ample  is  rather  coarsdy  crystalline  in 
texture,  and  the  original  constituents  are  very  well  preserved ;  the 
plagiodase  is  generally  dear,  and  exhibits  wdl  its  characteristie 
twin  striation.  The  hornblende  is  of  a  dear  brown  colour,  for  the 
most  part  quite  unaltered,  and  presents  its  ordinary  optical  and 
physical  characters ;  it  ia  much  fissured,  and  occasionally  contains 
so  many  cavities  that  the  crystals  are  little  more  than  skdetons ;  it 
also  encloses  many  grains  of  magnetite,  and  the  latter  are  also  rather 
thickly  disseminated  through  the  mass.  Long  hexagonal  needles  of 
apatite  are  rather  abundant ;  and,  lastly,  there  was  a  glassy  or  felsitic 
ground-mass  in  which  the  crystallized  constituents  were  set.    This 
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ground-mass  has  been  much  altered,  and  now  consists  of  a  fine 
granular  substance,  partly  serpentinous  in  character,  with  here  and 
there  a  little  caldte. 

The  second  example  is  quite  similar  in  texture  to  the  first ;  the 
felspar,  still  easily  recoguizable  as  tridinic,  is  far  from  clear,  having 
been  partiaUy  conyerted  into  a  grey  pulyerulent  substance.  The 
hornblende  occurs  in  yarious  stages  of  altenation ;  some  crystals  are 
bat  slightly  attacked,  while  others  are  to  a  considerable  extent  con- 
verted into  a  pale  green  serpentinous  substance.  The  alteration  has 
followed  the  cleavage-lines  and  fractures,  and  has  also  invaded  the 
substance  of  the  crystals  on  each  side ;  while  the  numerous  cavities 
just  mentioned  are  also  filled  by  the  same  substance.  In  a  single 
slice  there  may  be  seen  almost  every  degree  of  change  from  a  slight 
marginal  erosion  to  a  mere  skeleton  of  the  original.  Of  the  latter, 
however,  some  little  is  always  left ;  and  whether  the  alteration  be 
Httle  or  great  the  original  crystalline  forms  are  perfectly  preserved. 
In  the  third  specimen  the  alteration  has  proceeded  still  further,  the 
whole  of  the  hornblende  crystals  having  been  completely  converted 
into  pale  green  pseudomorphs ;  they  were  originally  rather  large 
and  well  developed,  and  their  forms  are  still  perfectly  sharp  and 
distinct.  The  felspar  is  here  quite  turbid  and  opaque^  and  the  in- 
terstitial ground-mass  is  represented  by  calcite. 

It  may  here  be  well  to  observe  that  the  importance  of  a  series 
of  specimens  like  those  just  described  can  hardly  be  overestimated ; 
in  fact  a  collection  of  specimens  in  various  stages  of  alteration  is 
absolutely  esseutial  for  any  one  who  wishes  to  acquire  an  accurate 
knowledge  of  the  older  rocks ;  and  it  fortunately  hajypens  that  a 
diligent  search  will  very  frequently  supply  the  requisite  materials 
for  study.  Among  the  older  rocks,  which  have  been  quarried  to 
some  extent,  it  is  generally  possible  to  obtain  specimens  in  every 
stage  of  alteration ;  and  a  careful  study  of  such  examples  frequently 
renders  it  easy  to  determine  the  former  presence  (in  other  rocks)  of 
minerals  whose  origioal  composition  and  appearance  may  have  been 
entirely  changed.  In  other  words,  it  wiU  be  fotmd  that  many  pseu- 
domorphs possess  characteristic  microscopic  features  which  render 
their  recognition  easy  to  an  experienced  and  cautious  observer.  I 
venture  to  urge  this  point,  as  ^ere  is  no  more  promising  field  for 
microscopic  research ;  it  is  one  which  has,  however,  been  treated 
with  comparative  n^lect,  and  even  the  very  existence  of  extensive 
pseudomorphic  changes  has  not  long  since  been  denied  by  at  least 
one  writer  of  eminence. 

DioBiTE  cowr AJSiKQ  Av&rrE  akd  Ouvinb. 

Pulley  Park,  near  Athergtcne, — ^A.  portion  of  the  mass  in  this 

ocality  is  in  an  excellent  state  of  preservation ;  it  is  a  greyish-black 

rock,  distinctly  crystalline  in  textare,  and  in  extemcd  appearance 

closely  resembles  a  fine-grained  dolerite. 

A  thin  slice  exhibits  under  the  microscope  a  mass  of  plagioclase 
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crystals  with  a  few  of  orthodase ;  among  these  are  scattered  nome- 
roos  small  crystals  of  brown  hornblende,  many  crystals  and  grains 
of  clear  yellowish  angite,  many  grains  of  magnetite,  a  few  needles 
of  apatite,  and  several  pseudomorphs  after  olivine.  There  is  also  a 
matrix  in  which  the  original  oonstitnents  are  set,  but  whether  glassy 
or  felsitio  in  its  original  state,  there  is  no  evidence  to  show  ;  it  hi^ 
undergone  a  considerable  amonnt  of  alteration,  and  now  oonsistB 
generally  of  a  pale  green  serpentinons  substance  frequently  aooom- 
panied  by  calcite.  In  several  instances  the  usual  forms  of  the  angite 
crystals  are  perfectly  well  seen,  some  of  them  being  twins;  they  ex- 
hibit no  trace  of  dichroism  when  examined  without  the  analyzer  in 
the  same  way  as  the  hornblende ;  and  as  well-formed  crystals  of  both 
minerals  occur  in  a  single  slice,  their  crystallographic  and  optical 
characters  may  be  observed  side  by  side.  The  augite  appears  to  be 
very  irregularly  distributed  throughout  the  mass  of  the  rock ;  for  in 
some  slices  it  is  almost  as  abundant  as  the  hornblende,  while  in 
others  it  is  nearly  or  even  quite  absent.  It  is  slightly  altered  here 
and  there,  but  never  resembles  uralite,  the  altered  parts  having 
merely  a  turbid  grey  aspect,  like  that  observed  in  many  of  the 
dolerites. 

Having  given  special  attention  to  the  various  kinds  of  pseudo- 
morphs after  olivine,  I  had  no  difficulty  in  detecting  their  presence 
in  several  of  these  rocks ;  the  discovery  was,  however,  so  entirely 
unexpected  that,  after  cutting  many  slices,  it  was  no  small  satisfa^ 
tion  to  meet  wiUi  a  thoroughly  characteristic  form  of  the  crystal 
Some  of  these  pseudomorphs  consist  exclusively  of  calcite,  while  in 
others  the  central  parts  are  filled  with  viridite ;  they  thus  correspond 
in  every  way  with  many  observed  in  the  more  highly  altered  dole- 
rites  described  on  a  former  occasion*.  In  some  slices  the  pseudo- 
morphs are  very  numerous  and  £ire  generally  larger  than  the  crystals 
of  augite  or  hornblende ;  they  nearly  all  contain  a  few.  grains  of 
magnetite,  but  never  any  other  of  the  original  constituents.  The 
fissured  condition  of  the  unaltered  crystals  is  also  clearly  indicated 
by  the  veins  so  familiar  to  those  who  have  studied  this  mineral  in 
the  older  dolerites.  These  and  other  features  described  in  the  paper 
just  referred  to  are  so  thoroughly  characteristic,  that  there  is  no 
room  for  doubt  as  to  the  former  presence  of  olivine  in  these  rocks. 

There  is  also  present  in  some  quantity  another  mineral  of  which 
it  will  be  well  to  speak  less  positively.  It  is  quite  colourless  and 
occasionally  clear,  though  it  generally  contains  more  or  less  of  a  fine 
dust  which  gives  it  a  cloudy  appearance,  especially  round  the  mar- 
gins. Some  of  the  sections  are  hexagonal,  others  rectangular ;  the 
former  are  dark  between  crossed  Nicols,  while  the  latter  are 
coloured,  though  the  tints  are  not  brilliant.  The  crystals  certainly 
belong  to  the  hexagonal  system,  and  are  larger  and  stouter  than  the 
ordinary  needles  of  apatite,  many  of  which  also  occur  in  these  rooks ; 
it  is  possibles  I  think,  that  they  may  be  nepheline.      Against  this 

*  S.  Allport,  "  On  Carboniferous  Doleritm,"  Qiiart.  Joum.  GeoL  Soo.  roL  xxz. 
p.  642. 
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▼lew  there  is,  of  oonrse^  the  difficulty  of  an  easily  decomposed 
mineral  like  nepheline  having  remained  unaltered  from  Palaeozoic 
times  ;  but,  on  the  other  hand,  it  should  be  remembered  that  olivine 
presents  a  similar  difficulty,  yet  has  nevertheless  been  frequently 
preserved  unchanged  throughout  the  same  enormous  periods. 

Two  of  the  secondary  constituents  have  already  been  mentioned, 
namely  calcite  and  viridite,  or  a  serpentinous  substance ;  to  these 
may  he  added  an  orthorhombic  zeolite  which  fills  small  cavities  with 
long  radiated  lamellar  crystals ;  they  are  clear  and  colourless,  but 
exhibit  brilliant  colours  in  polarized  light. 

Quarry  close  to  Atherstone, — In  this  mass  the  hornblende  is  also 
accompanied  by  a  considerable  quantity  of  very  pale  brown  augite ; 
the  crystals  are  well  formed  and  among  them  are  several  twins. 
The  felspar  is  highly  altered,  but  a  few  crystals  may  be  recognized 
as  tricUnic.  In  two  slices  examined  there  were  no  pseudomorphs 
after  olivine. 

Railway 'Cutting^  Chilvem  Coton, — ^This  is  an  excellent  locality 
for  collecting  well-marked  varieties  of  the  intrusive  rocks.  On  the 
west  side  there  is  a  light-coloured  mass  composed  chiefly  of  pink 
felspar,  with  rather  long  prisms  of  altered  hornblende  scattered 
through  it.  Another  variety  is  of  a  dark  green  colour,  and  consistB 
almost  entirely  of  hornblende  in  comparatively  large  crystals. 
Between  these  extremes  there  may  be  found  several  intermediate 
varieties.  Microscopic  examination  of  these  rocks  affords  no  addi- 
tional fact  of  importance. 

COKCLUSION. 

It  appears  from  the  preceding  investigation  that  the  intrusive 
rocks  of  the  Warwickshire  coal-field  are  for  the  most  part  ordinary 
diorites,  but  that  they  also  occasionally  present  remarkable  variations 
from  the  normal  type. 

The  varieties  described  appear,  however,  to  be  strictly  local ;  and 
in  all  of  them  the  predominant  and  characteristic  constituents  are 
a  triclinic  felspar  and  hornblende,  together  with  a  little  magnetite  and 
apatite ;  a  glassy  or  felsitic  matrix  is  also  nearly  always  present. 

Homblendic  rocks  containing  augite  and  olivine  have  not  been 
previously  found  in  these  islands,  nor,  I  believe,  elsewhere,  except 
among  rocks  of  Tertiary  or  later  age.  They  appear,  moreover,  to  be 
rather  rare  everywhere,  a  few  only  having  been  observed  among  the 
hornblende  and  augite  andesites*  or  the  Bohemian  basalts  described 
by  Boricky  t. 

It  is  now  certain  that  rocks  of  precisely  similar  composition  were 
erupted  during  the  later  Palseozoic  period ;  how  much  earlier  remains 
to  be  seen.  The  existence  of  these  rocks  may  therefore  be  regarded 
as  additional  evidence  against  the  singular  notion,  apparently  held  by 
many,  that  the  products  of  volcanic  action  were  in  some  unaccount- 

*  Zirkel,  Lehrbuch  der  Petrographie,  vol.  ii.  p.  222. 
t  B&saltigeeteme  BohmenB,  pp.  137, 138. 
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able  way  suddenly  changed  about  the  commenoement  of  the  Tertiary 
period. 

It  may  be  observed  in  oonolusion  that  these  Warwickshire  rodn 
differ  greatly  from  the  neighbouring  syenites  of  Leicestershire,  re- 
cently described  by  Professor  Bonney*,  with  which  I  am  also  wdl 
acquainted.  In  the  latter  the  prevailing  felspar  is  orthodase,  and 
quartz  is  always  present ;  epidote  is  also  a  very  common  seoondaiy 
constituent.  I  have  detected  no  trace  of  either  quartz  or  epidote  in 
the  diorites,  and  orthodase  invariably  occupies  a  very  subordinate 
position. 

*  Quart.  Journ.  GeoL  Soo.  roL  xxxiv.  p.  225. 
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48.  The  Pbboaubbiih  Eockb  of  Shbopshikh.— Part  I.  Bj  C.  Cal- 
laway, Esq.,  M.A.,  D.Sc.  Lond.,  F.G.8.  With  Notbb  on  the 
MiCEoscopio  STRrcnTBB  of  some  of  the  Roots,  by  Prot  T.  G. 
BoHHET,  MjL,  FJI.S.,  Sec.  G.8.    (Bead  June  11, 1879.) 

OoimifTS. 
Introdoetion. 

A.  Physical  Geography  of  the  Wrekin  and  Oaer  Oartdoe  GhaixL 

B.  lithologioal  and  Stratigraphkal  Oharacten  of  the  Boeka. 

1.  liOleBhaUHOL 

2.  TbeEreaL 
d.  Lawrence  HilL 

4.  The  Wrekin. 

5.  Primrose  Hill. 

6.  The  Wrockwardine  mass. 

7.  Charlton-Hill  area. 

8.  District  hetween  the  Wrekin  and 

the  Lawley. 


9.  The  Lawley. 

10.  Caer  Oaradoo. 

11.  Hehneth  HUL 

12.  Hasler  HilL 
18.  Hope  Bowdler  and  Cardington 

range. 

14.  Bagleth  HilL 

15.  WarUe-KnoU  group. 

16.  Kington  groap. 

0.    Bridenee  for  Precambrian  age. 

1.  StratigraphicaL  |       2.  From  induded  fragments. 

General  Summary. 

iRTBODronov. 

Ik  a  paper  communicated  to  tliis  Society  on  March  2lBt,  1877,  en- 
titled '^  On  a  new  Area  of  Upper  Cambrian  Eocks  in  South 
Shropshire"*,  I  intimated  that  certain  volcanic  rocks  associated 
with  the  shale  in  question,  which  had  heen  usually  regarded  as 
eruptiye  greenstones,  were  for  the  most  part  composed  of  bedded 
material ;  but  details  were  deferred. 

Mr.  S.  Allport,  in  a  paper  "  On  certain  Ancient  Devitrified  Pitch- 
BttmoB  and  Perlites  from  the  Lower  Silurian  District  of  Shropshire^f, 
read  before  this  Society  in  May  1877^9  anijiounces  the  same  con- 
elusion  from  enlirely  independent  observations,  devoting  his  atten- 
tion, however,  chiefly  to  the  chemical  and  microscopic  side  of  the 
question,  and  arriving  at  the  very  important  conclusion  that  these 
(so-called)  Lower  Silurian  pitchstones  and  perlites  are  identical 
in  character  with  the  most  modem  volcanic  rocks. 

In  June  1878,  1  read  to  this  Society  a  paper  on  '^  The  Quartz- 
ites  of  Shropshire  "§,  in  which  I  gave  several  sections  across  the 
Wrekin  volcanic  chfon,  and  assumed  that  the  bedded  rocks  of  which 
it  is  mainly  composed  were  of  Precambrian  age. 

Messrs.  Hill  and  Bonney,  in  their  second  paper  ''  On  the  Precar- 
boniferous  rocks  of  Chamwood  Forest **  ||,  infer  the  same  conclusion 

*  Quart  Joum.  GeoL  Soe.  vol.  xzxiiL  p.  052.         t  Ibid.  toL  zxziii.  ^,  449. 

}  Both  Mr.  Allport  and  myself  had  contemporaneously  announced  this  fact 
to  the  Birmingham  Natural  History  Society,  and  he  informs  me  that  it  was 
known  to  him  nine  years  ago. 

I  Quart  Joum.  QeoL  Soc  voL  xxiir.  p.  754.       |  Jbid,  ToL  xxdr.  p.  386. 
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from  m  J  determination  of  the  (at  least)  Upper  Cambrian  age  of  ilie 
qnartzites  which  flank  the  Wrekin  axis. 

It  is  proposed  in  the  present  paper  to  describe  the  lithological 
and  stratigraphical  character  of  these  rocks,  and  to  state  in  fhll  the 
evidence  for  their  Precambrian  age.  In  a  subsequent  communica- 
tion an  attempt  will  be  made  to  trace  the  physical  history  of  this 
Precambrian  mountain-chain,  to  describe  the  association  of  the 
bedded  rocks  with  subsequent  eruptive  greenstones,  and  to  correlate 
the  Precambrian  groups  of  Shropshire  with  other  known  forma- 
tions. The  recent  recognition  bj  the  author  of  the  lilleahall  Pre- 
cambrian rocks  on  the  eastern  flank  of  the  Malvern  Hills  *,  and  of 
the  Malvern  schistose  types  at  the  base  of  the  Wrekin  series,  has  an 
important  bearing  on  the  last  inquiry ;  but  details  are,  for  the  pre- 
sent, reserved. 

I  have  to  acknowledge  my  great  obligation  to  Prof.  Bonney, 
F.E.S.,  for  his  invaluable  and  willing  aid  in  working  out  some  difS- 
cult  points  in  lithology.  Mr.  Allport's  *  paper  on  the  Wrekin, 
already  referred  to,  has  also  been  of  great  assistance. 


A.  Phtsioal  Gbooripht  of  thb  Wbseik  and  Cabb  Cabadoc  Ohaiv. 

In  Shropshire,  this  chain  of  hills  is  twenty-nine  miles  in  length 
from  N.£.  to  S.W. ;  but,  if  we  include  in  it  the  elevations  west  of 
Kington,  in  Herefordshire  and  Kadnorshire,  which  are  probably  in 
part  composed  of  rocks  of  the  same  series,  the  line  will  reach  neariy 
fifty  miles.  These  hills  do  not  form  an  unbroken  range,  but  are 
here  and  there  separated  by  broad  intervals  of  comparativdj  level 
ground.  The  more  typical  forms  are  triangular  in  transverse  sec- 
tion, and  semilunar  viewed  from  the  N.W.  or  S.E.,  the  greater 
length  lying  in  the  general  direction  of  the  chain.  They  are  easily 
distinguished  from  the  round-backed  elevations  of  the  Longmynd 
on  the  N.W.,  and  from  the  ridges  of  the  Caradoc  Sandstone  on  the 
S.E.,  by  their  abrupt  slopes  and  conical  forms.  They  constitute  a 
median  axis,  on  each  side  of  which  run  several  parallel  ridges  with 
their  escarpments  facing  towards  it.  On  the  west  is  the  Longmynd 
range,  succeeded  at  a  distance  of  six  miles  by  the  abrupt  edge  of 
the  Stiper  Stones.  On  the  east  appear  in  succession  the  pairall^ 
elevations  of  Hoar  Edge,  the  ChatwaU  ridge,  and,  at  a  greater  dis- 
tance, the  sharp  escarpment  of  Wenlock  Edge,  overtopped  by  the 
less  angular  and  less  regular  ridge  of  the  Aymestry  limestone. 
Most  of  the  flanking  ranges  lie  in  comparatively  unbroken  straight 
lines,  and  fall  down  steeply  on  the  side  looking  towards  the  Precam- 
brian axis ;  while  the  axial  rocks  themselves  present  a  cone  or  boas 
at  intervals  only,  and  slope  abruptly  and  evenly  to  both  south-east 
and  north-west. 

The  following  are  the  principal  elevations,  commencing  at  the 
north-east  end  of  the  chain  :— 

*  Messrs.  Hill  and  Bonney,  Quart  Jonm.  Ged.  Soo.  voL  xxxIt.  p.  2S7, 
note  {,  also  recognise  a  second  Precambrian  group  at  MalTem. 
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A.  Hu   Wrdcin   Oraup.    Lilleshall  Hill,  Eroal,    Lawrence    Hill, 

the  Wrekin,  Primrose  Hill. 
"b.  Caer  Caradoc  Group,    The  Lawley,  Caer  Caradoc,  the  Eagleih, 

Hope  Bowdler  HiU. 
c  HorderUy  Qroup. 
d.  Kington  Group. 

B.      LiTHOLOOICAL   AITD   StRATIGRAPHICAL   ChARACTEBS   OP 
THE  EOCKS. 

1.  LilleshaU  Bill. 

This  elevation  is  coloured  on  the  survey  map  as  "  altered  Caradoc," 
^th  a  central  boss  of  "  greenstohe."  I  have  seen  no  trace  of 
greenstone  or  any  other  intrusive  rock  in  the  hill.  The  supposed 
Caradoc  is  of  Precambrian  age. 

Details. — At  the  S.W.  end,  in  the  road  just  below  the  village,  is 
a  homstone  of  dark  grey  colour  mottled  with  red.    This  is  overlain, 
in  a  small  opening  immediately  to  the  S.W.  of  the  large  quarry,  by 
a  grey  thin- bedded  ashy  slat^,  with  oval  steititic  blotches  on  the 
planes  of  lamination,  dipping  N.  10°  W.  at  23°.     In  the  great 
quarry  there  is  a  fine  exposure  of  similar  strata,  much  altered. 
Felspathic  and  steatitic  matter  are  separated  in  the  decomposition, 
and  give  in  places  a  beautifully  variegated  appearance  to  the  rock, 
pink  and  green  colours  predominating.     Here  and  there  the  felspar 
has  segregated  in  clusters  and  layers  of  red  crystals.     Some  of  the 
ashy  beds  are  white  and  less  altered.     The  general  dip  is  I^.N.W. 
at  30°.     At  the  N.E.  end  of  the  quarry  there  is  an  interesting 
junction  of  the  softer  beds  with  an  overlying  homstone.    The  latter 
is  very  hard  and  compact,  approaching  a  homstone  ;   while  the 
former,  in  immediate  contact  with  it,  is  so  soft  as  to  be  easily 
scratched  by  the  nail.     In  this  place  the  ashy  rock  is  very  ferru- 
ginous, the  iron  peroxide  separating  in  little  round  nests.    The  beds 
dip  at  40°.    The  homstone  cannot  be  far  from  the  horizon  of  a 
massive  homstone  band  which  stands  out  as  a  craggy  boss  crowning 
the  hill,  and  is  probably  the  "  greenstone"  of  the  Survey.     N.E.  of 
ttie  summit,  we  have  a  repetition  of  grey  ashy  beds,  dipping  N.  10® 
W.  at  from  40°  to  60°,  succeeded  by  a  felspathio  breccia,  composed 
of  fragments  of  Wrekin  rhyolite  in  a  grey  matrix.     Some  of  the 
fragments  show  the  characteristic  banded  stmcture.     Breccias  are 
abundant  on  the  S.E.  slope.    The  highest  beds,  clearly  exposed  in 
a  long  section  at  the  N.E.  end  of  the  hill  consist  of  alternations  of 
ashy  beds  and  homstones,  similar  to  those  described,  as  represented 
in  fig.  1. 

In  this  section  the  ashy  bands  are  very  clearly  separated  from 
the  homstones.  The  beds  h  and  d,  for  example,  each  about  10  feet 
thick,  are  soft  and  ferruginous,  and  have  been  excavated  by  weather- 
ing to  a  considerable  depth ;  while  the  band  c,  5  feet  thick,  composed 
of  homstone  precisely  similar  to  the  rock  at  the  N.E.  end  of  the 
great  B.W.  quarry,  stands  out  like  a  sharp  walL 
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Fig.  l.—Seetion  aeroa  N.E.  end  of  LiOeshM  EtU. 
BSB-  ffj.w. 


a,  Cf  e,  Hornstone.  h,  d.  Aah. 

In  a  series  of  rocks  from  Chamwood  Forest  I  have  obeerred  a 
slate  which  suggests,  though  it  is  quite  distinguishable  from,  tbe 
grey  slate  S.W.  of  the  large  ,quarrj.  Prof,  Bonney  has  also 
noticed  this  resemblance. 

On  the  N.W.  side  of  Lilleshall  Hill  are  faulted  beds  of  Banter 
Sandstone ;  and  on  the  S.E.  the  HoUybush  Sandstone  is  thrown 
down.  On  the  N.E.  the  axis  of  the  ridge  is  prolonged  under  ihe 
Carboniferous  Limestone,  which  is  bent  into  an  arch  by  t^e  subse- 
quent elevation  of  tha  Precambrian  axis.  To  the  S.W.,  a  S.W.  line 
of  fault,  Bunter  Sandstone  against  Coal-measures,  connects  Lille- 
shall Hill  with  the  Wrekin,  and  the  axis  is  undoubtedly  continued 
under  the  younger  formations. 

Summary. — A  S.S.W.  ridge,  composed  of  altemationa  of  horn- 
stone  and  ashy  slates  and  shales,  with  felspathic  agglomerates  in 
the  middle.  Average  dip  of  40^  to  N.N.W.  Minimum  thickness 
1500  feet.  Bounded  by  two  nearly  parallel  faults,  oonvergii^  at 
each  end,  Bunter  Sandstone  being  thrown  down  on  the  N.W., 
HoUybush  Sandstone  on  the  S.£. 

2.  The  Ercal  (figs.  4  &  6,  p.  650). 

Details. — ^On  the  N.W.  slope  of  this  hill,  just  overlooking  the  town 
of  Wellington,  is  a  large  quarry,  distinguishable  for  miles  by  the 
colour  of  the  bright  red  felspathic  rock  of  which  the  ezposim 
chiefly  consists.  Near  the  surface  this  rock  is  divided  by  very  doee 
joints,  and  it  is  easily  shovelled  away  as  graveL  It  fonns  a  broad 
zone,  striking  *E.  and  W.  across  the  face  of  the  quarry.  It  is  under- 
lain by  a  grey  or  greenish-white  rock,  forming  a  zone  parallel  to 
the  upper  red  band  for  the  entire  breadth  of  the  section.  The  dip 
of  the  red  rock  is  apparently  to  the  S.,  that  is,  opposite  to  the  pre- 
valent dip  of  the  Wrekin  chain.  Following  this  rock  from  the  N JB. 
end  of  the  Ercal,  just  above  the  quarry,  along  the  ridge  to  the  8.W^ 
we  come  in  about  half  a  mile  to  a  sudden  change.  The  red  ro^ 
abruptly  gives  place  to  a  compact  felstone,  dipping  NJ^.W.  at  60®, 
which  is  exposed  in  a  buttress  which  supports  the  ridge  on  the 
N.W.,  and  still  more  conspicuously  in  the  broken  crags  at  Ihe  S.W* 
end  of  the  hilL 

It  might,  at  first  sight,  seem  as  if  the  Ercal  were  composed 
of  beds  lying  in  a  synclinal ;  but  the  great  difference  between  the 
rocks  at  i^e  opposite  ends  appears  to  negative  this  supposition.    I 
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believe  that  the  ridge  is  oat  aoroas  by  a  fault.  This  view  is  sap- 
ported  by  the  abrapt  change  in  lithological  oharacters.  At  the 
point  of  junction  the  xidge  is  cat  into  by  a  ravine  on  the  N.W. 
aloi)e.  The  felstone  spar  forms  one  side  (S.W.)  of  the  hollow,  and 
on  its  NJB.  carve  the  red  rook  breaks  up  through  the  soil. 

The  red  rock  is  granitoid  in  character  and  probably  of  clastic 
origin.  (See  Note  B,  p.  664.)  Its  rectilinear  junction  with  the 
g^rey  rock  seems  to  negative  the  supposition  of  an  amorphous  mass. 
The  grey  band  is  uncrystalline,  much  jointed,  and  very  variable 
in  colour  and  hardness.  To  the  naked  eye,  it  looks  very  much  like 
a  tuff,  containing  fragments  of  the  characteristic  Wrekm  rhyolitd, 
Bome  of  which  are  distinctly  banded.  Some  of  the  included  bits  are 
rounded,  like  pebbles.  Prof.  Bonney  is,  however,  dearly  of  opinion 
that  this  singular  rock  is  simply  another  form  of  the  Wrekin  rhyo- 
lite  intrusive  in  the  red  rock.  (Note  A,  p.  663.)  This  revelation 
by  the  microscope  is  very  interesting  and  important,  and  will  be 
a  great  aid  in  correlation. 

Along  the  S.E.  flank  of  the  hill  strike  the  thick  beds  of  quartzite, 
Bucceeded  by  the  HoUybash  Sandstone  and  the  Shineton  Shales, 
described  in  previous  papers*.  The  quartzite  probably  holds  the 
same  position  on  the*  N.W.  of  the  axis,  but  exposures  are  very 
scanty. 

Summary. — ^A  S.W.  ridge  composed  of  a  bedded  granitoid  rock 
dipping  southerly,  and  underlain  by  eruptive  "Wrekin  rhyolite,  at  the 
N.E.  end,  and  of  grey  and  brown  felstones  with  a  N.  dip  for  the 
remainder  of  its  length,  the  two  series  being  separated  by  a  fault, 
the  ridge  being  flanked  by  quartzite  on  the  N.W.,  and  by  quartzite, 
followed  by  Cambrian  strata,  on  the  S.E. 

3.  Lawrence  HUl  (figs.  2,  4,  5). 

Details. — The  north-east  end  is  composed  of  felstones  similar  to 
the  opposite  crags  of  the  Ercal,  and  felstone  may  be  traced  all  along 
the  oreet  of  the  loll  till  we  reach  the  edge  of  the  great  quarry,  which 
exposes  a  considerable  part  of  a  transverse  section  of  the  chain.  It 
was  this  magnificent  exposure  which  first  convinced  me  of  the 
erroneous  interpretation  of  the  Survey.  This  supposed  eruptive 
greenstone  consists  of  felspathic  tuff  t,  clearly  bedded,  and  dipping 
north  at  50°.  The  true  bedding  is  much  obscured  by  jointing,  but 
it  may  be  made  out  most  satisfactorily  by  following  beds  to  the 
right  or  left.  Continuity  of  texture  is  thus  as  dear  a  proof  of 
stratification  as  continuity  of  mineral  composition  in  ordinary 
sedimentary  rocks.  The  bands  vary  from  a  fine-grained  ash  to 
a  breccia  or  a  conglomerate.  Even  hand  specimens  sometimes 
distinctly  show  alternations  of  fine  and  coarse  bands.  In  addition 
to  this  evidence  of  stratification,  the  seams  separating  beds  and  the 
exposed  surfaces  of  the  beds  themselves  are  clearly  visible.  The 
coarser  bands  contain  fragments  of  pitchstone  and  of  felstone,  the 

*  Quut.  Jonrn.  GeoL  Soo.  vol.  rrriii.  p.  652;  and  toL  xziit.  p.  754. 

t  Deioribed  by  Mr.  S.  Allport^  Quart  Joum.  Qeol.  Soo.  voL  xzxiiL  p.  458. 
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latter  sometimes  displaying  the  characteristio  banding  of  some  of 
the  Wrekin  felstones.  Fig.  2  shows  the  straoture  of  the  chain  at 
this  point. 

Fig.  2. — Section  through  Lawrence  EUl, 
H.w.  s^. 


I 

Fault 

1.  Bedded  Precambrian  tuff,  dipping  north. 

2.  Quartxite. 

d.  HoUjbush  Sandstone. 

a\  a\  0*.    Dolerite  djkes.    The  position  only  of  a*  is  indicated,  and  only 
so  maoh  of  a'  as  is  actually  exposed  is  drawn. 

The  shaded  x>ortion  represents  the  strata  exposed  in  the  qnany. 
The  continuation  of  the  bedding  beyond  the  quarry  is  indicated  by 
the  broken  lines.  The  beds  plunge  into  the  face  of  the  quany 
obliquely,  so  that  the  section  is  taken  at  an  acute  angle  with  the  dip, 
and  the  true  dip  is  not  shown.  The  dyke  a^  is  well  exposed,  and,  in 
its  lower  part,  stands  out  like  a  walL  The  dolerite  is  fine-grained, 
and  may  be  called  basalt.  It  is  considerably  altered,  caldte  being 
deposited  in  the  cracks,  and  the  tuff  in  the  vicinity  of  the  dyke  has 
also  undergone  more  than  its  usual  alteration.  The  changes  in 
both  cases  I  conceive  to  be  due  to  the  infiltration  of  carbonated 
waters  subsequently  to  the  injection  of  the  basalt,  the  dislocation 
allowing  passage  to  the  water  more  freely  than  the  unbroken  strata. 
The  altered  tuff  in  proximity  to  the  Lawrence-Hill  dyke  contains 
greenish  matter,  apparently  some  form  of  magnesian  silicate,  one  of 
the  commonest  products  of  wet  chemical  decomposition.  The 
surface  of  the  dyke  in  contact  with  the  tuff  is  minutely  jointed  into 
rectangular  prisms  an  inch  or  two  square,  and  lying  with  their 
long  diameters  at  right  angles  to  the  bounding  surface.  I  have 
detected  two  of  these  dykes,  apparently  a^  and  a\  on  the  Wrekin 
side  of  the  ravine,  in  the  road  up  to  the  cottage,  and  striking 
towards  a  mass  of  dolente  which  protrudes  at  the  surface  within 
half  a  mile  to  the  south-west  in  the  summit  ridge  of  the  Wrekin. 

Fig.  2  also  shows  that  on  the  south-east  the  tuff  is  overlain  at  a 
considerable  angle  by  beds  of  quartzite,  the  former  dipping  north, 
the  latter  south-east.  The  quartzite  is  succeeded  by  the  Hollybush 
Sandstone,  and  the  Hollybush  Sandstone  by  the  Tremadoc  Shales 
of  Shineton.  The  planes  separating  all  four  formations  from 
each  other  are  probably  strike-faults.  The  quartzite  also  occurs, 
but  inconspicuously,  on  the  north-west  side  of  Lawrence  Hill,  dip 
undetermined. 

Summary. — A  south-west  ridge,  composed  mainly  of  felstone,  but 
displaying   at  the   south-west  end    a    considerable  thickness   of 
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altered  febpathic  taff^  dipping  north  at  50^,  and  cut  through  by 
three  basaltic  dykes,  which  stnke  towards  a  mass  of  dolerite  in  the 
Wrekin.  The  ridge  is  flanked  by  quartzite  on  both  sides,  the 
beds  on  the  sonth-east  being  sncceeded  by  the  HoUybush  Sandstone 
and  the  Shineton  Shales. 

4.  The  Wrekin  (figs.  3,  4,  6). 
Details, — At  the  north-east  end  of  the  hill,  opposite  the  great 
quarry  in  Lawrence  Hill,  there  are  numerous  exposures  of  dark 
grey  and  reddish  tuff,  similar  to  the  Lawrence-HOl  series.  In  a 
large  opening  at  the  foot  of  the  ascent,  the  tuff  beds  are  pushed  out 
into  a  rounded  anticlinal  spur.  This  contortion  appears  to  be  due 
to  the  intrusion  of  the  mass  of  dolerite  to  which  reference  has  been 
made.  Two  of  the  three  Lawrenco-Hill  dykes  are  also  visible  on 
this  side  of  the  ravine ;  and  it  is  evident  that  both  the  contortion 
and  the  dykes  are  due  to  the  same  cause.  Between  this  point  and 
the  dolerite  mass  the  tuffs  are  somewhat  disturbed,  the  dip  being 
pushed  round  to  20°  west  of  north.  Near  the  cottage  the  tuff  is  a 
breccia,  which  is  sometimes  conglomeratic,  the  pebbles  consisting  of 
felstone,  pitchstone,  and  less  frequently  of  quartz.  The  subjoined 
section  shows  the  lie  of  the  taf£s  which  compose  the  north-east  end 
of  the  Wrekin,  with  their  relation  to  the  flanking  deposits. 

Pig.  3. — Section  across  the  Wrehin^  north-east  end. 


Faulto.  Fault. 

Scale  aboat  8  inches  to  1  mile. 

1.  Bedded  Preoambrian  volcanic  tuff,  dipping  north. 

2.  Quartzite  (probably  Preoambrian). 

3.  Holljbush  Sandstone. 

4.  Shineton  Shales  (Tremadoo). 

Ascending  the  hill  above  the  cottage,  we  reach  a  round  bare 
hump,  the  exposed  apex  of  the  greenstone  mass*.  It  is  composed 
of  dark  green  dolerite,  which  in  some  parts  is  agglomeratic,  in  others 
amygdaloidal,  with  nuclei  of  calcite.  In  its  colour,  state  of  de- 
composition, and  in  all  other  respects  this  rock  resembles  the  dykes 
of  Lawrence-Hill  quarry,  with  which  it  is  undoubtedly  connected. 
It  would  appear  to  have  been  an  ancient  volcanic  vent.  It  is  the 
only  greenstone  found  in  the  entire  "Wrekin  chain  t. 

*  First  noticed  by  Mr.  Allport  in  the  paper  to  which  reference  has  been 
made, 
t  I  have  since  detected  greenstone  at  the  S.W.  end. 
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Following  the  ridge  to  the  soath-weet,  we  come  to  a  reddish 
folstoiie,  the  dip  of  which  has  been  locally  reversed  by  the  disruptiTe 
greenstone.  Tbk  rook  is  conUnned  tar  some  distance.  In  places 
it  is  dearly  banded  into  lamin®  of  yarions  oolonrs,  an  alternation  of 
dark  chocolate  with  buff  bands  being  the  commonest  yariety.  The 
lamiTMB  are  sometimes  contorted  like  the  gnarled  wood  of  an  ancient 
oak. 

These  Precambrian  layas  are  underlain  near  the  summit  by  a 
greyish  agglomerate,  with  fragments  of  brown  felstone.  The  dip  is 
northerly. 

At  the  summit  and  for  some  distance  beyond  is  a  considerable 
exposure  of  reddish  and  chocolate-coloured  felstone. 

In  the  middle  of  the  south-west  slope,  with  the  normal  east  and 
west  strike,  is  a  dark  coarse  tuff,  undistinguishable  in  appearance 
from  the  beds  near  the  cottage  at  the  north-east  end. 

Below  the  tuff  we  come  to  a  compact  red  felsitic  rock,  underlain, 
in  the  saddle  between  the  Wrekin  and  Primrose  Hill,  by  typical 
agglomerate. 

Bdatiam  of  the  Wrdcin  axis  to  the  flanking  depoeiU. 

The  volcanic  rocks  of  the  chain  are  fringed  by  quartzites  •, 
which  in  every  obeeryed  case  (with  one  exception)  dip  away  from 
the  axis  at  an  ayerage  of  45^.  The  exception  is  on  the  north-west 
side  of  the  ravine,  between  the  Ercal  and  Lawrence  Hill,  where  the 
beds  are  nearly  vertical,  the  dip  being  towards  the  axis.  The  base 
of  the  quartzite  is  brecciated,  and  the  junction  is  evidently  a  fault. 
Towards  the  base  the  quartzite  contains  rounded  fragments  of 
banded  felstone,  similar  to  some  of  the  Wrekin  felstones.  The 
quartz  rock  is  dearly  younger  than  the  axial  rocks,  and  has  been 
thrust  up  and  thrown  off  on  every  side  by  the  upheaval  of  a  rigid 
wedge  of  the  older  series.  Under  the  summit  on  each  side,  as 
shown  in  fig.  5,  the  quartzite  appears  to  be  absent ;  and  it  is  pre- 
sumed that  the  crest  of  the  Wrekin  was  an  island  in  the  Pre- 
cambrian ocean,  and  by  its  partial  denudation  furnished  the  felstone 
fragments  imbedded  in  the  quartzite.  On  the  north-west  the 
Bunter  Sandstone  is  faulted  down  against  the  quartzite.  On  the 
south-east,  the  quartzite  is  succeeded  by  the  HoUybush  Sandstone, 
and  the  HoUybush  Sandstone  by  the  Tremadoc  shales  of  Shineton, 
the  junctions  in  both  cases  being  paraUd  lines  of  fault. 

Pigs.  4  &  5  wiU  illustrate  the  series  just  described.  Fig.  4  is  a 
longitudinal  section  through  the  chain  from  end  to  end.  Tlie  dips 
are  not  fully  filled  in,  only  those  being  indicated  which  are  ascer- 
tained with  reasonable  certainty.  The  quantity  of  dip  cannot  be 
shown,  the  section,  as  in  the  transverse  section,  fig.  3,  being  taken 
at  an  acute  angle  with  the  dip.  The  underground  extension  of  the 
dolerite  neck  is,  of  course,  hypothetical ;  it  should  be  represented, 
if  the  space  permitted,  as  sending  off  three  dykes  to  the  north-east. 
Pig.  5  is  more  instructive,  since  the  true  direction  of  the  strikes  is 
^wn,  and  the  relations  of  the  flanking  formations  are  indicated. 
*  Described  in  Quart.  Journ.  Gkol.  Soo.  toI.  xxxiy.  p.  754. 
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Summary, — ^The  Wrekin  is  a  S.W.  ridge,  composed  of  aliemA- 
tions  of  bedded  f elspathic  lavas  and  tofEs,  with  an  ayerage  dip  of  40^ 
to  the  N.  and  a  little  to  the  W.  of  N.,  broken  through  and  dis- 
torbed  in  one  place  hj  a  mass  of  greenstone  sending  off  dykes  to 
the  N^.,  and  flanked  on  both  sides  by  qnartzites,  which  on  the 
S.£.  are  snooeeded  by  the  HoUybush  Sandstone  and  the  Shineton 
Shales. 

5.  Primrose  HiU, 

The  Wrekin  tuff  is  continued  through  the  saddle  connecting  this 
spur  with  the  Wrekin  mass,  and  appears  on  the  northern  slope  near 
the  summit.  The  chief  part  of  the  hill  is  composed  of  rocks  of  an 
entirely  different  type.  On  the  S.W.  slope,  about  twenty  yards 
below  the  top,  crops  out  a  band  of  schistose  rock  dipping  to  the 
N.£.  at  ^°.  It  is  a  yery  quartzose  granulite,  the  quartz  being 
sometimes  quartzite,  and  the  felspar  is  like  the  red  yariety  in  the 
Ercal  quarry.  It  is  yery  irregular  in  composition,  passing  frequently 
into  horublendic  gneiss,  and  sometimes  approximating  to  a  quartzite 
with  a  little  red  felspar.  The  W.  and  S.W.  slopes  are  occupied  with 
granitoidito  *,  which  appears  to  Prof.  Bonney  and  myself  identical 
with  the  red  rock  of  the  Ercal  (Note  C).  On  the  N.  W.  side  crop  out 
numerous  exposures  of  a  compact  rock,  which  Prof.  Bonney  has 
determined  to  be  clastic  and  similar  to  homstone.  Some  emptiye 
rocks  break  out  in  a  few  places.  Amongst  these  I  have  obseryed  a 
diorite,  undistinguishable  from  a  specimen  in  my  collection  from 
Malvern ;  and  Prof.  Bonney  confirms  this  view  (Note  C,  p.  665). 
Some  of  the  granitoidito  also  is  of  the  Malvern  type,  showing  the  red 
felspar  and  the  small  nests  of  mica,  sometimes  in  a  decomposed  state, 
characteristic  of  the  granitic  type  which  I  have  from  the  Wych  and 
the  North  Hill.  In  both  localities  there  is  also  the  same  tendency  to 
pass  into  hornblendic  rock.  The  strike  of  the  beds  is  also  the  same. 
On  the  whole,  I  have  no  hesitation  in  identifying  the  Primrose- 
Hill  rocks  with  the  Malvemian  system.  Purther  attempts  at  cor- 
relation are  postponed  to  a  future  paper.  The  Wrekin  tufb  are  in 
contact  with  the  older  schists  N.E.  of  the  summit  of  Primrose  Hill, 
and  the  plane  of  separation  is  undoubtedly  a  fault.  The  discord- 
ance of  strike  between  the  two  groups  suggests  a  considerable  un» 
conformity. 

6.  The  Wroekwardine  mass. 

Details. — ^The  prevailing  rocks  of  this  area  are  purple  and  green 
felstones  and  breccias.  At  the  village  of  Wrockwaidine,  green  is 
the  predominant  colour.  In  one  or  two  spots  a  greenish  dolerite, 
highly  decomposed  and  containing  free  calcite,  has  pushed  its  way 
up  to  the  surface.  In  the  lane  leading  from  the  loUage  towards 
Cluddley  are  several  exposures  of  rock  like  homstone,  and  on  a 
knoll  to  the  E.  of  this  road  are  purple  felstones,  whose  clearly 
developed  banding  shows  a  S.W.  strike  with  a  prevailing  S.E.  dip. 

*  I  adopt  this  term  from  Prot  Bonney,  Quart  Joum.  Qeol.  Soc.  roL  zxxr. 
p.  322,  note*. 


Digitized  by 


Google 


EOOXS  OF  8HB0P8HIBB.  653 

At  Flax-Hill  quarry,  S.W.  of  Wrockwardine,  the  purple-banded 
felstones  are  bi^y  spherulitio.  A  djke  of  earthy  rock,  a  decom- 
posed greenatone,  throws  off  the  lavas  towards  the  S.W.  The 
felstone  is  continTied  for  some  distance  to  the  S.W^  and  is  seen  at 
Leaton,  one  mile  S.W.  of  Wrockwardine. 

At  about  one  mile  S.S.W.  of  Wrockwardine,  midway  between 
Burcot  and  the  old  turnpike  on  the  Shrewsbury  road,  some  very 
interesting  rocks  are  exposed.  They  are  very  hard  and  compact, 
approaching  homstone  in  texture  and  fracture,  but  are  clearly  frag- 
mentaL  IRie  contained  fragments  are  green  and  purple  felstone, 
the  purple  variety  being  sometimes  banded.  They  vary  in  size  from 
a  pin's  head  to  a  pigeon's  egg.  Their  shape  is  irregular,  their  out- 
lines being  sometimes  well  defined,  but  often  shading  off  into  the 
matrix,  wMch  is  frequently  as  compact  as  homstone.  This  rock 
has  seemed  t9  me  to  favour  the  clastic  origin  of  homstone.  The 
beds  have  a  high  dip  to  the  W.  Associated  with  this  breccia  is  a 
compact  fine-grained  rock,  to  which  also  Prof.  Bonney  assigns  a 
fragmental  origin  (Note  2,  p.  666).  Underlying  these  strata,  in  the 
field  to  the  E.,  is  purple  felstone  (Note  1,  p.  666). 

At  Lea  Bock,  about  half  a  mile  W.  of  the  last  spot,  aro  the 
banded  febtones  or  altered  perlites  described  by  Mr.  Allport  in  the 
Journal  of  this  Societv  *.  Nuclei  of  quartz,  chalcedony,  and  agate 
give  the  rock  a  peculiar  spotted  aspect.  The  nuclei  sometimes 
open  out  into  geodes  lined  with  quartz  crystals. 

The  induration  which  these  and  other  rocks  of  the  Wrekin  area 
have  undergone  is  due,  I  conceive,  not  to  intense  heat  (for  the  rock, 
when  in  contact  with  intrusive  masses,  by  no  means  displays  greater 
hardness),  but  to  the  chemical  action  of  infiltrated  waters  at  perhaps 
very  low  temperatures.  The  dissolving  power  of  water  is  weU  seen 
in  some  of  the  banded  felstones,  free  silica  being  dissolved  out  and 
deposited  in  lines  of  minute  quartz  crystals  along  the  lines  of  lami- 
natioD.  I  have  also  noticed  in  the  quartzites  that  weathered  surfaces 
constantly  display  a  coating  of  recrystallized  quartz.  The  dissolved 
silica  may  well  have  acted  as  the  cement  to  the  fiinty  homstones 
and  breccias. 

Summary, — A  low  rounded  elevation,  trending  8.W.,  composed  of 
purple  and  green  felstones  and  homstones,  with  some  highly  indu- 
rated aggbmerates,  and  broken  through  at  intervals  by  greenstone. 
Bedding  not  very  clear,  but  a  general  S.W.  strike,  agreeing  with  the 
strike  of  the  mass,  but  discordant  to  the  usual  strike  of  the  Wrekin 
chain. 

7.  Ohariton-HiU  area. 

Details, — Charlton  Hill  is  an  inconspicuous  oblong  elevation,  three 
quarters  of  a  mile  from  N.  to  8.  and  half  a  mile  from  E.  to  W.  Tho 
northern  half  is  composed  of  tuff  of  the  Lawrence-Hill  t)T)e.  This 
passes  down  towards  the  S.  into  a  massive  bed  of  conglomerate  (Note  3, 

•  Vol.  xxxiil.  p.  454, 
Q.J.O.S.  No,  140.  2y 
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p.  667)  striking  across  the  centre  of  the  hill  from  E.  to  W.,  and 
dipping  to  the  N.,  that  is,  with  the  normal  dip  and  strike  of  the 
Salop  Precamhrian  rocks.  The  contained  pehhles  -are  well  rounded; 
they  consist  of  quartzite,  quarts,  gneiss,  mica-sohiflty  red  fel^Mr, 
and  granitoid  rock.  This  assemhlage  strongly  suggests  deriration 
from  the  Malyemian  series  represented  at  Primrose  Hill*,  The 
matrix  is  apparently  ash.  This  hed  is  indisputably  a  sobaqueirafl 
formation;  it  appears  to  be  on  the  same  horizon  as  the  tu£b  of 
the  Wrekin.  PoUowing  this  conglomerate  along  the  strike  to  ths 
E.,  it  is  seen  to  end  abruptly  against  a  reddish  felspathic  rock,  pro- 
bably intmsiye. 

Below  the  conglomerate,  and  occupying  the  south  end  of  the  hill,  ii 
a  rock  which  I  have  obserred  in  no  other  Shropshire  locality.  It  is  a 
mass  of  porphjrritic  felstone,  composed  of  crystals  of  red  and  green 
felspar  in  a  dark  green  matrix.  The  hill  at  this  point  b  flanked  by 
quartrite. 

There  is  a  fine  exposure  of  Precamhrian  rock  in  the  road  S.E. 
of  Charlton  Hill.  In  the  upper  part  is  a  compact  red  felstone ; 
below  this  are  beds  of  greenish  daystone,  with  gritty  bands,  made 
up  of  small  rounded  fragments  similar  to  the  pebbles  of  the  chief 
conglomerate,  the  prevailing  constituents  being  quarts  and  a  red 
felspar.  These  seams  of  grit  haye  all  the  appearance  of  derivatioB 
from  the  same  land  as  the  conglomerate,  but  from  a  greater  dis- 
tance, the  pebbles  being  much  smaller  and  being  more  exdnsiTebf 
oomposed  of  the  lees  destructive  rocks.  A  little  lower  down  ihe 
road  is  an  instructiye  junction  of  the  older  Precamhrian  beds  with 
the  oTcrlying  quartzite,  which  dips  S.8.E.  at  60°. 

In  a  small  boss  to  the  S.  of  Charlton  Hill  is  an  indurated  toff  of 
the  ordinary  Wrekin  type,  associated  with  gritty  beds.  Quartzite 
dips  away  to  the  south. 

Summary, — Conglomerates,  grits,  claystones,  and  tu£k,  with  a 
general  dip  to  the  N. ;  felstone,  sometimes  porph3rritic ;  quartzitet 
dipping  away  from  bosses  of  the  older  series  in  all  direc^ons. 


8.  District  between  the  Wrekin  and  the  LawUy. 

The  two  areas  are  connected  by  a  south-west  line  of  fault.  On 
this  line  igneous  rocks  are  exposed  at  two  points.  The  first  is  in  a 
cutting  on  the  Severn  Valley  Railway,  near  Cound  Cottage,  about  a 
mile  south-west  of  Dryton  Bank.  The  rock  is  a  dark  brownish- 
green  fino-grained  dolerite,  with  amygdaloids  of  calcite.  The  other 
spot  is  a  mile  and  a  half  further  to  the  south-west,  where  a  small 
quarry  has  been  opened,  on  the  opposite  side  of  the  ravine  from  the 
great  sandstone-quarry  of  Cound  Moor.  Here  also  the  rock  is  a 
greenstone ;  but  it  is  more  coarsely  crystallized,  the  felspar  and  the 
augite  (or  hornblende)  being  readily  distinguishable.    Higher  \b^  on 

*  In  this  conglomerate  I  haTe  made  out  eighteen  Tarietiee,  more  than  half 
of  which  I  hare  recently  reooj^iied  in  Anglefey.--C.  C,  Sept.  1879. 
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the  slope  of  the  hill  tiiiB  greetiBtone  is  overlain  by  beds  of  Caradoo 
sandstone. 

9.  TheLawUy. 

Details, — ^The  centre  of  the  hill  is  a  mass  of  greenstone.  At  the 
summit  is  a  dark-green  basalt.  On  the  north-west  slope  the  rock 
is  coarsely  crystalline,  and  is  very  similar  to  the  greenstone  opposite 
Connd-Moor  quarry.  The  crystals  of  white  felspar  imbedded  in  a 
dark-green  matrix  give  the  rock  a  speckled  appearance.  In  parts, 
where  the  greenstone  is  decomposed,  mica  and  cubic  iron  pyrites  are 
seen.  Following  the  ridge  towards  the  north-east  from  the  summit 
we  come,  above  Yew-Tree  House,  to  a  grey  felspathic  breccia,  which 
is  continued  for  some  distance  to  the  north-east  extremity,  where 
coarse  tuff,  striking  east  and  west  in  bands  across  the  ridge,  is 
broken  through  by  black  basalt.  At  the  south-west  end  a  red  fel- 
gitic  rock  occurs. 

The  Lawley  is  bounded  by  faults  on  both  sides.  On  the  west  lie 
the  Coal-measures  of  Leebotwood ;  on  the  east  runs  a  parallel  vaUey 
excavated  in  8hineton  Shales.  At  the  south-west  end  quartzites  are 
seen  dipping  away  from  the  hill,  and  lapping  round  for  some  dis- 
tance to  the  east  and  north-east.  Just  below  the  quartzite  at  Cow- 
ley Farm,  where  the  ridge  breaks  down  into  the  ravine  to  the  south- 
west, is  a  small  exposure  of  grey  grit  with  Caradoc  fossils.  The 
strange  position  of  these  beds  will  be  perceived  when  it  is  observed 
that  this  fragment  is  separated  from  the  Caradoc  escarpment  of 
Hoar  Edge  by  an  intervening  ravine  hollowed  out  in  upper  Cam- 
brian rocks  (Bhineton  Shales). 

Summary, — ^A]south-west  ridge,  composed  of  an  intrusive  mass  of 
greenstone,  with'  Precambrian  tufPs  and  felstones  at  each  end, 
lapped  round  by  quartzites  on  the  south-west  and  south,  and  bounded 
by  faults  on  all  sides. 

10.  Caer  Caradoc, 

Details, — ^The  N.E.  spur,  called  Little  Caradoc,  is  mainly  com- 
posed of  intrusive  rock.  At  the  north-eastern  extremity  is  a  mass 
of  greenstone  extending  for  several  hundred  yards  along  the  ridge ; 
it  is  large-grained,  the  plagioclase  prisms  sometimes  reaching  nearly 
an  inch,  and  is  strongly  distinguished  from  every  other  greenstone 
in  the  district.  Resting  on  it  to  the  S.W.  are  some  slaty  beds  of  a 
flinty  texture ;  they  are  of  slight  thickness,  and  are  disturbed  by 
the  intrusion  of  the  greenstone.  The  remainder  of  Little  Caradoc 
is  chiefly  composed  of  flne-grained  greenstone. 

In  the  nook  uniting  tMs  spur  with  Caer  Caradoo  proper  the 
greenstone  is  highly  altered ;  it  is  spotted  with  spherical  concre- 
tions of  radiated  epidote.  In  some  of  the  nuclei  oaloite  is  crystal- 
lized with  the  epidote.  A  similar  rock  extends  for  some  distance 
along  the  ridge  towards  the  summit.  Quartz  is  sometimes  substi- 
tuted for  the  ^dte  in  the  amygdaloids. 

The  straotare  of  the  main  mass  is  very  varied.  At  the  summit, 
where  the  remains  of  an  ancient  camp  are  visible,  is  a  light-coloured 
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reddish  felspathic  rock,  apparently  a  felstone,  mottled  with  nunnle 
geodes  of  quartz,  which  is  somelimes  coated  with  yiridite.  The 
geodes  show  a  tendency  to  lie  in  parallel  planes,  as  if  they  had  ori- 
ginally heen  air-hnbbles  in  a  lava-flow.  To  the  S.W.  of  the  summit 
greenstone  breaks  ont  in  the  centre  of  the  ridge,  and  keeps  to  the 
crest  of  the  hill  for  some  distance,  being  flanked  on  each  side  by 
grey  felspathic  rocks.  Then  the  grey  rook  oocnpies  the  entire  saddl^ 
but  greenstone  soon  reappears,  and  forms  the  axis  of  the  range  for  a 
quarter  of  a  mile,  with  the  grey  rocks,  as  before,  on  each  aide.  An 
isolated  boss  of  greenstone  also  breaks  out  on  the  S.E.  slope.  To- 
wards the  S.W.  end  of  the  range  is  a  very  interesting  series  of 
bedded  rocks,  clearly  dipping  to  the  K.E.,  that  is,  at  right  an^es  to 
the  trend  of  the  ridge;  they  are  undoubtedly  fragmental  and 
most  distinctly  stratified.  Some  of  tiie  beds  are  yery  thin.  In 
some  spots  several  varieties  occur  in  a  thickness  of  a  yard.  The 
common  rocks  are  a  coarse  ashy  shale,  a  coarse  grit  made  of  crystals 
of  red  felspar  with  grains  of  quartz,  a  similar  grit  with  the  frag- 
ments imbedded  in  a  dark  matrix  (Note  4, p.  667),  a  felspathic  breoda, 
and  a  compact  felspathic  rock  with  a  flinty  fracture.  In  one  |^aee  I 
detected  a  thin  band  of  quartzite,  the  only  instance  of  the  ocourreiice 
of  that  rock  in  the  older  Precambrian  strata  of  the  district  The 
Caer  Caradoc  range  terminates  with  a  mass  of  greenstone,  whidi 
occupies  the  south-western  slope,  and  by  its  intrusion  has  increased 
the  dip  of  the  overlying  beds. 

On  the  Survey  map  this  mountain  is  coloured  as  altered  Caradoe, 
with  four  masses  of  intrusive  greenstone  irregularly  arranged. 
The  position  of  these  intrusions,  as  well  as  the  description  of  the 
bedd^  rocks,  requires  some  modification.  There  are  more  than 
four  eruptive  masses,  and  they  are  generally  arranged  in  a  linear 
manner  aloDg  the  crest  of  the  ridge. 

The  strikes  in  this  range  have  been  greatly  disturbed  by  the 
greenstones.  Wherever  bedding  can  be  made  out  in  proximity  to 
eruptive  rock,  the  dip  is  away  from  the  intrusive  mass.  On  the 
whole  it  is  probable  that  the  original  strike  was  in  accordance  with 
the  prevailing  E.  &  W.  strike  of  the  axial  series.  At  the  S.W.  end, 
for  example,  where  the  bedding  is  most  distinct,  the  dip  is  N.£. ;  but 
it  is  evident  that  if  the  intrusive  boss  which  has  distnri>ed  the  beds 
at  that  point  did  not  exist,  the  dip  would  have  been  more  northerly. 

Caer  Caradoc,  like  the  Wrekin,  is  a  wedge  of  consolidated  Pre- 
cambrian rock,  thrust  up  through  younger  beds,  and  is  consequently 
bounded  by  faults  on  all  sides.  In  the  Survey  map,  Wenlock  strata 
are  faulted  down  against  the  N.W.  side  of  the  ridge.  This  is  quite 
corroct  as  regards  a  part  of  the  distance ;  but  this  Wenlock  w^dge 
has  been  carried  by  the  surveyors  too  far  to  the  S.W.  Towards  the 
S.W.  end  of  the  hill  the  fault  brings  down  against  the  axial  rods 
the  slates  of  the  Longmynd  group,  with  their  usual  dip  to  the 
N.N.W.  at  a  very  high  angle.  On  the  S.E.  side  of  the  ridge  the 
relations  of  the  flan^g  strata  are  very  complicated.  At  little 
Caradoc  the  axial  rocks  are  overlain  by  high-dipping  quartrite,  sue- 
ceeded  by  HoUybush  Sandstone  and  Shineton  Shales,  with  Camdoe 
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Sandstone  plunging   towards  the  latter.    Fig  6  illustrates  this 
arrang^ement. 

I  believe  the  junctions  of  these  flanking  rocks  to  be  faults  in  each 
case,  the  masses  being  sliced  out  of  more  extensive  formations. 
These  slices  rapidly  thin  out  towards  the  south-west,  so  that  Caradoc 
sandstones  gradusdly  approach  the  axis,  and,  under  the  summit  of 
the  hill,  they  rest  against  it.  Fig.  7  represents  the  relations  of 
the  flanking  rocks  at  the  south-west  end  of  the  mountain. 


Kg.  6.- 


-Seetion  across  Lktle  Caradoc  and  valley  to  the  South-east* 
(Length  of  Section  about  half  a  mile.) 


8^. 


TMltt. 


o.  Greenttone  of  Little  Caradoc. 
d.  Tremadoo  (Shineton  Shales). 


Faolto. 


h,  Quartzite. 
e,  Oaradoc. 


c,  HoUybuBh  Sandstone. 


Fig.  7. — Section  across  Caer  Caradoc  towards  its  South-west  end. 

(Length  of  Section  about  1  mile.) 

if.w.  8.B. 


ranSt  FMlt. 

a,  Preoambrian  Bockf. 
€,  Caradoc  Sandstone. 


b.  Longmynd  Slatee. 
d*  LitruBiye  Dolerite. 


Summary. — Caer  Caradoc  is  a  wedge  of  rock  limited  by  faults 
striking  S.W.,  composed  of  felspathic  grits,  felstones,  ashy  shales,  and 
indurated  daystones,  which  are  locally  disturbed  by  several  pro- 
trusions of  greenstone  arranged  in  a  line  along  the  axis.  On  the 
N.W.  the  hiU  is  bounded  partly  by  Wenlock  limestone  and  shale, 
and  partly  by  Longmynd  slates  ;  on  the  S.E.  by  quartzite,  succeeded 
by  HoUybush  Sandstone  and  Tremadoo  Shales  at  the  N.£.  end,  and 
by  contorted  Caradoc  Sandstone  for  the  remainder  of  the  length. 

11.  Helmcih  Eat. 
This  low  narrow  ridge  continues  the  line  of  Caer  Caradoc  for  a 
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short  distanoe  to  the  8.W.    A  green  felspathic  rode  ia  seen  at  one 

.spot  on  the  S.£.  slope. 

12.  HazUr  BUI 

A  greenish  breooia  oocom  at  the  north-east  end,  nesr  ihe  road  to 
Ghnrdi  Stretton.  A  similar  rock  is  seen  at  the  sonth-westem  extx^ 
mity,  where  it  is  associated  with  a  dark  compact  felstonev  Here  s^ 
in  a  mass  of  greenstone,  which  forms  the  crest  of  the  low  rid^ 
connecting  Hazier  with  Eagleth.  This  rock  is  well  seen  in  a  qnany 
at  the  side  of  the  road.  In  places  it  is  spotted  wit^  amygdaloids  of 
calcite. 

13.  Hope  BowdUr  and  Cardington  range. 

Details, — ^At  the  most  westerly  summit,  called  the  (3aer  Stones, 
the  prerailing  rock  is  grey,  earthy,  rather  compact  claystone.  A 
simiLeir  material  also  occurs  as  the  matrix  of  a  grey  breccia.  On 
the  slope  to  the  E.  of  the  crest  is  a  rough  grit  of  red  felspar  and 
quartz  fragments,  the  former  predominating. 

Following  along  the  ridge  to  the  E.,  we  come  next  to  Hope-Bowdler 
Hill.  Here  also  the  rock  is  for  the  most  part  fragmental.  Sev^td 
Tarieties  of  breccia  occur,  the  fragments  being  of  quartz  and  felspar, 
and  the  matrix  presenting  a  very  ashy  appearance.  This  breecia 
thins  out  towards  the  E. 

On  the  southern  slopes  of  Cardington  Hill,  at  a  lower  horizon 
than  the  clastic  beds,  is  a  fine  development  of  green  and  purple  fel- 
stone,  the  latter  predominating.  This  rock  is  magnificentiy  exposed 
in  the  crags  overhanging  the  gorge  which  runs  up  from  near  Wood- 
gate  into  the  heart  of  the  ridge.  It  is  compact  in  texture,  with  scat- 
tered felspar  crystals,  and  is  banded  and  spotted  with  darker  colours 
(Note  5,  p.  667).  It  is  limited  below  by  a  bed  of  grit  to  be  shortly 
described ;  and,  as  there  are  no  signs  of  disturbance  either  above  or 
below,  I  infer  that  it  is  not  intrusive.  In  the  mouth  of  the  ravine, 
the  Survey  has  assigned  to  the  purple  felstone  a  dip  towards  the  S. ; 
but  I  am  by  no  means  certain  that  the  alleged  bedding  is  not  due  to 
jointing.  Towards  the  E.  this  felstone  band  approaches  nearer  and 
nearer  to  the  overlj^g  quartzite  of  the  Sharp  Stones  through  the 
thinning  out  of  the  breccia. 

To  the  S.W.  of  this  gorge,  on  the  farm  of  Woodgate,  is  one  of 
the  clearest  sections  of  the  entire  Precambrian  series.  The  succes- 
sion»  taken  in  ascending  order,  is  as  follows : — 

^1)  Grey  felspathio  griti  much  kaolinized ;  7  to  8  feefc. 

(2)  Puiplish    felstone,  compaofc,  with  small  felspar  orystals  disHaiuatadt 

weathering  white  at  surface ;  15  feet. 

(3)  Speckled  grit  (Note  6,  p.  668),  composed  of  grains  of  white  felspar  kaoHniied, 
of  small  crvstals  of  red  felspar,  and  of  green  chlorite  (?)  in  scales  (which  some- 
times  display  a  striated  "sliokenside"  surfaoeX  and  disseminated  Uirough 
the  mass ;  very  small  rounded  pebbles  occasionally  occur ;  the  white  and 
green  minerals  form  alternating  lamin« ;  barium  sulphate  is  seen  in  small 
nests  and  veins  :  20  feet. 

(4)  Purple  felstone,  passing  up  into  the  mass  previously  described. 
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The  section  displays  a  very  clear  dip  to  the  N.  at  80®. 

About  half  a  mile  to  the  E.  of  Woodgate,  near  the  fiarm  of  Un- 
derhurst,  is  an  exposure  of  a  granitoid  rock,  not  unlike  the  imper- 
fect granite  of  Primrose  Hill,  but  containing  more  chlorite. 

On  the  W.  side  of  the  main  axis,  where  the  Cardington  promon- 
tory springs  from  the  side  of  the  chain,  Longmynd  slates  (coloured 
**  Caradoc "  by  the  Surrey)  are  faulted  down  against  the  Precam- 
brian  rocks  of  Helmeth  and  Hazier  HiUs.  On  the  east,  the  spur  pro- 
jects into  an  area  of  Caradoc  Sandstone.  Near  the  tillage  of  Car- 
dington, the  rocks  just  described  are  oyerlain  by  bedded  quartzite, 
forming  the  Sharp-Stone  ridge,  and  dipping  N.  at  a  high  angle  with 
a  strike  of  half  a  mile.  The  older  series  and  the  quartz  rock  to- 
gether form  the  promontorj-,  which  is  surrounded,  except  at  ite  neck, 
by  Caradoc  Sandstone  with  its  normal  S.W.  strike. 

Summary. — A  great  spur,  with  an  E.  and  W.  strike,  projecting 
from  the  E.  side  of  the  main  chain  at  Hazier  Hill,  composed  of 
breccias  and  grits  in  the  upper  part,  uhderiain  by  massive  felstone 
with  alternations  of  altered  grit  and  felstones  below,  and  red  gra- 
nitoidite  at  the  base,  the  whole  dipping  at  a  high  angle  to  tho  N., 
thrusting  up  quartzite  in  front,  and  being  surrounded  by  Caradoc 
Sandstone  with  its  usual  S.W.  strike.  Longmynd  slates  faulted  down 
against  the  W.  flank  of  tho  main  ridge. 

14.  Bagleth  Hill. 

Details. — ^This  elevation  is  coloured  on  the  Survey  Map  as  altered 
Caradoc,  with  a  linear  mass  of  **  greenstone  "  running  about  halfway 
olong  the  crest  from  the  N.E.  end.  This  "  greenstone  "  has  no  ex- 
istence, the  ridge  being  occupied  by  a  compact  greenish-grey  clay- 
Btone,  which  also  makes  up  the  chief  mass  of  tho  north-easterly  half 
of  the  mountain.  On  the  S.E.  slope,  midway  between  each  end,  are 
beds  of  thinly  laminated  greenish  fine-grained  slate,  very  similar  to 
ordinary  Longmynd  slate,  and  displaying  the  normal  dip  (W.N.W.) 
of  that  formation.  This  coincidence  of  dip  is  apparently  duo  to  a 
local  protrusion  of  a  highly  altered  greenstone  which  breaks  out  of 
the  side  of  the  hill  at  this  point.  The  slaty  beds  arc  overlain  by 
compact  reddish  felstone.  At  a  little  distance  to  tho  W.,  similar 
slate  is  interstratifiod  with  a  coarse  felspathic  grit  with  a  few  grains  of 
quartz.  Towards  the  south-west  end  the  grit  appears  with  an  E.  and 
Vf.  strike,  associated  with  a  grey  compact  claystone  (Note  7,  p.  668). 
Alternations  of  slaty  and  breociated  bands  are  seen.  At  the  extreme 
S.W.  end  is  a  fine-grained  grey  claystone  in  thin  bods  dipping  at  a 
high  angle  to  the  N.N.E.  A  little  to  the  west  of  this  spot  is  a  knob 
of  dolerite,  containing  much  free  calcite,  and  breaking  to  the  surface 
at  about  the  line  of  fSault  between  the  Cambrian  and  Precambrian 
rocks.  This  protrusion  appears  to  have  produced  the  deviation  in 
the  strike  of  the  claystone  from  the  normal  E.  and  W.  direction. 

Caradoc  rocks  bound  the  S.E.  side  with  a  faulted  junction ;  they 
also  lap  round  the  S.W.  end,  where  they  dip  to  the  S.  They  are 
underlain  by  a  coarse  conglomerate  with  a  S.W.  dip.     This  rock  is 
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chiefly  made  up  of  pebbles  of  quartz,  and  contams  flakes  of  silTery 
mica,  apparently  due  to  subsequent  alteration. 

In  the  N.W.  side  of  the  hill,  the  fault  brings  down  Longm^d 
strata  against  tho  Precambrian  axis.  The  slates  which  rest  agamst 
Hazier  Hill  are  continued  for  about  one  third  of  the  length  dT  the 
Bagleth,  when  they  suddenly  give  place  to  the  purplish  felspathic 
sandstones  which  lie  in  force  to  the  S.W.  The  relations  of  these 
subdivisions  of  the  Longmynd  series  are  not  yet  fully  known,  and  do 
not  concern  our  present  purpose. 

Summary. — A  S.W.  ridge  composed  of  claystones  and  felspaihio 
grits ;  a  W.N. W.  dip,  due  to  a  greenstone  protrusion  on  the  S.E. 
side,  and  a  N.N.E.  dip  at  the  S.W.  end,  with  another  greenstone 
mass  a  short  distance  to  the  W. ;  Caradoc  rocks  faulted  against  the 
S.E.  side  and  lapping  round  the  S.W.  end ;  Longmynd  slat^  and 
sandstones  faulted  down  on  tho  W.N.W. 

15.  WaHle-KnoU  Group. 

East  of  the  farm  named  Garwood  is  a  small  conical  knob  composed 
of  brownish  felstone  full  of  closely  approximated  joint8(Note  8,  p.  668). 
Wartle  Knoll,  a  loftier  elevation,  is  chiefly  made  up,  especially  in  tiie 
centre,  of  a  breccia  of  quartz  and  felsitio  fragments.  Felspathic 
rocks  of  an  obscure  character  are  found  on  the  slopes.  The  Garwood 
mass  is  coloured  as  Garadoc  by  the  Survey.  Its  position  on  the  S.W. 
axis,  together  with  its  resemblance  to  some  of  the  Precambrian  vol- 
canic series,  renders  its  Precambrian  age  almost  certain.  Wartle 
£noU  rises  up  through  Longmynd  strata,  and  is  coloured  as  such  on 
tho  Map ;  but  on  the  whole  it  resembles  Precambrian  rather  than 
Gambrian  rock. 

The  Precambrian  axis  is  evidently  continued  under  the  purple 
Longmynd  sandstones  of  Hopesay  Gommon,  and  underlies  an  anti- 
clinal of  Caradoc  rocks  at  Corston,  two  miles  S.W.  of  Wartle 
KnolL 

16.  Kington  Oroup, 

Hanter  Hill  is  composed  of  gabbro  on  the  E.  side  and  dolerite  at 
the  summit.  On  its  N.E.  slope  is  a  small  exposure  of  a  grey  grani- 
toid rock  (Note  9,  p.  668). 

Stanner  Eock  contains  similar  dolerite  and  gabbro.  In  about  the 
centre  of  the  ridge  is  a  grey  compact  felstone.  At  the  NJB.  end  is 
a  dark  grey  grit  with  obscure  E.  and  W.  bedding,  and  near  it  to  the 
S.  is  a  quartzose  breccia.  In  the  same  locality  is  seen  a  greyish 
granitoid  rock,  similar  to  the  specimen  at  Hanter  Hill.  The  strac- 
ture  of  this  ridge  suggests  that  of  the  Lawley. 

I  refer  this  group  with  hesitation  to  the  Precambrian  period.  The 
rocks  are  brought  up  on  the  same  axis  of  upheaval,  but  the  lithcdo- 
gical  resemblances  are  not  at  present  very  decisive.  The  greenstone! 
are,  of  course,  eruptive  and  posterior. 
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1.  Stratigraphkal. 

It  will  bo  sufficient  to  collect  a  few  of  the  facts  detailed  in  the 
preyioos  sections. 

On  the  S.E.  side  of  the  Wrekin  the  proof  is  very  clear.  The  axial 
rocks,  striking  W.S.W.,  are  overlain  by  quartzites  striking  to  the 
S.W.  The  quartzites  are  succeeded  by  the  Hollybush  Sandstone,  and 
the  Hollybush  Sandstone  by  the  Shincton  Shales  (Tremadoc).  The 
Hollybush  must  thus  be  of,  at  least.  Upper  Cambrian  age ;  the 
quartzites  must  be  of,  at  least,  Lower  Cambrian  age  (they  are  proba- 
bly Precambrian),  and  the  volcanic  scries  must  be  Precambrian. 
The  discordance  between  the  axial  and  the  flanking  rocks  will  be 
still  more  evident  when  the  dips  are  compared.  The  volcanic  series 
dips  N.N.W.,  while  the  quartzites  dip  S.E.  A  greater  unconformity 
could  hardly  be  imagined.  These  relations  are  expressed*  in  figs. 
2,  3,  and  5. 

In  Caer  Caradoc  the  sections  are  still  more  satisfactory.  Un- 
doubted Lower  Cambrian  rocks,  the  Longmynd  series,  are  brought 
down  against  the  N.W.  side  of  the  axis,  the  discordance  of  stnke 
between  the  two  formations  approaching  a  right  angle,  the  Pre- 
cambrian beds  dipping  northerly,  the  Longmynd  slates  westerly  (see 
fig.  7).  These  Lower  Cambrian  rocks  probably  hold  the  same  rela- 
tion to  the  axis  on  its  N.W.  side  as  far  to  the  N.E.  as  Wrockwar- 
dine,  or  even  to  Lilleshall,  being  masked  by  a  thin  covering  of  Car- 
boniferous strata  at  the  N.W.  base  of  the  Lawley,  and  by  Triassio 
deposits  in  the  Wellington  district. 

The  Wrekin  and  Caer  Caradoc  chain  is  the  axis  of  a  great  anti- 
clinal. The  formations  dip  away  on  both  sides,  and  their  dip  is  de- 
termined by  the  upheaval  of  the  Precambrian  nucleus.  But  the 
axial  rocks  themselves  do  not  share  in  the  anticlinal  arrangement, 
being  wedges  of  stratified  rock  thrust  up,  after  consolidation,  between 
parallel  faults.  This  peculiar  method  of  mountain  formation  is 
paralleled  in  the  Malvern  chain  and  in  the  Dimetians  of  St.  Davids. 
I  have  elsewhere  *  described  this  structure  as  "  plagioclinal." 

2.  Ffiym  included  fragmenU. 

In  the  middle  of  the  Longmynd  series  of  Haughmond  Hill,  near 
Shrewsbury,  is  a  great  bed  of  conglomerate  f,  coloured  "  green- 
stone "  on  the  Survey  Map.  It  commences  a  hundred  yards  or  so 
E.  of  the  Castle,  and  runs  in  an  unbroken  line  for  more  than  a  mile 
to  the  N.N.E.  Its  superior  hardness  gives  it  in  some  places  a  some- 
what mural  appearance.  It  is  made  up  of  rounded  pebbles  cemented 
in  an  ashy-looking  matrix.    Amongst  the  pebbles  I  recognize  a  grey 

»  Geol.  Mag.,  May  1879. 

t  I  bare  alraidy  vmd  this  argument  in  the  *  Popular  Science  Beview,'  January 
1879. 
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homstone,  like  one  of  the  lilloBliall  rocks,  and  a  chocolate  fektone 
with  a  few  scattered  prisms  of  felspar,  yery  similar  to  some  of  the 
Wrockwardine  types.  This  conglomerate  shades  off  gradnallj,  hoth 
above  and  below,  into  the  ordinary  Longmynd  sandstones.  There 
is  little  doubt  the^  this  band  has  been  derived  from  the  series  de- 
scribed. 

I  have  already  mentioned  that  on  the  N.W.  flank  of  the  Kagletii 
and  further  to  the  8.W.,  the  Longmynd  series  is  represented  by  a 
febpathic  sandstone.  This  rock  is  chiefly  made  up  of  quartz  and  a 
red  felspar,  and  it  is  highly  probable  that  it  has  been  produced  by 
the  degradation  of  the  granitoid  series. 

In  my  paper  "On  the  Quartzites  of  Shropshire  "  (Q.  J.  G.  8.  xxjdv, 
p.  760),  I  state  that  "  towards  its  base  the  quartz-rock  contains 
fragments  derived  from  the  older  series,  consisting  of  small  rounded 
or  unrounded  pieces  of  felstone  greatly  decomposed,  but  in  some 
cases  showing  distinctly  the  banded  structure  characteristic  of  some 
of  the  Wrekm  felstones."  As  the  quartzite  is  of  (at  least)  Lower 
Cambrian  age,  the  felstone  must  be  Precambrian.  Professor  Bonney 
has  examined  some  of  these  specimens,  and  he  quite  confirms  my 
previous  opinion  (Note  D,  p.  666). 

Gbnsbal  Sithkabt. 

1.  The  axial  chain  of  hills  in  South  Shropshire  must  be  removed 
from  the  category  of  intrusive  greenstones,  and  regarded  as  built  up 
of  bedded  rocks  broken  through  by  later  basic  eruptions. 

2.  The  chain  is  flanked  by  various  formations  from  the  Lower 
Cambrian  to  the  Trias.  Some  of  the  flanking  deposits,  which  are  of 
(at  least)  Lower  Cambrian  age,  are  partially  or  wholly  derived  from 
the  axial  rocks.  By  the  double  test  of  stratigraphical  position  and 
included  fragments  the  bedded  part  of  the  chain  is  thus  shown  to  be 
of  Precambrian  age. 

3.  The  lithology  of  the  chain  is  very  varied.  (1)  Metamorphic 
rocks  of  Malvemian  (the  author)  or  Dimetian  (Professor  Bonney) 
type.  (2)  Volcanic  (Mr.  Allport,  Professor  Bonney,  and  the  aut^r). 
(3)  Sedimentary,  as  conglomerate,  grit,  claystone,  and  shale. 

4.  The  separate  masses  composing  the  chain  are  wedges  of  the 
solidified  crust  thrust  up  through  younger  deposits  between  great 
parallel  S.W.  faults.  The  structure  of  the  ridges  is  plagioclinal 
(the  strikes  being  across  the  axis),  and  their  direction  is  determined 
by  the  faults. 


Notes  on  the  Micboscopic  Steucture  of  some  Shbopshikb  Kocxs. 
By  Prof.  T.  G.  Bohnbt,  M.A.,  F.E.S.,  Sec.  GS. 

At  Ercal  HiU,  to  the  north  of  the  Rhyolites  of  the  Wrekin,  so 
admirably  described  by  Mr.  S.  Allport*,  is  a  mass  of  reddish  granitoid 

*   Quart.  Joum.  QeoL  Soc.  vol.  xxxiii.  p.  449,  &c. 
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rock.  Hicrofloopic  ezandnation  of  a  slide  of  this  caused  me  to  snspeot 
that  it  was  not  a  true  granite,  even  before  the  investigation  of  Dr. 
Callaway's  specimens  and  our  joint  visits  to  the  locality.  Besides  the 
granitoid  rock,  there  is  seen,  in  the  lower  portion  of  a  large  pit,'a  com- 
pact greyish  rock;  both  these  have  here  been  very  fdly  examined 
with  the  following  results : — 

(A)  Compact  type, — ^Fiye  specimens  in  all  have  been  examined, 
three  from  different  parts  of  the  greyish  mass  forming  the  lower 
portion  of  the  pit,  two  from  its  upper  left-hand  comer,  where  the 
rock  has  a  redder  colour  and  a  yery  fragmental  aspect.  As  regards 
the  fbrst  three,  under  the  microscope  they  possess  in  common  far 
more  resemblaoce  to  the  rhyolites  described  by  Mr.  S.  Allport  than 
one  would  suspect  fr^m  their  macroscopic  aspect  *.  All,  seen  by 
transmitted  light,  hare  a  more  or  less  glassy  aspect,  and  with  cross- 
ing Nicols  exhibit  the  usual  devitrified  structure.  Eorthe  details  of 
this  I  content  myself  with  referring  to  Mr.  Allport's  descriptions, 
and  will  merely  call  attention  to  t£e  structural  variations  in  each 
specimen. 

(1)  A  compact  buff-grey  rock  frt>m  the  base  of  the  quarry  (*<  fairly 
typical,  very  jointy" — C.  C).  This  exhibits  a  great  number  of 
somewhat  faintly  defined  crystallites  of  a  rather  curved  or  wavy  form, 
such  as  are  figured  by  Zirkel  in  the  S.£.  comer  of  figure  4,  plate 
viii.  "  Microscopical  Petrography  "  (U.S.  Geol.  Explor.  of  Fortieth 
Parallel),  which  give  slight  indications  of  a  fluidal  arrangement :  and 
there  are  numerous  minute  filmy  brown  patches  of  what  may  be  an 
iron  mica,  both  isolated  and  in  clusters,  associated  with  a  fibrous 
mineral  showing  with  crossed  Nicols  a  bright  gdden  colour ;  minute 
fibres  of  the  same  are  disseminated  over  tho  slide.  The  whit^  specks 
visible  in  the  rock  are  probably  decomposed  felspar;  the  only  one,  how- 
ever, on  the  slide  shows  spherulitic  structure  towards  the  exterior,  and 
may  be  simply  a  fragment  of  glass.  There  are  one  or  two  included 
fragment-like  bits  containing  much  opacite  f. 

(2)  A  dull  green  rock,  marbled  or  spotted  with  pinkish  buff,  from 
the  upper  part  of  the  mass.  General  character  fairly  similar  to  last, 
except  that  in  parts  a  fluidal  structure  is  more  conspicuous,  and 
there  are  abmpt  changes  in  the  microlithic  structure,  with  compara- 
tively sharp  lines  of  division,  as  is  common  in  glassy  rocks ;  cracks 
traverse  the  slide,  filled  now  with  microlithic  minerals,  chiefiy  quartz ; 
some  of  the  spots,  as  in  the  last,  are  probably  fragments  in  a  slightly 
different  condition. 

(3)  A  marbled  dull  greenish  and  pale-red  rock,  also  from  the 
upper  part  of  the  grey  mass  (''taken  from  a  place  where  there  is  a 
marked  concentric  spheroidal  jointing  '^ — C.  C.). 

Parts  of  this  slide  exhibit  a  beautiful  perlitic  stracture ;  other 

*  The  marked  difference  in  colour  is  due  to  the  fact  that  the  normal  Wre- 
kin  rocks  are  fuU  of  desseminat^d  opacite  and  rich  red  ferrite,  while  in  these 
from  the  Ercal  the  corresponding  mmeral  is  a pale-hrown  ferrite. 

t  This  pseudo-clastic  cnaracter,  the  result,  aoubtless,  of  motion  after  partial 
consolidation,  is  not  imcommon  in  glassy  rocks.  Mr.  Allport  has  given  me  a 
most  interesting  example  of  it  from  the  other  part  of  the  Wrddn. 


Digitized  by 


Google 


664  PBor.  T.  a.  bovnst  ok  ihb  loCBOfioopic 

parts  groups  of  spherolites,  with  radial  struotore,  some  being  about 
•03  inch  in  diameter. 

To  aToid  repetition  it  is  enongh  to  refer  to  Mr.  Allporfs  descriptions 
and  plate  (loe,  cii.  pi.  xx.)  *. 

(4)  and  (5)  are  taken  from  the  upper  part  of  the  pit  on  the  left* 
hand  side.  They  are  much  redder  in  colour  than  the  others,  are  more 
like  the  granitoid  rock,  and  have  a  very  fragmental  aspect  A  glance, 
howeyer,  at  the  slides  under  the  microscope  shows  that  they  exhibit 
the  usual  aspect  of  a  devitrified  glass,  with  a  rather  brecciated 
structure,  of  the  character  already  described,  both  specimens  show- 
ing indications  of  fluidal  structure.  In  the  one  this  is  rery  dear ; 
in  the  other,  more  or  less  perfectly  developed  spherulitic  structure  in 
frequent.  After  a  careful  study  of  these  various  slides,  and  com- 
parison of  them  with  my  collection  from  other  parts  of  this  distri<^ 
I  have  no  hesitation  in  asserting  that  the  compact  rock  of  this  pit  is 
only  the  Wrckin  rhyolite  somewhat  alt^ed  by  various  subsequent 
chemical  changes,  and  that  it  must  be  regarded  as  intrusive  in  the 
granitoid  rock. 

(B)  Oraniioid  type. — Of  this  I  have  had  five  slides  prepared  from 
specimens  taken  from  various  parts,  from  the  lowest  to  the  highest 
exposures.*  All  may  be  described  as  consisting  mainly  of  quartx  and 
felspar,  with  a  little  iron  peroxide  (species  uncertain)  and  a  very 
small  quantity  of  chlorite  (?).  The  quartz  contains  many  very 
minute  enclosures ;  the  felspar  is  rather  decomposed,  and  stained 
vnth  ferrite ;  orthoclase  and  plagioclase  (?  oligoclase)  are  both  com- 
mon ;  and  there  is  much  cross-hatching  and  interbanding  visible. 
Some  grains  rather  resemble  microcline.  Indications  of  graphic 
structure,  especially  on  a  minute  scale,  are  not  rare.  As  regards  the 
specimens  from  the  middle  part  of  ilio  mass,  I  cannot  venture  to 
express  a  positive  opinion ;  they  are  very  like  a  variety  of  granite, 
and  yet  there  is  a  something,  impossible  to  express  in  words,  whidi 
reminds  me  rather  of  the  granitoidites  of  the  *'Dimetian"  series  in 
Wales  than  of  true  granitic  rocks.  The  specimens,  however,  from  the 
bottom  part  of  the  mass  (as  may  even  be  seen  by  the  unaided 
eye)  are  certainly  clastic  Bather  rounded  fragments,  consisting  of 
qucurtz  and  felspar,  often  exhibiting  a  minute  graphic  structure,  are 
imbedded  in  a  matrix  containing  smaller  fragments  of  quartz,  often  dis- 
tinctly angular,  and  of  felspar;  the  matrix  also  appears  to  be  composed 
of  these  two  minerals,  in  an  extremely  fine  state  of  division,  but  often 
showing  an  approach  to  graphic  structure.  One  of  two  explana- 
tions is  alone  possible :  either  the  granitoid  rock  has  been  cnislied 
in  situ  (owing  probably  to  the  intrusion  of  the  rhyolite);  or  we 
have  here  a  quartz-felspar  grit,  which,  though  highly  metamoiphosed 
(the  more  finely  divided  constituents  having  crystallized  in  $Uu\ 
still  retains  traces  of  its  original  structure. 

After  the  best  consideration  which  I  can  give  to  the  question,  I 

*  1  belieye  this  is  the  first  time  that  perlitio  structure  has  been  noted  at 
the  Wrekin.  Mr.  Allport*s  spedmens  were  all  from  Lea  Bock,  where  spherulitic 
structure  also  is  much  more  common.  I  hare  since  found  specimens  in  this 
Ercal  pit  showing  to  the  unai4ed  eje  very  distinct  spherulitic  structure. 
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indine  to  the  former  view.  But  whether  this  rook  be  a  granite  or  a 
granitoidite  (and  I  believe  it  the  latter),  there  can  be  no  doubt  that 
it  is  far  older  than  the  rhyolite,  and  thus  we  may  r^ard  it  as,  in 
general  terms,  a  representative  of  the  ^'  Bimetian  "  series. 

(C)  A  very  similar  rock  occurs  at  Primrose  Hill,  just  S.  of  the 
Wrekin.  Two  specimens  collected  by  Dr.  Callaway,  labelled 
« summit"  and  ^'  N.W.  slope  halfway  up,"  in  mineral  constituents 
and  general  character  so  dosely  resemble  the  Ercal  rock,  that  we 
need  not  hesitate  to  class  them  as  belonging  to  the  same  series. 
The  former,  in  structure,  is  similar  to  the  specimens  from  the  middle 
part  of  the  Ercal  granitoidite ;  the  latter  exhibits  a  clastic  struc- 
ture very  distinctly  in  parts  of  the  slide ;  so  that  here  also  we  must 
suppose  a  most  exceptional  case  of  local  crushing  or  admit  a  clastic 
origin. 

Gneiss,  Primrose  Hill. — ^The  slide  was  cut  from  a  specimen  whose 
banded  structure  showed  even  to  the  unaided  eye  that  it  was  a 
gneiss.  Microscopical  examination  proves  it  to  be  a  most  character- 
istic  example  :  it  consists  of  irregular  quartz  grains  with  the  inter- 
stices often  occupied  by  a  granular  mineral  (of  a  dull  yellowish  colour 
with  transmitted  light,  and  rather  brilliant  tints  witji  crossing 
Nicols),  probably  a  secondary  product  and  possibly  epidote,  with  fel- 
spar, mica,  and  a  greenish  chloritic  mineral.  There  is  the  usual  ten- 
dency on  the  part  of  the  different  constituents  to  collect  in  bands. 
The  rock  is  not  very  rich  in  felspar ;  some  of  this  is  very  character- 
istic microcline.  The  mica  is  colourless  with  transmitted  light,  and 
shows  very  brilliant  tints  with  the  Nicols.  The  green  mineral  rather 
resembles  chlorite  than  hornblende. 

Ghieiss,  Primrose  HiU. — ^The  specimen  was  selected  as  an  example 
of  one  of  the  less  obviously  gneissic  varieties.  Under  the  microscope, 
however,  its  structure  is  clearly  that  of  a  metamorphic  rock.  As 
might  bo  expected  from  the  darker  aspect  of  the  specimen,  it  is 
poorer  in  quartz  than  the  last,  and  has  much  of  a  chloritic  mineral, 
not,  I  think,  hornblende,  though  perhaps  replacing  it,  also  some  de- 
composed felspar  and  a  good  deal  of  the  epidote-like  mineral  named 
above,  probably  replacing  felspar. 

Two  other  specimens  from  the  N.W.  side,  near  the  top,  are  very 
different.  One  is  a  compact  duU  greenish  rock  of  rather  brecciated 
aspect,  the  other  a  cherty-looking  rock  of  a  brownish-buff  tint.  The 
former  appears  to  consist  of  rather  angular  fragments  of  felspar, 
with  some  quartz  of  variable  size,  imbedded  in  an  earthy-looking 
matrix,  often  dark  with  opacite,  and  with  some  chlorite — a  rock  of 
clastic  origin,  though  considerably  altered.  The  other  is  even  more 
distinctly  fragmental ;  the  matrix  is  earthy-looking  and  not  quite 
so  dark  as  the  other,  occupying  a  larger  part  of  the  slide.  The  frag- 
ments, as  before,  are  quartz  and  felspar ;  and  many  of  them  show  a 
minute  graphic  or  fibrous  structure,  as  exhibited  in  the  above- 
described  specimens,  suggesting  these  as  the  source  whence  their 
materials  have  been  derived. 

The  specimen  labelled  "halfway  up"  is  a  very  different  rock. 
It  is  of  igneous  origin,  rather  finely  crystalline,  consisting  of  felspar 
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and  hornblende,  both  rather  deoompoBed,  with  a  little  iron  peroxide 
and  chlorite.  The  felspar  is  mainly  plagioclastio ;  but  some  crystals 
resemble  orthodase.  It  is  possible  that  the  hornblende  may  be  of 
secondary  origin  ;  but  the  rook  can  now  only  be  defined  as  a  diorite. 
It  is  not  unlike  one  of  the  **  traps  "  from  MalvBrn  in  my  coUection. 

(D)  The  Quarizites. — ^The  first  specimen,  from  "near  the  cottage  on 
the  Wrekin,"  and  thus  from  quite  ^e  lower  part  of  the  quartsite  series, 
contains  numerous  rather  angular  fragments,  some  ^"  long,  of  a 
material  like  decomposed  pumice.  Microecopio  examination  shows 
that  the  rock  consists  of  well-rounded  quartz-grains  and  fragments 
of  Tarying  size,  some  rounded,  but  most  rather  angular,  of  a  ratiier 
decomposed  rhyolitic  rock,  doubtless  that  of  the  Wrekin.  One  frag- 
ment still  exhibits  perlitio  structure.  There  is  but  little  cementing 
material,  and  this  appears  to  be  quartz.  The  quartz-grains  are 
pretty  full  of  very  minute  enclosures,  and  bear  a  strong  resemblance 
to  those  of  the  granitoid  rock  described  above. 

There  is  a  point  of  general  interest  in  this  rock  worth  noting, 
namely,  that  the  quartz  "  cement,"  which  is  obyiously  of  secondary 
formation,  is  often  deposited  so  as  to  form  one  crystal  with  ^lat  in  a 
grain  (proved,  of  course,  by  their  giving  the  same  tint  with  crossing 
Nicols).  The  boundary  of  the  grain,  however,  is  clearly  shown  by 
the  cessation  of  enclosures,  from  which  this  secondaiy  quartz  is 
remarkably  free. 

The  second  specimen  is  from  "  section  S.E.  of  Charlton  Hill."  It 
consists  of  similar  quartz  in  smaller  grains,  and  finer  fragments 
(often  almost  triturated  and  acting  as  cement)  of  a  rock  which 
appears  to  be  rhyolite.  The  third  specimen,  "  W.  of  Eushton,  N.W. 
of  Wrekin,"  is  rather  coarser  than  this  ;  of  the  presence  of  the  rhyo- 
litic rock  here,  though  in  smaller  grains  than  in  the  first,  there  can 
bono  doubt:  someof  the  quartz  is  very  full  of  enclosures.  Magnified 
about  70  diameters,  they  appear  as  dusky  specks,  about  200 ;  some 
remain  opaque,  but  most  prove  to  be  cavities  of  variable  form,  in  the 
larger  of  which  I  sometimes  detect  very  minute  bubbles,  but  cannot 
distinguish  any  in  the  smaller.  Some  of  the  grains  themselves 
exhibit  a  compound  structure,  as  if  derived  from  an  older  quait- 
zite. 

(1)  East  Fidd,  near  Burcoi, — ^A  glassy-looking  rock,  with  wavy 
irregular  lines  of  opacite  and  ferrite,  indicating  a  fluidal  structure, 
and  occasional  well-preserved  felspar  crystals,  with  rather  broken 
edges.  Both  orthodase  and  plagiodase  can  be  recognized;  wi& 
crossed  Nicols  a  minute  cryptocrystalline  structure  is  visible,  a  con- 
siderable part  of  the  slide  being  dark.  The  basis  has  onoe  been 
glassy,  and,  so  far  as  can  be  ascertained,  a  portion  yet  remains 
undevitrified.  The  rock  appears  to  an  old  rhyolite  of  the  Wrekin 
type. 

(2)  Burcoi^  Wrockwardine. — The  microscopic  structure  of  this 
rode  comes  rather  near  to  that  of  no.  5,  and  it  is  not  without  hesita- 
tion that  I  place  this  among  the  sedimentary.  The  mineral  compo- 
sition, however,  is,  I  expect,  not  very  difRurent.  Parts  of  it  with 
crossed  Nicols  show  a  very  similar  structure;  but  the  aspect  of  this 
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is  more  distinctly  fragmental,  and  the  bands  of  ferrite  and  opaoite, 
with  which  occasionally  occur  slightly  larger  fragments  of  felspar  and 
quartz,  give  the  rock,  as  in  the  hand  specimen,  the  appearance  of 
one  banded  by  deposition  rather  than  by  flow.  It  might  be  formed 
of  the  finest  dust  of  such  volcanoes  as  produced  the  Wrekin  rhyolites, 
or  by  the  denudation  of  such  rocks. 

(3)  Charlton  HUL — This  rock  consists  of  well-rounded  fragments 
in  a  matrix  which  resembles  a  mixture  of  decomposed  felspar  and 
chlorite.  Among  the  fragments  I  recognize  the  following  yarie- 
ties : — (a)  a  fragment  of  very  typical  granitoidite  with  character- 
istic quartz,  finely  banded  plagioolase,  and  a  mica  (?  paragonite) ; 
also  one  or  two  smaller  fragments,  possibly  of  the  same  rock ;  (6)  a 
rook  apparently  consisting  of  decomposed  felspar  and  chlorite^  in 
general  appearance  rather  like  diabase,  probably  a  schist;  (c)  a 
rather  schistose  fragmental  rock,  consisting  of  quarts,  chlorite,  and 
decomposed  felspar;  {d)  a  rock  having  a  fine  granular  ground-massi 
with  some  viridite  pseudomorphs,  some  nests  of  quartz,  with  viridite 
and  (?)  epidote,  origin  doubtful,  but  probably  clastic;  (e)  a  quartzite; 
(/)  a  quartzose  rock,  consisting  of  long  angular  quartz  fragments  in  a 
rather  fibrous  fin&-graiued  matrix,  containing  probably  a  little  of  a 
ohloiitic  mineraL 

(4)  Caradoc, — ^This  rock  is  undoubtedly  clastic,  though  at  first 
sight  it  resembles,  to  the  eye,  a  fine-grained  granite.  The  fragments 
are  more  or  less  rounded  and  about  equal  in  size ;  they  compose  the 
greater  part  of  the  rock,  the  interstices  being  occupied  with  a  finely 
granular  rather  earthy-looking  matrix.  Quartz  predominates 
among  the  fragments ;  it  contains  the  dusky-looHng  enclosures,  which 
show  an  approach  to  a  linear  arrangement  rather  characteristic  of  the 
older  rocks  both  here  and  in  Wales ;  there  is  a  fair  amount  of  felspar, 
much  of  it  orthodase,  showing  sometimes  a  cross-hatched  structure 
(?  a  little  miorodine),  and  some  plagioolase.  Some  of  the  felspar  is 
very  full  of  enclosures ;  we  find  also  fragments  of  a  brown  glassy- 
looking  rock,  some  of  which  show  fiuidal  or  spherulitio  structure, 
and  closely  resemble  the  Wrekin  rhyolite.  There  is  a  good  deal  of 
scattered  ferrite  and  opacite,  with  microliths  of  chlcnite,  epidote, 
and  apatite  (?)«  The  appearance  of  the  slide  induces  me  to  believe 
that  its  material  has  been  derived  from  the  rhyolitic  and  granitoid 
Wrekin  rocks. 

(6)  Hope  Bawdier, — A  base,  apparently  glassy,  but  rendered 
almost  opaque  by  ferrite  staining,  and  crowded  with  adcular  felspar 
microliths.  Several  larger  crystals  of  felspar  are  scattered  about 
the  slide,  both  plagioolase  and  orthoclase being,  as  usual,  recognizable; 
they  are  very  full  of  microlithic  products,  ferrite,  minute  enclosures 
of  dark  glass  (?),  &c.,  also  a  few  grains  of  a  greenish  mineral,  pro- 
bably decomposed  augite  or  hornblende.  One  crystal  shows  the 
characteristic  cross  section  of  the  former;  needles  of  apatite  are 
sometimes  associated  with  these.  There  are,  as  usual,  larger  grains 
of  iron  peroxide.  The  slide  exhibits  numerous  darker  patches  with 
well-defined  rounded  outline ;  these  seem  to  correspond  in  all  respects 
with  the  rest  of  the  slide,  except  that  they  are  coloured  by  a  black, 
instead  of  a  brownish  peroxide  of  iron. 
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(6)  WbodgaU  quarry. — Boiled  and  subangolarfragmeiits  of  quartZv 
decomposed  felspar,  grit,  and  rhjrolite  or  mudstone.  There  is  also 
a  large  qoantity  of  a  streakj  cKloritio  mineral,  and  manj  of  the 
fragments  appear  to  be  stained  with  ferrite.  Parts  of  the  ^de  pre- 
sent some  resemblance  to  organic  stmctnre,  such  as  sponge-spici^; 
but,  after  repeated  examination,  I  believe  that  they  are  rhyolitie 
fragments  with  crystallites  of  the  form  mentioned  above  (p.  663). 

(7)  S.  W.  slope  of  Hagleth, — ^This  rock,  which,  macroscofdcally, 
appears  to  be  a  compact  yellowish-^ey  mudstone  with  a  few  lighter 
spots,  exhibits  under  the  microscope  a  minute  confusedly  granular 
structure,  being  apparently  composed  of  fine  felspathic  mud,  stained 
with  ferrite,  in  patches  more  or  less  irregular  and  containing  a  £ur 
amount  of  opacite.  Some  rather  aciculcu:  doubly  refracting  micro- 
Hths  may  be  of  secondary  origin,  as  are  the  felspai^c  (?)  infiltrations 
of  a  crack.  There  is  nothing  characteristic  about  the  rock,  which 
might  be  of  any  age  from  Silurian  downwards. 

(8)  E,  of  Garwood — This  rock  is  a  good  deal  decomposed ;  itappears 
to  have  undergone  some  brecciation  in  siiu^  and  to  have  be^  re- 
cemented,  quartz  and  epidote  occurring  in  the  cracks.  It  might  be  a 
decomposed  rhyolite  with  a  faintly  marked  flow-structure,  or  it 
might  be  an  altered  mudstone,  the  detritus  of  a  rhyolite.  I  hesita- 
tingly incline  to  the  former  identification. 

(9)  N.E.  of  Hanter  Hill. — ^The  specimen  consists  of  quartz, 
felspar,  a  little  of  a  chloritic  mineral  (probably  replacing  hornblende 
or  biotite),  and  ferrito.  The  quartz  is  fall  of  minute  enclosures, 
which  give  it,  in  parts,  a  dirty  aspect.  These,  on  applying  a  hi^ 
power,  appear  opaque,  being  probably  earthy  or  ferruginous  ;  others, 
however,  are  transparent, — ^whether  cavities  or  microlitiis  of  some 
mineral  I  cannot  with  certainty  determine ;  some  show  a  very  mi- 
nute black  speck,  as  if  they  were  nearly  full  of  a  fluid.  The  felspar 
is  much  decomposed ;  probably  it  is  chiefly  orthodase,  but  the 
characteristic  banding  of  plagiodase  is  also  visible.  Tho  rock  is 
evidently  of  fragmental  origin,  one  part  of  the  slide  showing  many 
small  grains  and  rather  a  different  structure  from  the  rest ;  but  it  has 
been  a  good  deal  altered,  and  in  general  aspect  recalls  specimens  of 
the  granitoid  Dimetian  rocks  which  I  have  examined. 

West  Fields  Burcot, — A  rhyolitic  agglomerate,  apparently  wholly 
composed  of  volcanic  material.  Some  of  the  larger  fragments  exhibit 
diflerent  varieties  of  fluidal  structure,  and  one  shows  excellent  per- 
litic  stracture. 

lAUeshalL — ^Two  specimens,  collected  by  myself  about  two  years 
since,  have  been  examined ;  one  (from  the  top  crag  on  the  S.  flank 
of  the  ridge)  is  a  rhyolitic  agglomerate,  like,  but  rather  more  de- 
composed than,  those  at  the  Wrekin  described  by  Mr.  Allport*. 
The  other  is  a  rhyolite  (devitrified)  with  rather  obscure  indications 
of  spherulitic  structure.  It  occurs  just  S.  of  the  monument,  and  \b 
probably  part  of  a  small  coulie }  but  its  relations  to  the  other  rocks 
are  not  very  clear. 

As  tho  result  of  tho  investigations  above  described,  I  should  oon- 
♦  Quart.  Jouni.  Geo!.  Soc.  vol.  xxxiii.  p.  458. 
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olude,  from  microscopic  evidence  alone,  irrespectiTe  of  that  obtained 
in  the  field,  that  the  gpranitoid  series  was  much  older  than  the  other 
rocks,  and  that  materials  from  it,  together  with  fragments  from  the 
rhyolitic  series,  had  been  worked  np  into  several  of  the  later  clastic 
rocks.  It  is  remarkable  that  we  find  here  in  Salop,  as  in  Caemavon- 
shire,  a  metamorphic  group  and  a  felsitic  group  (with  considerable 
similarity  in  each  case)  in  apparent  sequence,  yet  with  marked 
difference  in  age.  Some  of  the  Primrose-Hill  specimens  also  rather 
resemble  certain  other  rocks  recently  described  by  Dr.  Hicks,  more 
especially  from  St  Davids*,  and  by  him  grouped  with  the  Welsh 
quartx-felsites  under  the  name  Arvonian. 


DlSCT78SION. 

Dr.  HioKs  spoke  of  the  extreme  interest  of  the  paper,  and  the 
confirmation  it  furnished  of  the  views  he  had  already  expressed. 
He  thought  that  probably  at  least  three  groups  would  be  found  in  this 
region  dso.  It  was  also  interesting  as  showing  that  the  granitoid 
series  had  a  different  strike  to  that  overlying  it. 

Prof.  HvoHBs  wished  to  ask  if  the  stratigraphical  relations  of  the 
riiyolite  and  the  granitoid  rock  had  been  observed  in  the  field,  or 
were  only  inferred  from  microscopic  examination ;  and  whether  the 
discordant  strike  had  been  observed  on  the  same  side  of  the  fSault. 

Prof.  BoNNBT  said  the  rhyolite  was  clearly  intrusive  in  the  grani- 
toid series ;  and  mentioned  some  points  of  interest  connected  with 
the  microscopic  examination  of  the  rocks,  which  he  had  described  in 
an  appendix  to  Dr.  Callaway's  paper. 

Dr.  Callaway  said  that  he  had  only  been  able  at  two  or  three 
places  to  see  the  granitoid  and  rhyolitic  rocks  in  contact,  and  in  all 
cases  they  seemed  to  be  separated  by  faults ;  but  there  could  be  no 
doubt  that  the  granitoid  was  the  older.  He  had  not  at  present 
been  able  to  recognize  more  than  two  series. 

*  Quart  Journ.  Geol.  See.  toL  hzt.  p.  286. 
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49.  On  a  Mamm alifbboub  Dbposit  at  BABBiKeTOK,  near  CAXBiioeB. 
By  Bev.  0.  Fisher,  M.A.,  F.6A    (Bead  June  11,  1879.) 

DrmiHe  the  latter  part  of  the  summer  of  1878  I  heard  from  Mr. 
Ghrifith,  of  Christ's  CoUege,  Cambridge,  that  large  bones  were  being 
met  with  in  a  '^  coprolite-pit  ^  at  Baxrington,  on  land  belonging  to 
Trinity  College.  Accompanying  him  there,  we  found  the  workmen 
had  reserved  for  him  fragments  of  three  canines  of  a  Hippopotamus, 
with  some  of  the  molars,  a  tooth  of  Ehinoceros,  and  other  specimens. 
Further  discoveries  were  made ;  and  in  September,  when  the  work 
had  been  discontinued  for  harvest,  I  went  there  with  two  friends, 
and,  armed  wiUi  no  tool  better  than  a  knife,  obtained  an  excellent 
specimen  of  an  incisor  of  the  Hippopotamus.  Upon  tiiis  I  advised 
Mr.  Keeping,  of  the  Woodwardian  Museum,  to  get  permission  to 
commence  a  regular  search  for  fossils,  which,  term  not  having  com- 
menced, and  tl^  Professor  being  in  the  country,  he  took  upon  him- 
self the  responsibility  of  doing,  and  through  the  kindness  of  Messrs. 
Smith  and  Badcock,  the  lessees  of  the  coproUte-works,  began  a 
systematic  exploration  of  the  deposit.  This  was  carried  on  after  the 
Professor's  return  under  his  auUiority,  and  has  heeaa.  rewarded  with 
great  success. 

The  locality  is  easily  recognized  upon  the  Ordnance  Map  as  being 
just  south  of  where  the  final  n  in  the  word  Bamngton  is  printed.  It 
is  on  the  edge  of  a  nearly  level  tract  of  ground  at  the  foot  of  the  hill 
between  HasUngfield  and  Barrington,  at  an  devation  of  about  20 
feet  above  the  alluvial  ground  of  the  present  sti'eam  of  the  Bhee. 
This  tract  of  ground  does  not,  however,  form  quite  a  flat  terrace, 
but  falls  again  very  gradually  northward  towards  the  small  stretunlet, 
which,  lower  down,  is  crossed  by  the  road  near  the  church.  The 
streamlet  is  not  marked  in  the  Ordnance  Map,  which  wrongly  rqpfre- 
sents  the  slope  of  the  hill  as  extending  to  ike  lane  which  leads  to 
the  pit.  The  pit  is  nearly  on  the  highest  part  of  this  tract ;  and 
consequently  the  bone-bearing  deposit  does  not  belong  to  tiie  existing 
drainage-system,  but,  though  at  only  a  small  altitude,  may  be  still 
considered  a  high-level  gravel. 

The  exposed  section  at  present  extends  from  north  to  south  about 
70  yards.  The  "  coprolites  '*  have  been  obtained  in  the  deepest  part 
at  22  feet.  The  section  presents  a  superficial  covering  of  soil  and 
fine  gravelly  ^^  trail,"  which,  in  the  southern  half,  rests  immediatdy 
on  disinte^ated  chalk-marl;  but  towards  the  centre  of  the  pit  a 
thin  bed  of  coarse  gravelly  silt  with  large  pebbles  comes  in  (see  fig., 
p.  671),  dipping  slightly  towards  the  north,  and  when  it  has  de- 
scended to  about  8  feet  from  the  surface  it  rather  suddenly  expands 
dovmwards,  forming  a  mass  of  grey  gravelly  silt,  with  many  large 
stones  towards  the  bottom,  some  of  which  may  weigh  from  twelve 
to  sixteen  pounds.  Above  the  stony  bed  the  material  is  without 
large  pebbles,  otherwise  of  a  similar  character.    Throughout  these 
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silty  gravels  bones  and  sheila  oceor.  Mr.  Keeping  carried  his  work 
a  few  feet  further  north  beyond  where  the  "  coproHte-bed  "  runs  out, 
and  the  base  of  the  silt  has  there  begun  to  rise. 


Diagram  of  the  northern  end  of  Barrington  Pit, 


a.  Trail  of  fine  gravel  in  which  are  pits  with  ashee  and  bonee. 

b,  Grej  grayeUj  ailt  with  bones  and  shells.  c,  Chalk-marL 

d,  G-reensand  with  "  ooprolites  "  (t.  e.  phoephatic  nodules). 

e,  Gault 

There  is  another  smaller  coprolite-pit,  not  yet  quite  filled  up,  lying 
a  few  yards  to  the  south-west  of  the  present  one.  It  exhibits  a 
little  similar  stony  and  gravelly  silt,  but  in  patches  only,  and  not 
in  situ  as  deposited,  but  forming  pockets  of  ^^  trail ''  wiUi  festoon* 
like  arrangement  and  the  axes  of  the  pebbles  not  horizontal.  Those 
remnants  still  existing  in  the  '^ trail"  in  this  southern  pit,  as  well 
as  the  manner  in  whidi  the  deposit  occurs  in  the  first  pit,  show  that 
the  gravel  is  a  portion  of  a  more  extended  mass,  of  which  the  upper 
parts  have  been  denuded  away. 

[Si^ce  this  paper  was  read  a  similar  deposit,  equally  rich  in  bones, 
was  laid  open  for  a  short  time  half  a  mile  further  up  the  valley, 
opposite  to  the  blacksmith's  shop  on  the  Green.] 

The  materials  of  which  the  bone-bearing  deposit  consists  are 
peculiar.  The  matrix  is  a  grey  sand  with  a  slight  admixture  of 
day.  The  pebbles  consist  of  flint  in  subangular  pieces  of  no  great 
size,  sometimes  ochreous,  sometimes  grey,  sometimes  black.  These 
are  not  rounded,  but  have  their  surfaces  worn,  polished,  and  the 
angles  rubbed  o£F.  There  are  rolled  lumps  of  chalk-marl  and  a  con- 
siderable admixture  of  ^  coprolites,"  as  migbit  be  expected,  seeing 
that  the  coprolite-bed  is  abraded  by  the  deposit  itself.  The  remaining 
pebbles  are  well-rounded  pieces  of  ciystalline  rocks,  consisting  of 
quartz,  quartzite,  syenite,  jasper,  and  trap.  These  old  rocks  con- 
tribute a  large  part  of  the  pebbles,  so  that  the  material  cannot  be 
called  a  flint-gravel,  in  that  it  appears  to  consist  of  the  least 
destructible  parts  of  the  Boulder-clay,  mixed  with  materials  from 
the  Chalk-Marl  and  Greensand. 

There  are  splinters  of  bone  worn  smooth  at  their  fractured  edges ; 
but  most  of  the  bones  and  teeth  are  scarcely  abraded  at  aU,  though 
not  often  associated.  There  seems,  however,  to  be  reason  to  think 
that  portions  of  the  same  individuals  have  also  occurred  in  proximity, 
although  mixed  up  with  fragments  of  others.    Thus  one  might  find, 
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one  after  anotiier,  bones  of  a  Boi^  but  among  them  a  tooth  of  Hycsna 
or  tusk  of  Bippopotamtu.  In  some  instances  it  is  dear  that  the 
ligaments  had  not  decayed  when  the  limbs  subsided.  Thus  my  son 
exhumed  an  endro  set  of  associated  bones  of  a  hind  limb  of  Ba 
primigenius. 

What  we  have  here,  then,  appears  to  have  been  a  deposit  in  a  deep 
hole  of  a  stream,  where  it  swept  round  against  the  south  side  of  the 
hilL  This  stream  was  probably  no  other  than  the  present  one  cdkd 
the  Ehee,  and  drained  the  same  district  then  as  now.  This  distzict 
is  occupied  by  the  Lower  Chalk,  the  Gault,  and  the  Boulder- day; 
it  contains  none  of  the  Upper  Chalk  within  its  area,  nor  any  obserred 
beds  of  flint-gravel.  Accordingly  we  And  the  materials  of  Uie  deposit 
to  be  such  only  as  those  rocks  would  supply,  consisting  as  it  does 
almost  entirely  of  the  d^ris  of  the  Boulder-day.  That  it  is  newer 
than  the  Boulder-clay  is  also  shown  by  its  lying  beneath  a  hill  whidi 
is  capped  by  a  thin  tabular  bed  of  that  day.  There  appear  to  be 
very  few  remnants  of  the  Oolitic  rocks  among  the  pebbles,  exc^ 
a  few  fragments  of  Oryphasa,  The  pebbles  are,  for  the  moat  part, 
not  at  all  decomposed,  as  those  are  which  one  now  pidu  up  in  the 
neighbouring  ploughed  Adds,  and  the  glacial  soratdies  are  wdl 
preserved.  This  would  lead  to  the  inference  that  the  river  flowed 
between  rather  deep  banks  of  Boulder-day,  abrading  much  at  a 
depth  beyond  the  reach  of  atmospheric  influences. 

Some  peculiar  circumstances  must  have  caused  so  condderable  an 
aooumulation  of  bones.  Probably  the  carcasses,  inflated  with  the 
gases  of  decomposition,  were  detained  here  and  Uiere  in  the  stream 
by  quiet  eddies,  such  as  usually  occupy  deep  holes  in  the  dbowa  of 
a  stream  when  the  water  is  not  in  flood.  The  prevalent  soutii- 
westerly  winds  would  also  assist  in  detaining  any  floating  body  in 
such  situations*. 

Taking  departure  from  the  pit,  and  crossing  the  valley  fr^xm  north 
to  south,  towards  Foxton  railway-station,  the  levels  give : — 

yvds 

From  mammalian  deposit  to  hedge,  lerel 77 

From  hedffe  to  northern  branch  of  stream,  deaoent  of  20  feet    ...  100 

From  nortnem  branch  of  stream  to  middle  do.,  IctcI  120 

fVom  middle  stream  to  southern  do.,  lerel    134 

From  southern  do.  to  a  point  about  halfway  between  the  angle  of 
the  road  and  Foxton  station,  rise  of  20  feet  290 

651 

At  this  point  we  are  again  upon  the  levd  of  the  mammalian 
deposit.  There  are  at  the  present  time  two  sections  open  in  tiiis 
interval  where  coprolites  have  been  dug.  One  is  in  the  levd  aUvrid 
ground  just  south  of  the  middle  stream.    Here  a  low-levd  fine  i 


*  There  is  a  remarkable  deposit  of  bones  beneath  the  row  of  booses  callsd 
"The  Terrace"  at  Walton-on-the-Nase,  in  Essex.  At  this  place  the  sea  Is 
enoroachinff  on  what  was  probably  the  eastern  comer  of  a  sheet  of  watar 
occupying  Uie  same  general  position  that  "  Walton  Greek "  now  holds.    Tbs 

'    ir  s  < 


writers  opinion  is,  that  the  accumulation  of  carcasses  at  this 

by  the  south-west  winds  blowing  nearly  every  thing  that  floateff  on  the 

portion  of  tbis  sheet  of  water  to  this  piartioiilar  part  of  its  shore. 
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g^ravel  is  seen,  well  washed,  with  many  small  bean-shaped  caloareous 

I>ebble8  wholly  soluble  in  acid.    No  shells  were  seen  in  it.    The 

other  section  is  given  by  a  ooproHte-pit  in  work,  north  of  the  comer 

of  the  road,  not  qnite  on  so  high  a  level  as  the  Barrington  pit,  where 

there  are  shallow  pocket-like  patches  of  a  fine  flint-gravel ;  bat  they 

have  not  the  appearance  of  a  river-gravel,  but  rather  of  a  trail  or 

denudation  graveL    Towards  the  station,  however,  the  surface  of 

the  ploughed  ground  gives  indications  of  a  subsoil  of  flinty  gravel, 

and  there  have  been  extensive  pits  of  flint-gravel  on  the  norUi  side 

of  the  railway  between  Foxton  and  Shepreth  stations.    These  pits 

are  not  far  from  on  a  level  with  the  Barrington  deposit,  certainly 

not  lower.    We  find,  then,  that  the  terrace-gravel  of  the  same,  or 

nearly  the  same,  level  on  the  south  side  of  the  alluvium  of  the  pre* 

sent  rivercourse  consists  of  quite  difierent  materials  from  that  xmder 

consideration  on  the  north.    The  cause  may  probably  be  that  the 

former  occupy  a  line  of  drainage  from  the  south,  as  may  be  seen  by 

a  small  stream  crossed  by  the  railway  between  Foxton  and  Shepreth, 

in  which  direction  lies  ihe  chalk  escarpment,  with  its  beds  of  flint 

and  of  capping  flint-gravels.   Whether  these  Foxton  gravel-beds  are 

of  the  same  age  as  the  Barrington  deposit  is  a  point  on  which  I  have 

no  other  evidence  to  offer;  but  the  circumstance  referred  to  may 

seem  to  remove  any  difficulty  arising  from  their  different  composition. 

I  have  from  these  Foxton  gravels  what  I  believe  to  be  a  portion  of 

a  flint  implement  of  the  rudest  type,  similar  to  one  which  I  have 

from  Brandon  Hill,  given  me  by  Dr.  J.  Evans,  and  to  a  portion  of 

another  which  I  found  myself  in  a  railway-cutting  at  BroomhiU, 

near  Brandon. 

The  shells  which  have  been  found  at  Barrington  do  not  render 
much  assistance  towards  fixing  the  age  of  the  deposit.  Though 
abundant  enough,  the  species  are  few,  and  the  number  of  stricUy 
aquatic  shells  remarkably  limited.  By  far  the  most  abundant  kind 
is  Heliv  fasciolata  (or  caperata) ;  Helix  virgata  is  also  common ; 
Helix  nemoralis  also  occurs,  but  is  rare.  The  aquatic  species  are 
Sueeinea  (?)  oUonga^  Limncea  jpalustris  (one  specimen),  and  Pisidium 
atnnicum.  This  is  a  meagre  list.  No  specimens  or  fragments  of 
Unio  or  Cyrena  have  been  met  with. 
The  Mammalia  hitherto  discovered  at  Barrington  are : — 


1.  Homo,  probably  (by  a  worked 

flint). 

2.  Ursus  speljBus. 

3.  Meles  tazoB. 

4.  Hysna  speUea. 
6.  Felis  tpeW. 

6.  Cerrus  megaoerot. 
7. elaphuB. 


8.  CerYU8(?  species). 

9.  Bos  primigenias. 

10.  Bison  priscus. 

11.  Hippopotamus  major. 

12.  Rhinoceros  leptorninui 
18.  Elepbas  antiquus. 

14.  Elepbas  primigenius. 


Catalogue  of  Bbmains  of  above. 


52.)  1  canine,  1  portion  of  humerus,  1  metatarsus. 
3.}  1  uba. 
(4.)  1  skull  and  part  of  mandible,  1  detached  tooth,  1  vertebra,  1  scapula,  1  rib, 


2  metatarsals. 
(6.)  1  portion  of  radius, 
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(8.)1 


8 


6  portion*  of  antlen,  1  fragment  of  mandibie. 

'  DTOw-aatler,  1  base  and  burr,  1  tibuu 
astragalus  and  broken  end  of  tibia,  probably  of  a  joiing  imimal.    It  a 
larger  than  Boebodr,  but  moob  smaller  than  Bed  I)eer. 
(9.)  1  fra^Doent  of  skull,  which  fell  to  pieces,  1  bom-core  preoenred  (S  fost  long 
<m  the  outer  ourre,  and  1  foot  5  inches  round  tAe  base),  S3  werUksrm, 

1  fragment  of  pelyis,  1  fra^iment  of  femur,  10  tibis,  9  caloaaea,  10 
astragali,  1  complete  bind  limb^  5  metatarsals,  4  portions  of  soapnls; 
9  fragmentary  or  complete  humeri,  1  radius  and  ulna  attaehed,  10  poi^ 
tions  of  radii,  4  ulnae  (olecranon  portions),  9  metacarpals  (bekinging  to 
two  or  three  species  of  Bob),  26  detacdied  bones  of  feet. 

(10.)  4  horn-cores.  (Probably  some  of  the  bones  in  the  last  list  may  bsloBg 
to  Bison.) 

(11.)  At  least  two  indiriduals ;  one  probably  entire.  1  skull  (fragments  €i\ 
4  pieces  of  jaws,  16  molars  and  a  few  fragments,  10  canines  (or  pieces  of), 
9  moisofs  (or  pieces  of),  24  yertebrsB,  sereral  caudal  belonging  to  a  sems^ 

2  pelree  (porticms  oQ,  2  kneecaps,  4  femora  (portions  of),  2  tibiae,  2  eal- 
canea,  1  astragalus,  4  numeri  (or  portions  of),  2  radius  and  ulna,  8  detached 
bones  of  feet 

(12.)  Probably  fire  indiriduals.    19  molar  teeth  and  some  fragments,  1  baek  of 
skull,  d  Tcrtebne,  1  fragment  of  finnur,  1  kneecap,  1  tibia,  6  porticBa  of 
homerus,  6  radii,  3  uhue,  13  detached  bones  of  feet. 
3.)  4  molars  of  two  individuals. 

14.)  1  portion  of  a  molar  was  found,  whidi  the  author  saw,  and  beliered  feo 
haTC  belonged  to  E.  primigeniua.    It  fell  to  pieces. 

There  are  likewise  a  few  bones  of  birds  hitherto  ondetennined. 
There  is  no  riyer-deposit  mentioned  in  Prof.  Dawkins's  paper  ob 
British  Postglacial  mammals*,  which  is  credited  with  so  large  a 
number  of  species,  except  Fisherton,  where  the  number  is  likewke 
fourteen.     The  assemblage,  howeyer,  is  not  the  same. 

The  specimens  hare  been  compared  at  the  University  Museum  of 
Comparatiye  Anatomy,  and  determined  by  Mr.  Tawney,  who  has 
labelled  and  catalogued  the  whole  of  them.  There  is  a  fine  skull  of 
Hyasna^  which  would  haye  been  perfect  had  it  not  been  broken  off 
by  the  pickaxe  just  behind  the  canines ;  it  belonged  to  an  adult, 
but  not  aged,  indiyidual.  A  magnificent  pair  of  horn-cores  of  the 
Bob  pritnigemus  were  found,  with  the  forehead  attached ;  but  unfor- 
tunfd^y  the  horn-cores  were  so  decayed  and  permeated  with  mud 
that  onij  one  of  them  could  be  sayed.  The  most  remarkable  fact 
obseryed  was  the  abundance  of  the  bones  and  teeth  of  the  Htppo^ 
jf>otamus,  also  abundant  at  the  ^*  Green."  Some  yery  fine  spedmoia 
of  the  tusks  have  been,  with  much  labour,  built  up  out  of  the  yery 
numerous  fragments  into  which  they  fell  when  removed.  Four  teeth 
of  hiUphas  antiqutis  had  been  previously  obtained  in  another  pit  in 
the  same  field,  at  a  short  distance  up  the  course  of  the  old  stream, 
and  were  presented  to  the  Museum  by  Mr.  F.  W.  Smith.  Mr.  Qiiffith 
also  gave  his  specimens.  I  saw  only  one  tooth  of  Elephant  in  our 
working ;  it  was  so  decayed  that  it  could  not  be  brought  home.  I 
believe  it  belonged  to  E,  primigenius.  Had  I  known  at  the  time  that 
the  other  specimens  belonged  to  E,  antiquum  I  should  have  examined 
it  more  closely. 

Only  one  worked  flint  was  found.  It  is  of  an  oval  form,  extremely 
small,  being  about  an  inch  and  a  half  long  by  an  inch  wide.  It  is 
*  Quart.  Joum.  CJeoL  8oc.  toI.  xxt.  p.  192. 
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thick  for  its  size.  Mr.  Keeping  picked  it  ap  out  of  the  debris,  but 
did  not  notice  haying  dug  it  out.  I  have  myself  little  doubt  about 
its  belonging  to  the  deposit.  It  is  of  a  bladosh  hue,  polished,  with 
white  porcellanous  mottling,  and  has  specks  of  botryoidal  limestone 
adhering  to  it ;  all  which  characters  mark  many  of  the  flint  frag- 
ments in  the  silt. 

The  area  excavated  for  the  laige  collection  was  about  14  yarda 
from  north  to  south,  by  about  6  yards  from  east  to  west. 

If  we  compare  the  above  list  of  Mammalia  with  that  given  by 
Mr.  Jukes-Browne*  for  Barnwell,  we  find  the  following  species 
common  to  Barrington  and  Barnwell : — 


Homo  (by  Mr.  OrilBth's  **  hache  "Tt. 
Unns  Bpelieas. 
Felia  spekea. 
CerTUB  megaoeroa. 
Bos  primigenius. 


Hippopotamus  m^or. 
Rhinoceros  leptorbiniis  {. 
Elephas  antiquus. 
primigenius  (?). 


At  Barnwell,  but  absent  from  Barrington,  Equus  fasnlis. 

It  is  observable  that  a  small  undetermined  Oervus  is  mentioned 
also  at  Barnwell. 

It  will  be  seen,  then,  that  the  Mammalia  belong  to  the  same  group 
at  these  two  localities.  Wo  have,  however,  at  Barrington  neither  of 
the  distinctive  shells  Cyrena  Jtuminalis  and  Unio  litoralis.  The 
absence  of  either,  or  both,  of  these  might  be  accidental ;  for  it  is 
only  in  places,  even  at  Barnwell,  that  they  are  found ;  but  I  think 
the  greater  distance  from  the  sea  would  be  sufficient  to  account  for 
the  absence  of  the  Cyrena.  On  the  evidence  I  am  disposed  to  cor- 
relate this  deposit  with  that  of  Barnwell. 

Let  us  compare  the  conclusions  which  have  been  drawn  from  an 
examination  of  this  deposit  with  those  arrived  at  by  Mr.  A.  J.  Jukes- 
Browne  respecting  the  age  of  the  valley  of  the  Rhee,  which  he 
thinks  of  a  later  age  than  any  of  the  other  tributary  valleys  of  the 
Cam.  If  I  understand  him  rightly,  he  considers  the  gravel  at 
Barnwell,  which  is  about  seven  miles  below  Barrington,  to  be  the 
oldest  "terrace "-gravel  in  the  district;  for  he  does  not  apply  that 
term  to  the  still  older  "Observatory"  gravel.  And  he  thinks  it 
"possible"  (p.  68)  that  the  gravels  about  Foulmire  and  Foxton 
were  deposited  about  the  same  time  as  those  about  Barnwell  and 
Trumpington ;  but  he  says  that,  "  on  the  whole,  it  seems  likely 
that  they  belong  to  a  somewhat  later  period." 

As  to  the  age  of  the  Foxton  and  Foulmire  gravels,  if  the  two  are 
to  be  regarded  as  contemporary  (upon  which  point  I  have  no  opinion 
to  offer),  the  argument  from  equaUty  of  level  is  rather  in  favour  of 
^e  Foxton  gravel  being  of  the  same  age  as  that  of  Barrington.  But 
the  deposit  at  Barrington  is,  in  my  opinion,  due  to  the  ancient  Ehee, 
and  it  contains  a  mammalian  fauna  similar  to  that  of  Barnwell, 
certainly  an  ancient  one;  and  consequently  the  Ehee  must  still 
occupy  a  very  ancient  line  of  drainage.     The  absence  from  it  of 

•  *The  Post-tertiarv  Deposits  of  Cambridgeshire,'  1876,  p.  64. 
t  Qeol.  Mag.  dec.  ii.  toI.  t.  p.  400 ;  figured  in  Camb.  Ant  Soc  vol  iv.  p.  177, 
pi.  A. 

t  The  Barnwell  speoimeDs  in  the  Museum  properly  belong  to  this  species. 
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dedded  flint  grayela,  which  are  so  oonspicaoiiB  in  the  other  tzibataij 
TaUeys,  may  be  probably  accounted  for,  as  I  have  said,  by  the 
paucity  of  materials  ont  of  which  such  gravels  oonld  be  formed ;  so 
that  I  doubt  whether,  from  that  circumstance,  any  conclusion  can 
be  drawn  that  this  valley  is  more  modem  than  the  others. 

The  measurements  referred  to  in  the  table  of  leveb  show  three 
different  levels,  of  which  records  still  remain,  at  which  tiie  Bhee  has 
run.  Starting  from  the  present  stream,  we  find  the  next  older  level 
to  have  been  lower  than  the  present  one;  it  is  marked  by  the 
lowest-level  fine  river-gravel  in  a  pit  sunk  through  the  present 
alluvium.  The  deposit  next  older  than  that  is  the  manvmalian 
gravel  of  Barrington.  There  may  have  been  d^Kwits  of  interme- 
diate age,  of  which  no  records  are  left,  unless  the  flint  gravel  of 
Foxton  be  such  an  intermediate  graveL 

If  we  go  lower  down  the  river  to  Cambridge  we  find  three  gravd- 
levels ;  the  highest  and  oldest  the  Barnwell  gravel,  the  next  lower 
the  Chesterton  gravel,  the  next  the  gravel  beneatii  Jesus  College 
and  Midsummer  Common,  which  I  recollect  being  formerly  largely 
extracted.    These  are  all  noted  in  Mr.  Griffith's  section*. 

Now  I  think  there  can  be  no  doubt  that  a  considerable  spread  of 
gravel  marks  a  stationary  level,  or  pause  in  the  eroding  action  of  a 
river  in  deepening  its  channel.  Gravel  is  deposited  when  the  river 
is  occupied  in  meandering  from  side  to  side  of  the  valley;  and 
whenever  an  elbow  of  the  stream  reaches  the  side  of  the  viJiey,  it 
undermines  it  and  widens  the  valley  at  that  point.  But  when  the 
valley  is  in  process  of  being  deepened,  the  river  confines  itself  more 
closely  to  its  course,  and  any  gravels  which  it  may  then  deposit  are 
rearranged  during  the  next  stationary  period.  To  what,  then,  are 
these  stationary  periods  due,  if  such  there  be  ?  It  seems  tiiat  they 
must  be  due  to  alterations  in  the  relative  level  of  sea  and  land. 
This  is  clearly  put  by  Prof.  Powell  in  his  Beport  on  the  Exploratioa 
of  the  Colorado  River,  p.  203 1.  He  says,  *'we  may  consider  the 
level  of  the  sea  to  be  a  grand  base-level,  below  which  dry  lands 
cannot  be  eroded ;  but  we  may  also  have  for  local  and  temporary 
purposes  other  base  levels  of  erosion,  which  are  the  levels  of  the 
beds  of  the  principal  streams  which  carry  away  the  products  of 
erosion." 

I  would  inquire,  then,  can  we  find  any  records  of  marine  base- 
levels  corresponding  to  these  river-terraces  ?  It  is  obvious  frtun  the 
silting  up  of  our  estuaries,  such  as  the  Fens,  and  the  clean  gravels 
to  be  found  below  the  bottoms  of  our  present  streams,  that  the 
present  sea-level  is  not  so  low  as  it  was  at  a  not  very  distant  period. 
Now  we  have  an  indication  of  such  a  former  lower  level  of  the  sea 
in  the  submarine  forests.  Thus  we  may  account  for  the  low  graves 
beneath  our  present  alluvium. 

The  high-level  gravels,  on  the  other  hand,  simply  intimate  that 

the  fall  of  the  stream  at  the  place  where  they  were  deposited  was 

not,  at  the  time,  too  great,  and  not  so  great  as  it  became  afterwards, 

when  they  were  cut  through.     The  former  condition  may  have  besB 

♦  Loc.  cit.  t  Published  at  WmifaingtoQ,  1875. 
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fulfilled  in  two  ways— (1)  the  coast  may  have  been  more  distant  at 
the  time  when  the  stream  ran  at  its  h^^her  level ;  (2)  the  sea  may 
haye  stood  at  a  higher  level  npon  the  present,  or  nearly  the  present^ 
coast.  Of  the  two  it  is  most  probable  that  the  condition  which 
allowed  of  the  deposition  of  the  terrace-gravels  was  the  former,  under 
which  a  lesser  gradient  may  have  coexisted  with  even  higher  land ; 
for  it  is  generally  believed  that  this  island  then  formed  part  of  the 
continent  of  Europe ;  and  the  Pleistocene  mammalian  remains  con- 
stantly dredged  off  our  east  coast  point  in  the  same  direction. 

But  not  only  must  the  sea-coast  have  been  further  off,  but  the 
land  must  have  been  also  higher,  not  merely  less  denuded  down, 
but  physically  lifted  up  in  relation  to  the  sea-level ;  or,  what  amounts 
to  ihe  same  thing,  the  sea  must  have  been  lower.  Otherwise  we 
cannot  account  for  deposits  on  the  sea-level,  and  even  below  high- 
water  mark,  such  as  occur  at  Clacton  and  at  Walton-on-tho-Nase, 
and  on  the  dredging-grounds  in  Essex — ^the  former  being,  according 
to  Prof.  Dawkins,  one  of  **•  the  first  terms  of  the  Postglacial  series,'' 
the  latter  having  nothing  to  separat'C  it  from  a  somewhat  early 
postglacial  deposit. 

If  this  supposition  is  correct  it  will  rather  militate  against  the 
opinion  of  Prof.  Seeley,  which  is  referred  to  by  Mr.  Jukes-Browne, 
that  the  marine  gravel  of  Mardi  is  of  the  age  of  the  Barnwell  gravels. 
The  coast  at  the  time  the  latter  were  deposited  ought  to  have  been 
more  distant  than  March  is. 

As  regards  the  climate  at  the  period  of  the  Barrington  deposit, 
the  occurrence  of  ElepJuu  antiquus  and  Hippopotamus  point  to  a 
somewhat  warm  climate.  The  Elephants  and  lUiinoceros  being  the 
same  as  at  Lexden,  in  Essex,  and  the  gravel  terrace  of  about  the 
same  altitude,  it  is  likely  the  gravels  are  of  the  same  age.  At  that 
]^ace  the  remains  of  beetles,  which  are  abundant,  have  been  attri- 
buted by  Mr.  WoUaston  to  a  warm  climate*,  probably  Mediter- 
ranean. The  Unto  and  Cyrena  of  Barnwell  have  a  like  significance ; 
and  Hdix  nenwralis  is  impatient  of  great  cold. 

We  learn,  then,  that  there  was  an  interval  since  the  Glacial  period 
(for  there  is  no  question  that  both  Barrington  and  Lexden  deposits 
are  Postglacial)  when  the  climate  of  tins  island  was  somewhat 
warmer  than  it  is  at  present.  There  are  indications  in  the  disap- 
pearance of  Elephat  antiqutu  and  Bhinoeeros  leptorhintu,  as  weU  as 
of  Cyrena  Jluminalig  and  Unio  Ittoralis^  that  it  became  afterwards 
colder,  and  probably  colder  than  it  is  now ;  and  my  own  belief  is 
that  a  still  colder  period  supervened,  which  is  evidenced  by  the 
mechanical  accumulation  of  that  drift  covering  which  I  have  deno- 
minated "trail  "t. 

•  Quart  Journ.  GeoL  Soc.  vol.  xix.  p.  400.  t  Ibid.  toL  xtB.  p.  554. 

(For  the  Discubsiok  on  this  paper,  see  p.  734.) 
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50.  On  $ome  Supbrfigial  Dsposm  in  the  NsieHBOUBHooi)  of 
EnsHAif.  By  the  Ber.  A.  H.  WnnmreTOH  Ikgrajk,  MJL, 
F.G.8.    (Bead  June  25,  1879.) 

SuiwBftPHiiTLT  to  the  late  Mr.  T.  G.  B.  Lloyd's  paper  on  tiie  super- 
ficial depoeite  of  the  Yale  of  Eveeham  being  written,  the  graTela  of 
the  lower  series  on  Green  Hill  near  Evesham  have  been  extennvidy 
opened,  and  disclosed  flints  of  about  the  weight  of  10  lbs.  Hiese 
are  so  very  perfect  and  unworn  by  water,  presentiog  generally  the 
same  appearance  as  if  they  had  just  been  taken  from  i£e  matrix  of 
the  chalk,  that  floating  ice  seems  to  be  the  most  probable  ageney 
which  brought  them  to  their  present  elevation,  about  120  feet  above 
tiie  level  of  the  Avon.  An  abundant  deposit  of  flints  of  the  same 
sise  and  character  occurs  near  Moreton-in-Marsh ;  and  a  large  blo<^ 
of  chalk  was  discovered  in  the  railway-cutting  at  Aston  Magna.  So 
it  is  reasonable  to  conclude  that  the  flints  of  Green  Hill,  some  of 
which  present  glacial  marks,  were  conveyed  by  shore-ice  down  ihd 
vale  of  Moreton,  through  the  depression  in  ihe  Gotswolds  forming 
at  that  time  what  might  be  called  the  Straits  of  Mickleton,  to  the 
position  which  they  now  occupy.  A  thin  layer  of  fawn-coloured 
clay  resting  on  a  slight  stratum  of  subangular  pebbles,  at  the  base 
of  excavations  for  brick-earth  at  Bengeworth,  well  merits  the  at- 
tention of  geologists ;  it  and  the  sand  immediately  above  have 
yielded  entire  heads  and  horns  of  Bos  primigenius  and  Bison  pr%$cu8^ 
antlers  of  Cervus  tarandus,  and  many  unwaterwom  shank  and 
other  bones  of  large  mammals.  From  the  same  clay  a  fine  tusk  of 
a  Hippopotamus  has  come  to  light.  Above  this  mammaliferona 
seam  of  clay  rest  20  feet  of  sand  and  loam,  containing  numerous 
uninjured  and  unopened  specimens  of  Unio  ovalis.  This  formatton 
is,  at  its  surface,  about  60  feet  above  the  level,  and  half  a  mile  from 
the  present  channel  of  the  Avon,  and  appears  to  have  been  laid  down 
in  a  tranquil  backwater  or  reach  in  the  stream  which  then  flowed 
with  a  greater  volume  of  water  during  the  season  when  the  deep 
snow  was  melting,  or  in  some  early  pluvial  period.  On  the  opposite 
bank  of  the  river,  at  Evesham,  about  a  quarter  of  a  mile  from  its 
modern  course,  occurs  a  formation  of  sinular  character  and  depth ; 
and  the  clay  there  has  contributed,  in  a  well  sunk  through  the  sand 
interspersed  with  river-shells,  an  antler  of  a  Eeindeer.  The  dis- 
covery of  a  tusk  of  the  Hippopotamus  points  to  the  fluviatale  origin 
of  the  clay ;  and  most  likely  the  River-horse  was  a  doDisen  of  the 
great  stream  at  the  period  when  the  carcasses  of  Eeindeer  floated 
down  it  on  ice,  which,  stranded  and  melting,  left  their  bones  in  the 
sediment  to  excite  the  speculation  of  geologists  of  our  day. 
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51.  On  a  Sbchoit  of  Boxtldbb-olat  and  Gsatsls  ^Mar  Balltoallkt 
Hbad,  and  an  LraxTiRT  aB  to  ihe  proper  Classificatioh  of  the 
Ibish  Drift.  By  T.  Msllabd  Reads,  Esq.,  C.E.,  F.G.8., 
F.R.LB.A.    (B«ad  June  26,  1879.) 

At  a  point  in  the  road  along  the  west  coast  of  Ireland,  between 
Lame  and  Cnshendall  and  near  BallygaUey  Head,  is  a  gravel-pit 
giying  a  section  which  may  help  to  determine  the  classification  of 
the  Irish  Drift. 

The  exposed  face  is,  as  nearly  as  I  conld  judge,  about  30  feet 
high,  the  pit  being  cut  into  a  grass-^OTcred  slope  lying  against  the 
hilly  ground  which  mostly  flanks  the  coast-road  landwud. 

The  following  is  a  sketch  which  I  took  on  the  spot  last  autumn  ; 
and  although  I  did  not  measure  the  thickness  of  the  beds,  it  may  be 
relied  upon  as  giving  their  proportionate  disposition. 

The  base  of  the  excavation  (A)  is  formed  by  a  bed  of  current-bedded 
gravel  containing  shells  and  shell  fragments.  The  actual  base  of 
the  bed  is  not  disclosed,  so  it  is  impossible  to  say  how  thick  it  is, 
or  whether  it  rests  on  a  Boulder-clay  or  on  the  natural  rock. 

It  is  capped  by  a  perfectly  straight  and  nearly  level  bed  of  sand, 
about  4  inches  thick  (B),  on  which  rest  irregularly  disposed  masses 
of  clay  and  sand  containing  boulders,  and  above  this  a  band  of  red 
clay,  0,  which  is  again  overlain  by  a  mass  of  unstratifled  Boulder- 
day,  D,  the  surface  of  which  is  covered  by  a  bed  of  subaerial  de- 
tritus, E,  forming  the  subsoil  of  the  grassy  slope. 

Coming  fresh  from  Lancashire,  where  some  geologists,  following 

Section  in  Oravelpit  near  BallygaUey  Head. 


A.  Ourrent-bedded  myel  with  shells.  B.  Sand.  0.  Red  Clay. 

D.  Unstratifled  BoiUder-clay.  K  Subaerial  detritus. 
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Prof.  Hull's  lead,  divide  the  Drift  into  three  parts  (viz.  Lower 
Boulder-day,  Middle  Drift  or  Intergladal  Graveb,  and  Upper 
Boulder-day),  I  was  much  stmck  by  the  section.  If  it  had  oceorred 
in  Lancashire  there  is  no  donbt  it  would  at  once  have  been  set 
down  as  a  very  good  example  of  the  ^' Intei^glacial  GravelB''  and 
•*  Upper  Boulder-clay." 

I  had  not  many  minutes  to  examine  the  section,  but  I  picked  up 
during  the  time  I  was  there  a  few  of  the  shells  and  sheU  fragments. 
These  I  submitted  to  Mr.  B.  D.  Darbishire,  E.G.8.,  of  Manchester, 
who  has  determined  the  following  spedes : — Agtarte  eUiptka,  A. 
eompressa,  Ledapemvla^  Mactra  eUipHea^  Naiica^  and  Mytiha. 

On  comparing  these  with  my  list  of  shells  from  the  Boulder-day 
about  Liverpool*,  I  find  that  during  several  years'  dose  search 
AMtarU  eompresm  only  occurred  in  great  rarity  in  the  numerous 
localities  I  examined ;  and  according  to  Mr.  Darbishire's  list  it  is 
«<  very  rare  "  at  Blackpod.  Astarte  dliptiea  was  frequent  in  soom 
localities  and  rare  in  others.  Ledapemula^  supposed  to  be  a  typical 
arctic  shell,  was  very  rare  in  the  localities  where  it  was  found. 

There  is  thus,  according  to  shell-evidence,  nothing  to  give  an 
**  Intergladal "  diaracter  to  these  gravels  as  compared  with  dther 
the  so-called  Upper  or  Lower  Boulder-days  of  the  northr-west  of 
England.  My  opinion  has  long  been  against  this  tripartite  daasi- 
floation,  and  I  have  pointed  out  more  than  once  that  it  rests  upon 
no  intelligible  basisf.  The  examination  of  the  Irish  Drift  stiU  further 
confirms  me  in  the  opinion  that  the  marine  Boulder-days  of  the 
north-west  of  England  and  Ireland  are  but  phases  of  one  long  se- 
quence of  events  uninterrupted  by  changes  of  climate. 

Prof.  Hull  has  applied  the  same  dassification  of  '*  Lower  Boulder- 
day,"  '^Middle  8ands  and  Gravels,"  and  "Upper  Boulder-day ** 
to  the  Drift  of  Ireland  t*  It  is  quite  evident,  however,  if  the 
Boulder-days  of  Galway  Bay,  as  represented  by  the  sections  at 
Blake  Hill,  and  the  Fermoy  valley  in  county  daxe  on  the  opposite 
coast,  as  wdl  as  the  innumerable  idands  of  Drift  in  Clew  Bay,  are 
members  of  the  '^  Lower  Boulder-day,"  it  is  quite  a  different  thing 
from  the  Lower  Boulder-day  of  Lancashire.  The  latter  is  marine, 
the  former  contains  no  evidences  whatever  of  marine  conditions. 

On  the  north  shores  of  Belfast  Lough,  beneath  the  cdebrated 
raised  beach,  are  to  be  seen  sections  of  a  Boulder-day  that  corre- 
sponds in  appearance  with  the  marine  Boulder-days  of  the  north-west 
of  England.  Large  glaciated  blocks  of  travelled  stone,  some  of 
which  I  could  have  matched  with  erratics  taken  out  of  the  Boode 
Dock  excavations,  are  to  be  seen  on  the  beach  washed  out  of  the 
low  difb  of  purple  Boulder-day,  which  is  evidently,  as  in  Cheshire 
and  Lancashire,  largely  reconstoicted  from  the  Triasdc  Mark,  I 
did  not  notice  any  shell-fragments  in  the  Belfast  Boulder-day ;  but 
my  time  was  limited,  and  in  Lancashire  it  often  requires  doM  ex- 
amination to  detect  them. 

*  Quart  Jouni.  G«d.  8oc  yd.  zxz.  p.  27. 
t  See  Ged.  Mag.  dec.  2,  toI.  it.  pp.  93,  $9. 
I  Phjiical  Geology  and  Qeographj  of  Ireland,  pp.  79-05. 
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The  Boulder-day  of  Galway  and  Clew  Bays  is,  on  the  oontrary, 
made  up  almost  wholly  of  triturated  limestone, — so  much  so  that  it 
is  even  now  a  loosely  consolidated  limestone  and  stands  in  vertical 
cliffs.  Imbedded  in  it  are  blocks  of  limestone  and  granite^ne  of 
the  latter,  at  Galway,  now  on  the  beach,  being  from  Moycullen  and 
containing  about  1600  cubic  feet  of  stone.  But  neither  here  nor  in 
Clew  Bay,  nor  elsewhere  in  Ireland  where  the  same  kind  of  drift 
occurs,  could  I  see  on  the  contained  stones  those  splendidly  planed 
and  grooTcd  surfaces  which  distinguish  most  of  the  largest  and 
smallest  stones  of  the  Lancashire  Drift.  The  material  and  its  im- 
bedded stones  are  all  distinctly  local. 

The  explanation  of  these  distinctions  I  propose  to  defer  until  I 
publish  Part  11.  of  the  "  Drift  Beds  of  the  ^orth-west  of  England,** 
having  written  this  short  description  of  the  Irish  Drift  for  record  as 
well  as  to  elicit,  if  possible,  further  information. 
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52.  FuBTHBR  OB8ssyA.ziov8  <m  the  Prb-Cambriaw  Bocks  of  Casr- 

KARTOK.     By  Prof.  T.  M^Ksfht  Huohrs,  M Ju,  P.G.S.     (Bead 

May  14, 1879.) 

[Plate  XXXTIJ 

Ok  a  former  oocaaioii  (Quart.  Joom.  GeoL  Soo.  vol.  xxxiy.  p.  137) 
I  offered  a  sketch  of  the  Pre-Cambrian  rocks  which  form  Uie  long 
ridge  stretching  from  Bangor  to  Caemaryon.  The  classification 
I  adopted  was  in  descending  order : — 

L  I%e    Voleanie   seriea,  oomnsting  of  Toloanio   fragmentary  ejeotameota, 

agglomeratos,  aih-beda,  and  slates,  oooorrmg  near  Bangor,  and  refeired 

to  aB  Banffor  beds. 
ii.  The  FMHc  aeries,  consisting  chiefly  of  quartz  felsites,  and  probably  also 

of  Tolcanic  origin,  occurring  near  Llanddeiniolen  and  Dinorwig,  and 

now  referred  to  as  the  JHnorung  beds. 
iii  The  Granitoid  series,  oocurring  near  Caemarron,  and  referred  to  at  the 

Caernarvon  beds. 

Endeayouring  to  correlate  these  groups  with  the  diyisions  pro* 
posed  by  Dr.  Hicks,  I  considered  that  the  lowest  group  included  less 
than  the  Dimetian,  from  which  I  proposed  to  cut  off  every  thing 
above  the  brecciated  bed  below  Bryngam,  on  the  left  of  the  valley 
running  down  from  St.  David's  to  Porthclais.  The  upper  group 
I  divided  into  two.  I  do  not  know  how  far  Dr.  Hicks,  in  the 
modified  classification  recently  offered  to  the  British  Association 
(Beport,  1878,  Trans.  Sect.  p.  536),  adopts  the  above  threefold 
classification.  I  considered  that  there  was  no  unconformity  visible 
between  the  groups,  whether  we  accepted  the  brackets  drawn  by 
Dr.  Hicks  or  those  which  I  proposed. 

Since  this  paper  was  first  sent  in  much  additional  information  has 
been  brought  forward  by  Professor  Bonney,  Dr.  Hicks,  and  Mr. 
Houghton,  in  communications  made  to  the  Society,  Feb.  5,  1879.  A 
threefold  division  was  adopted ;  but  the  authors  disagreed  entirely 
with  the  views  I  had  expressed  of  the  structure  of  the  districts  as 
regarded  dips,  strikes,  faults,  and  the  sequence  of  rocks,  and  affirmed 
the  existence  of  a  visible  unconformity  between  the  groups  *. 

I  shall  now  describe  the  rocks  of  the  district  in  ascendmg  order. 

I.  The  Caernarvon  Beds  (»  Dimetian  in  part). 

ii  Upper  Caemarron  =  CrugBeds. 
i.  Lower  Oaemarron  =  Twt-Hill  Beds. 

I.  i.  The  TwUHiU  Beds. 

The  coarse  crystalline  rock  of  Twt  Bill  is  exposed  over  a  small 
area  on  Twt  Hill  and  in  quarries  along  the  north  side  of  it.     In  a 

*  HaTinff  gone  oyer  the  ground  again  with  my  friend  Mr.  Tawnej,  I  am  able 
to  offer  a  fuller  description  of  the  district,  and  to  bring  forward  madi  addi- 
tional eridenoe  on  those  points  respecting  which  there  has  been  a  difbreoet  of 
opinion. 
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Fig.  1. — Section  of  Twt  Hilly  Caernarvon. 
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N.W. 


a.  Cambruin  OoD^lomerate.  e'.  Lower  OaerDanron  bedf. 

*  Beds  of  quartzite  and  diTisional  planes  suggestiTe  of  bedding. 

quarry  in  the  first  field  on  the  NJE.  of  the  hill,  which  we  shall 
liefer  to  as  the  Twt-Hill  Field  qoarry,  it  is  seen  fianked  on  the  S.E.  hy 
sandstone,  grit,  and  conglomerate  (see  figs.  1  &  2).     It  is  thrown  hack 


8J3. 


Fig.  2.— Section  N.E.  of  Twt  HiU,  Caernarvon. 

Field  Qoftny. 


N.W. 


'.  Sandstones.        1  n„«k«-.«  ^.  Lower  Oaernarron 

'.  Conglomerates.  /  ^a°*»>n*n-  ♦  pajiite,  with  platy 


&,  Lower  Oaemarron  beds. 

structure. 


hy  a  small  fault  crossing  the  ridge  N.E.  of  Twt  Hill,  with  a  down- 
throw on  the  £.,  so  that  it  is  found  in  the  quarry  hy  the  highest  new 
road  ahoye  Tscuborwen  with  the  same  grit  and  conglomerate  on  its 


B.S. 


Fig.  3. — Section  in  Quarry  above  Tscuborwen^  Caernarvon. 


a"  &indstone  and  grit  )  Oambrian. 
a'.  Oonglomerate.  j  ^"*"»"^*~*' 


e'.  Lower  Caemaxron  1 
d.  Greenstone. 


S.E.  flank  (see  fig.  3).  This  fault  coincides  with  a  greenstone  dyke 
numing  S.  20^  E.  and  seen  in  the  quarry ;  and  there  is  also  seen  in 
the  same  quarry  another  fault  running  up  to  the  S.  end  of  the  dyke 
(fig.  4),  nearly  at  right  angles  to  it,  and  dropping  the  grit  a  little  on 
theS. 

The  coarser  variety  of  the  Twt-Hill  rock  has  heen  largely  quarried 
behind  Uysmeirion  and  Eichmond  Hill,  and  is  again  seen  about  half 
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Fig.  4. — Plan  of  Quarry  above  Yseuborwen,  Caernarvon. 
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a".  Sandstone  and  grit  1  ^  »«k^.„  <^'  Lower  Gaemairon  bedk 

«'.  Conglomerate.         |^»m«)nan.  ^  Gitwistone.  P.  F^nlta. 

*  Bock  mudi  jointed  and  reined  in  continuation  of  direction  of  d  jke. 

a  mile  E.8.E.  of  Danfairisgaer,  where  it  fomnB  a  ragged  boss  in  a 
field  N.W.  of  Bryn.  This  rock  is  a  coarse  crystalline  aggregate  of 
quartz  and  felspar,  or,  sjb  Professor  Ramsay  has  described  it,  is  like 
a  granite  with  no  mica.  In  Anglesey  a  similar  rock  passes  into  a 
granitoid  rock  with  mica.  It  is  doubtfol  whether  any  specimen 
taken  from  the  heart  of  this  mass  has  exhibited  dear  evidence  of  a 
fragmental  origin.  There  are  many  systems  of  divisional  planes, 
and  sometimes  one  set  and  sometimes  another  come  into  pnmiineiioe 
from  their  regularity  and  persistency. 

In  the  quarries  on  the  N.  side  of  Twt  Hill  the  most  bed-like  planes 
turn  over  to  the  N.,  or  a  little  W.  of  N.,  as  if  dragged  down  to  the 
fisiult  which  brings  on  the  Carboniferous  rocks.  In  the  K.  corner 
of  the  Twt-Hill  Field  quarry  (fig.  5)  there  is  a  band  of  decomposing 
grey  felspathic  rock,  fidl  of  more  or  less  regularly  developed  doufafy 
terminated  quartz  crystals,  similar  to  those  found  by  Mr.  Tawney  in 
the  rocks  of  St.  David's ;  and  in  this  a  band,  ftt>m  two  to  eighteeii 
inches  thick,  of  hard  dose-textured  siliceous  rock,  which  t.hidfeps 
rapidly  to  the  east,  with  an  inclination  of  about  30^  N.NJB.  It  is 
somewhat  interrupted  along  joints,  so  as  to  suggest  that  it  may  not 
represent  original  bedding,  but  may  be  due  to  a  kind  of  indigenous 
vein-structure.  On  the  other  hand,  this  interruption  of  tiie 
continuity  of  the  mass  at  a  joint  is  not  at  all  condusive  against 
its  being  a  bed  of  sedimentary  origin  with  any  one  who  has  ob- 
served the  irregular  and  interrupted  manner  in  which  the  grits  and 
quartzites  of  Anglesey  are  thrust  in  among  the  crumpled  schists 
with  which  they  are  associated. 
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Fig.  5, — North-east  end  of  Field  Quarry,  Twt  IliU,  Caernarvon. 
aw.  N.B. 


c\  Jjower  Oaernaryon  beds. 

*  Bed  of  fine-grained  qaartzose  rock. 

On  the  two  bosses  which  occur  N.  and  N.E.  of  Twt  Hill  there  is 
a  brownish  or  yellowish-pink  felsite,  generally  showing  a  platy 
structure.  This  should  be  distinguisheNi  from  the  Twt-Hill  rock. 
In  the  large  quarries  on  the  N.W.,  facing  the  Straits,  there  is  an 
altered  grit.  If  the  more  obvious  divisional  planes  represent 
bedding,  these  dip  in  a  northerly  direction,  and  are  the  highest  beds 
there  seen  ;  they  would  necessary  be  thrown  back  out  of  sight  by 
the  fault  seen  in  the  roadside  quarry,  fig.  3. 

Close  to  the  great  fault  which  brings  on  the  Carboniferous  rocks 
near  Tycoch  tiiere  is  a  crystalline  grey  felspathic  rock,  much 
crushed  and  traversed  by  sHckensides,  the  surfaces  of  some  of  which 
are  glossy,  black,  and  anthracitic-looking.  This  rock  probably 
belongs  to  some  part  of  the  Caernarvon  series. 

I.  ii.  Crug  Beds. 

On  the  8.E.  side  of  the  ridge  we  find  strong  proof  that  a  group  of 
beds,  somewhat  similar  to  the  Twt-Hill  rock  in  essential  characters, 
but  finer,  alternates  with  felsite-like  rocks  or  passes  into  them ;  and 
though  nothing  like  dip  can  be  made  out  in  them,  the  strike,  as 
followed  along  the  ridge  (see  map,  PL  XXXVI.),  from  about  half  a 
mile  N.E.  of  Pengwrach  to  the  brow  of  the  hill  above  Dinorwig 
station,  shows  that  they  run  nearly  with  the  trend  of  the  hill, 
with  perhaps  a  little  more  north  in  them,  and  generally  somewhat 
dragged  over  towards  the  fault  along  the  Carboniferous  beds. 

On  the  boss  N.W.  of  Pengwrach  we  find  on  the  N.W.  side  crystal- 
line beds,  like  the  finer  portions  of  the  Twt-Hill  group ;  and  on  the 
S.E.  side  of  the  same  boss  a  felsite-like  rock.  A  precisely  similar 
boss  occurs  dose  to  Crug,  with  a  coarser  rock  on  the  N.W.  and  a 
felsite-like  rock  on  the  S.E.  In  the  road  between  the  two  places 
rock  of  the  coarser  variety  is  exposed. 

In  the  field  N.W.  of  Bryn  finer  and  coarser  varieties  of  the  same 
kind  of  rock  are  exposed  in  bosses  projecting  through  the  soil,  while 
immediately  over  the  wall  on  the  N.W.  the  coarse  granitoid  rock  of 
Twt  Hill  is  seen.  A  grey  crystalline  felspathic  rodk  much  seamed 
by  quartz  veins  forms  the  most  prominent  point  in  this  field  on  the 
N.E.  of  the  house. 

Still  further  on  to  the  NJS.  in  the  same  line,  in  the  lower  part  of 
the  little  valley  which  runs  down  from  below  Tynymaes  to  about 
half  a  mile  E.N  JS.  of  Plas  lianf air,  there  are  alternations  of  beds  of 
finer  and  coarser  crystalline  rock,  which  must  be  referred  to  this 
group.     One  pink  bed  we  find  again,  almost  identical  in  character, 

Q.J.G.S.  No.  140.  3  a 
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h'  in  ihe  same  strike  on  the  brow  of 

^  the  hill  above  the  station  at  Port 

Dinorwig.  Here  it  occnrs  between 
grey  felspathic  rocks ;  and  these  can 
hardly  be  distinguished  from  parts 
of  the  great  msss  of  felsites  which 
occupy  almost  all  the  high  ground 
above  Port  Dinorwig,  and,  repeated 
by  faults,  stretch  away  to  liand- 
deiniolen  on  the  8.E.  and  Brithdir 
and  Beulah  Chapel  on  the  N.£. 


9 


^  11.  Dinorwig  Beds  (=Fel8itic 
series). 

^    "^  The  next  series  consists  chiefly  of 

1                          I     2  great  masses  of  grey  quartz  felsite. 

.eg  No  distinct  bedding  can  be  made  out 

'Z     I  in  auy  section ;  but  the  strike  can  be 

i       j                          2     3  inferred,  in  the  lower  part  of  the 

[       ;                         ^  '"^  series,  from  the  manner  in  which  the 

1      j                         J    gi^J  rock  occurs  with  reference  to  the 

I                                -^  i  ?3  boundary  of  the  underlying  forma- 

I                                E    ^  ^  tion,  and  more  clearly  by  following 

J    E^  i^  certidn  beds  of  marked  diaracter  in 

p  OHP  the  middle  and  upper  part.     It  is 

I                                ^  'o-v^'^Q  seen  with  a  subor^ate  purple  bed 

i  near  Tanyperthi,  on  the  S.  of  which 

I  it  is  overlapped  by  a  set  of  grits  very 

>  similar  to  some  of  those  which  flank 

^  the  Twt-Hill  beds  at  Caernarvon  (see 

;  map,  PL  XXXYI.).     It  projects  at 

'^  intervals  all  along  the  ridge  to  near 

J                                    ^  Brithdir,  and  then  can  be  followed 

&D  on  the  other  side  of  the  Bangor  road 

'$S  to  the  fault  N J5.  as  far  as  Beulah 

i                          itt  Chapel. 

1 1  §  A  fault  runs  S.W.  and  N.E.  nnder 

'S'i'§>^  Careg  goch  W.  of  LlanddeinioleD, 

^                           mJsl  dropping  the  grits  on  the  N.W. ;  and 

.  .^.^.  passing  between  Cefo  and  Tanyr- 

t    ^^^  ^  wylfjB^cro68es  the  valley  near  the  dyke 

I  under  Tynycoed,  repeats  a  great  pait 

^      .|  of  the  felsitic  series  by  bringing 

f                       .2      -|  them  up  again  on  the  S.E.,  and  so 

^      J  runs  into  the  Bangor-road  fanlt  N. 

^       ^  of  Brithdir. 

This  repeated  maas  of  felsites  is 

overlapped  near  lianddeiniolen  bj 

^  grits  and  conglomerates,  which  can 

.  J  be  traced  at  intervals  to  the  Bangor 

Sd  I  road  N.E.  of  Brithdir  (see  map  and 

^  I  fig.  6). 
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On  the  mass  8.  of  Brithdir  a  purple  bed  is  seen  near  Oarth ;  and 
this  seems  to  be  developed  to  the  N.£.  into  the  Brithdir  rook,  which 
is  a  red  quartziferoos  felspar  porphyry.  To  the  S.W.  of  this, 
running  parallel  to  it,  is  a  mass  of  purple  breooiated  rock  seen  in  the 
ravine  near  Y  Ghuiol,  and  running  by  Cae  Cerig  to  the  E.  of  Brithdir 
till  it  is  lost  under  the  overlapping  grits  and  conglomerates. 

A  similar  sequence  of  beds  can  be  made  out  in  the  mass  on  the 
W.  of  the  Careg-godi  fault.  A  purplish  bed  of  quarts  felsite  is  seen 
trending  N.E.  near  Tanyperthi ;  and  at  Fantyfallenfach  a  purple 
brecoiiform  febpar  porphyry  can  be  traced  for  some  distance  with  a 
similar  strike.  These  are  probably  equivalents  of  the  Brithdir 
porphyry  and  Brithdir  breccia  respectively,  thrawn  back  by  the 
Careg-godh  fault  (see  section,  fig.  6). 

HE.  Bitngar  Beds  (sYolcanic  series). 

The  ground  N.E.  and  £.  of  Brithdir  u  much  disturbed,  and  I 

have  not  worked  out  the  details ;  but  the  sequence  is  dear  further  to 

the  NJS.,  and  by  reference  to  it  the  leadixig  features  of  ihe  rest  of 

that  district  can  be  made  out    The  volcanic  beds  are  well  exposed 

Rg.  7. — Section  from  Menai  Bridge  to  Bryniau  Bangor, 


at.  CarboniferouB.  a.  Cambrian. 

B.  Bangor  Beds  (Voloanio  series,  agglomerates,  &c.). 

B.  Dinorwig  Beds  (Felsitic  series).  d.  Dykes.  F.  Faults. 

on  Bryniau  Bangor,  from  the  W.  shaft  of  the  tunnel  to  near  the 
path  above  the  station,  and  are  seen,  as  already  elsewhere  described, 
to  consist  of  homstones,  fine  green  banded  slates,  and  agglomerates, 
including  fragments  of  rock  precisely  similar  to  the  beds  among 
which  the  agglomerates  occur.  They  contain  also  small  faults  and 
contorted  broken-up  beds,  lying  between  others  apparently  undis- 
turbed. From  such  indications  we  may  infer  that  we  have  here  a 
volcanic  series,  consisting  chiefly,  in  this  part,  of  fragmentary  ejecta- 
menta.  Following  the  bands  across  their  edges  in  descending  order, 
we  come  to  purplish  somewhat  felsitic-looking  rocks ;  and  it  is  not 
improbable  that  we  have  here  traces  of  small  later  lava-streams,  of 
which  the  earlier  greater  flows  are  preserved  in  the  underlying 
Dinorwig  beds. 

If  the  Britiidir  and  Pantyfiallen  brecciated  rocks  are  lava-flows, 
owing  their  brecciiform  appearance  to  half-molten  fragments  in 
the  lava,  they  would  have  to  be  bracketed  with  the  Dinorwig  beds ; 
and  this  ejection,  with  imperfect  fusion,  would  seem  to  indicate  the 
commencement  of  the  conditions  under  which  the  Bangor  beds  were 
accumulated,  in  which  the  fragments  appear  to  have  been  thrown 
out  unmelted,  forming  great  masses  of  agglomerate  and  ash. 
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We  must  therefore  consider  the  lowest  of  the  Bangor  beds  viidble 
in  that  area  to  be  the  coarse  brecciated  conglomerate  seen  near 
Careg  Hwfa,  immediately  8.£.  of  the  purple  grits.  This  con- 
glomerate is  yery  oonspionons  with  its  luge  pebbles  of  green 
f elspathio  rook  weathering  milk-white.  The  dip  of  the  vcflcanic 
beds  is  yery  dear,  ayeraging  about  55^  S.£. ;  and  as  we  follow  them 
along  their  strike  to  the  N.£.  we  find  them  disappearing  under  the 
Cambrian  conglomerates  and  grits,  which  can  be  traced  lap^ng 
round  the  end  of  the  hill  from  near  MiniFoid  to  below  the  Mount. 

So  it  will  be  seen,  first,  that  all  the  older  groups  run  parallel  to 
one  another  between  Caernarvon  and  Bangor,  the  strike  neaiiy 
coinciding  with  the  trend  of  the  hills,  with  a  little  more  north  in  it, 
and  dragged  down  towards  the  great  faults  here  and  there. 

Secondly,  that  a  connected  though  variable  series,  consisting 
of  grits  and  conglomerates,  flanks  them  on  the  S.E.,  and  folds  round 
the  north-eastern  end  of  the  seyeral  masses  into  which  the  range 
is  cut  up  by  yalleys,  overlapping  in  turn  each  of  the  four  groups 
into  which  the  older  rocks  haye  been  diyided,  and  changing  thetr 
character  somewhat  according  to  the  rocks  on  which  they  re«t  and 
from  which  they  were  principally  deriyed.  These  grits  and  con- 
glomerates I  refer  to  the  base  of  the  Cambrian,  and  I  now  propose 
to  trace  them  more  in  detail. 

Cambrian. 

We  find  them  weU  developed  on  the  shore  S.W.  of  Garth  Point, 
where  there  is  ihe  following  section : — 

Fig.  8. — Section  seen  along  Shore  of  Menai  Straits  between  Otaik 
Point  and  Oored  Cfith^  Bangor. 

N.B.  BJL 

Ourth 

Ftrrj.  Blate  DepOt  Oore4  QiA' 


a.  Carboniferous. 

o^.  Eren-bedded  mudstones  and  finer  eandstones. 

a'.  Coarse  gnt,  with  lines  and  beds  of  quarts  and  jasper  pebbles. 

a*.  Pale  mudstone,  with  subordinate  purple  beds,  espedauy  in  lower  part. 

a^.  Coarse  ooogloinerate.  *  Broken  famted  ground. 

Sandy  mudstones  with  subordinate  purple  beds  are  seen  here  and 
there  in  road-cuttings  and  elsewhere  on  the  hill  aboye,  and  the  con- 
glomerate can  be  traced  obliquely  up  the  hill-side.  It  crops  ofut 
below  Menai  View,  runs  across  from  that  to  near  Friddodd,  and 
is  exposed  in  a  lai^  quarry  near  Plas  Lodwig.  It  is  seen,  wdl 
scored  by  glacial  striee,  in  the  road  that  leads  from  Friddodd 
towards  Belmont.  Probably  one  of  the  faults  seen  on  the  shorv 
near  Gored  Gith  cuts  it  off  on  the  S.W.,  and  it  is  thrown  forwaid  by 
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the  Bangor-road  faults  into  the  city,  where  it  appears  again  below 
the  Mount,  from  which  it  can  be  traced  at  intervals  across  the  end 
of  the  hill  by  the  £.  shaft  of  the  tunnel,  and  S.  and  S.W.  to  Nant 
Qwtherin. 

The  area  of  two  square  mOes  lying  8.W.  of  Bangor  is  a  difficult 
bit  of  mapping,  from  the  number  of  faults  and  dykes,  and  the  partial 
metamorphosis  accompanying  them ;  but  the  beds  can  be  pretty  well 
identified.  I  think  the  district  could  be  satisfactorily  worked  out, 
especially  if  we  had  six-inch  maps. 

Fekites  occupy  the  whole  area  between  the  Carboniferous  fault  and 
the  Trawscanol  fault  as  far  N.E.  as  Fenychwynfa.  Cambrian  grits 
cross  the  road  near  Beulah  Chapel,  and  are  seen  in  the  small  road- 
cutting  in  the  field  opposite  the  entrance  to  Belmont.  Here  also 
there  is  a  greenstone  dyke  exposed,  and  on  the  E.  side  of  it,  close  to 
the  gate,  the  conglomerate  occurs.  To  the  E.  pale  mudstones  are 
seen  along  the  road  from  the  George  Hotel  to  Bangor,  and  near  the 
four  road  ends  by  the  "f"  of  Gosphwysfa.  E.  of  this  the  con- 
glomerates are  repeated  as  described  above,  being  seen  almost 
uninterruptedly  running  from  Gored  Gith  to  Plas  Lodwig.  On  the 
8 JB.  side  of  the  Trawscanol  fault  Cambrian  grit  crops  out  along  the 
top  of  the  ridge  by  Bryn  Adda,  and  then  we  have  the  interruption 
of  a  dyke  running  along  the  lane  from  S.  of  Maesmawr  to  the  lower 
Bangor  road. 

A  short  distance  S.W.  of  this,  by  the  *•  dd"  of  Tafamnewydd,  a  red 
grit  and  fine  conglomerate,  like  the  Careg-Hwfla  beds,  come  to 
Uie  surface,  and  are  quarried  in  places. 

Along  the  roadside  by  Tyddyndu  sandstones  and  mudstones  are 
seen  traversed  by  a  dyke  which  comes  behind  Coedty.  These  beds 
dip  at  a  high  angle  (50"^  and  60°)  to  the  N.E.,  and  must  be  cut  off 
from  the  felsites  of  Cilmelyn  by  the  Trawscanol  fault. 

There  are  some  homstones  and  baked-looking  banded  slates  on 
the  rugged  hill  near  the  *'  w  '*  of  Tafamnewydd,  which  at  first  sight 
I  should  be  inclined  to  throw  in  with  the  Bangor  group ;  but  I  have 
not  worked  out  that  bit,  and  there  are  beds  very  like  them  caught 
in  along  the  dykes  S.E.  of  the  conglomerate  of  Tymawr  near 
Uanddeiniolen,  and  these  may  either  be  Cambrian,  altered  by 
the  Coedty  dyke,  or  be  older  rocks  faulted  in. 

The  actual  base  of  the  conglomerate  and  grit  I  have  not  seen  in 
this  part  of  the  district.  Fig.  8  shows  the  section  near  Garth 
Point,  and  fig.  9  those  made  out  on  either  side  of  Bryniau  Bangor. 

The  con^omerate  is  less  conspicuous,  and  the  coarse  grit  more  so, 
as  we  trace  the  series  to  the  S.W.  llie  conglomerate  consists  of 
large  pebbles,  almost  all  of  which  are  fragments  of  felsite  witli  a 
few  of  quartzite.  The  grit  is  generally  a  tolerably  pure  siliceous 
rock  with  but  little  felspathic  matt'Cr.  The  conglomerate  is  gene- 
rally weathered  to  a  considerable  depth.  It  is  much  decomposed  to 
the  bottom  of  all  ordinary  quarries ;  but  some  fragments  brought 
up  the  shaft,  probably  from  the  same  bed  deep  down,  are  of  tough 
purplish  rock,  containing  pebbles  of  felsite  similar  to  those  in  the 
more  weathered  conglomerate. 
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It  is  not,  howeyer,  found  to  be  so  mnoh  decomposed  as  we 
follow  it  towards  Caernarvon.    In  the  qnarry  at  Hendrewen,  where 

Fig.  9. — Seetionfrom  road  near  Olan  Adda,  ^  nUU  S.W.  of  Bangor 

Siatum,  due  E.  across  Bryniau.    (Lengtli  of  Section  1  mile.) 
w.  »• 

Boad  8.  of  1  mile  W.  ol 

Bangor  itatuni.       Hendrewen.  TJ»nd«^. 


a'.  Black  and  grej  banded  flaggy  shales.  ] 

a\  Sandstones  and  grits.  j- Cambrian. 

a\  Conglomerate.  J 

B.  Vuloanic  series,  Bangor  beds.  d.  Dykeu 

it  is  seen  to  be  dropped  by  a  small  fault  against  the  Bangor  beds  to 
the  N.W.  flank  of  the  Bryniau  ridge,  it  consists  of  a  very  tough 
grit  and  irregular  conglomerate,  the  conglomerate  in  places  being 
very  coarse ;  one  pebble  was  over  a  foot  in  longest  diameter.  It  is 
here  traversed  by  a  dyke,  near  which  it  is  slightly  altered.  These 
beds  can  be  followed,  dipping  in  a  N.  and  N.W.  direction,  to  near 
Tairffynnon,  W.  of  which  place  the  Bangor  beds  crop  out  below 
them.  They  can  be  traced  along  the  N.  side  of  t^e  valley  towards 
Perfeddgoed,  and  crossing  the  valley,  which  probably  coincides  with 
faulted  ground,  we  can  trace  similar  purplish  conglomerate  and 
grit  up  t^e  road  to  Wem,  and  here  and  there  E.  of  Brithdir,  across 
the  road  NJE.  of  Cae  Cerig,  and  beyond  the  rough  laod  of  Bhoefawr. 
We  find  bosses  of  grey  coarse  grit  on  one  side  and  of  felsite  cm  the 
other  over  the  hill  to  Fachell.  There  we  have  a  fine  series  of 
sections,  from  which  the  E.N.E.  part  of  fig.  6  has  been  drawn. 
The  gritf)  associated  with  the  conglomerate  are  sometimes  purplish 
where  the  conglomerate  is  purple,  as  near  the  Poorhouse  on  the 
Bangor  road,  but  sometimes  grey  or  yellowish,  even  when  the  con- 
glomerate is  purple.  Genendly  the  grits  underlying  the  conglo- 
merate are  grey  and  yellow,  as  near  Wem  and  Fachell. 

About  a  quarter  of  a  mile  N.£.  of  Fachell,  in  a  laige  quarry  by 
the  road  opposite  Tymawr,  the  conglomerate  is  well  seen.  Its 
general  colour  is  purple,  and  on  closer  examination  it  is  seen  to  be 
composed  of  pebbles  of  great  variety,  from  a  grey  or  salmon-pink 
quartz  felsite  to  a  bright  porphyry,  in  which  red  crystals  of  febpar 
shine  in  a  black  matrix.  This  conglomerate  is  followed  bj  the 
usual  Cambrian  grits,  sandstones,  and  mudstones,  which  are  found 
a  little  further  on  much  troubled  by  a  great  greenstone  dyke. 

A  fault  which  causes  the  smashed  rock  seen  along  the  road  by 
Fachell  throws  back  the  Cambrian  to  the  W.  of  Llanddeiniolen. 
S.  of  this  fault,  near  the  church,  black  and  grey  banded  flaggy 
shales  occur,  like  those  seen  in  a  similar  position  £.  of  Bryniau 
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Bangor ;  and  W.  of  these,  grits  and  purplish  sandy  shales  crop  out 
in  the  road  and  quarry  near  the  Rectory.  These  are  probably  all 
above  the  conglomerate. 

Cloarse  grits,  like  those  near  FaoheU,  occur  along  the  8.K  flank 
of  the  hill  for  about  three  quarters  of  a  mile  near  Careg  goch,  and  are 
quarried  here  and  there.  They  dip  at  about  30°  to  40°  8.8.E.  and 
£.8.£.  I  take  these  to  be  the  base  of  the  Cambrian,  here  irre- 
^olarly  and  unconformably  lying  upon  the  felsites,  and  thrown  back 
from  the  grits  of  Pachell  by  the  same  fault  which  repeats  the  Brithdir 
beds  at  Pantyfallen  and  Tanyperthi. 

Two  miles  further  to  the  8.W.  we  find  the  grits  and  conglomerates 
flanking  the  Caernarvon  beds  on  the  8.E.  sides  of  the  ridge.  They 
are  first  exposed  in  a  small  disused  quarry,  in  a  field  on  the  top  of 
the  hill  between  Yscuborwen  and  Tygwyn,  where  they  are  seen 
dipping  45°  to  48°  8.8.E.  and  8.  30°  E.  (fig.  10).    The  conglomerate 

Pig.  10. — Section  in  Quarry  on  top  of  hill  between  Yscuborwen  and 

Tyywyn^  Caeituirvon, 
N.w.  ®**- 


fl*.  Touffh  aandstone  and  grit.  .      ,   ,. 

aK  Grit  and  conglomerate,  with  quarte,  quartnte,  lydian  stone,  jaaper,  nuca- 
Bchist,  &o. 

consist*  chiefly  of  white  quartz,  among  which  pebbles  of  blood-red 
lasper  are  conspicuous,  and  less  commonly  fragments  of  mica-schists 
three  or  four  inches  in  longer  diameter.  The  conglomerates  pijss 
under  tough  grey  grit»  and  sandstone,  which  crop  out  under  the 
hedge  all  along  the  opposite  side  of  the  quarry,  afl  shown  m  fig.  10, 
which  is  drawn  not  quite  at  right  angles  to  the  strike,  and  therefore 
shows  a  somewhat  lower  angle  than  true  dip. 

Less  than  half  a  mile  8.W.  of  this  a  quarry  is  being  worked  dose 
to  the  road  recently  constructed  towards  the.top  of  the  hiU,  near  some 
new  villas.  In  this  a  somewhat  similar  but  finer  conglomerate  is 
seen  faulted  against  the  Twt-Hill  rock,  and  passing  with  a  dip  of 
shout  15°  under  very  tough  grey  gnt  weathering  yellowish  (figs.  3 
and  4).  The  dyke  fault,  with  a  downthrow  on  the  N.E.,  now 
throws  the  grits  and  conglomerates  forward  to  the  8. ;  an^  theyare 
next  seen  ^  the  quarry  illustrated  by  fig.  2,  resting  on  the  Tw^ 
HiU  rock  at  an  angle  of  about  65°,  and  dipping  under  gnts  and 
somewhat  flaggy  sandstones  seen  in  the  8.  comer  of  the  quarry. 
The  conglomerate  has  been  cut  back  to  the  Twt-Hill  rocMeaving 
patches  adhering  in  places,  owing  partly  to  the  ^"^«S^^^.,f  J^J^ 
^  and  Kivinff  the  appearance  of  alternations  of  Twt-HiU  rock 
^'conglomerate,  dipping  a  Uttle  to  the  E.  or  W.  of  8.     The  true 
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dip  ia  seen,  however,  at  the  S.W.  end  of  the  quarry,  and  the  long 
fSeioo  of  jock  fronting  the  S.£.  is  very  nearly  the  bedding-plane. 

The  oonglomerate  is  much  like  that  seen  in  the  quarry  shown  in 
fig.  10,  except  liiat  almost  all  the  pebbles  are  white  quartz.  It  is 
exceedingly  tough.  The  finer  portions  are  much  like  the  upper 
conglomerate  seen  at  Garth  Point  (see  fig.  8,  a"),  and  also  resemble 
some  of  the  oonglomerate  in  the  Hendrewen  quarry  (see  fig.  9). 

The  OTerlying  beds  consist  of  a  grey  grit  and  micaceous  purple 
flaggy  sandstone.  This  is  much  weathered,  and  it  is  not  dear  how 
far  the  colour  may  be  due  to  weathering. 

The  conglomerate  is  again  seen  on  the  S.£.  of  Twt  Hill  in  front 
of  the  new  church.  The  dip  was  not  dear,  but  it  appeared  to  be 
S.E.  (fig.  1). 

Thus  we  find  the  conglomerate  and  grit,  which  must  all  be  referred 
to  the  base  of  the  Cambrian,  flanking  the  Fre-Cambrian  rooks  all  the 
way  from  Twt  Hill,  Caernarvon,  to  Garth  Point,  Bangor,  dropped  in 
and  repeated  by  faults  here  and  there,  and  lapping  round  the  eadB 
of  all  the  principal  masses  of  which  the  range  is  made  up. 

The  chsuucter  of  the  beds  varies  according  to  the  rocks  on  which 
they  rest,  and  from  which  they  were  principally  derived.  Near 
Caernarvon  the  conglomerate  contains  chiefly  quartz ;  near  Lland- 
deiniden  it  is  composed  of  pebbles  of  fdsitio  rocks  in  a  fine  matrix, 
also  likefelsitic  rock.  Near  Bangor,  though  the  pebbles  se^n  to  be 
chiefly  derived  from  felsitio  ro^,  the  matrix,  espedally  those 
portions  which  are  farthest  from  the  felsitic  rocks,  is  often  a  grit, 
and  generally  is  much  more  open  and  porous,  probably  being  largely 
derived  from  the  dastic  volcanic  series ;  and  this  accounts  for  tiiat 
portion  of  the  conglomerate  being  most  decomposed. 

DESCRIPTION  OF  PLATE  XXXVI. 
Map  of  the  district  between  Bangor  uid  Caemanron. 


Discussion. 

Dr.  Hicks  remarked  that  the  pointe  of  diflerence  between  himsdf 
and  the  author  of  this  paper  were  now  very  small,  as  it  was  quite 
clear  that  the  author  had  abandoned  the  theory  in  which  he  attri- 
buted an  igneous  origin  to  the  Dimetian  (Twt-Hill)  series ;  and  he 
hailed  the  appearance  of  this  memoir  also  as  showing  that  Prol 
Hughes  was  gradually  coming  round  to  his  views,  and  accepting  his 
threefold  division  of  the  Pro-Cambrian  rocks. 

Mr.  Tawnbt  stated  that  the  specimen  alluded  to  by  Dr.  Hida 
as  from  a  mineral  vein  was  from  a  bed  in  the  quarry  near  Twt  HiU 
(admitted  by  every  one  who  had  been  there  te  be  a  conglomerate) ; 
the  only  question  was  as  to  its  age.  Concerning  this,  two  £ui^ 
divergent  opinions  were  before  us,  viz.  one  recorded  by  Pnol 
Bonney,  that  it  was  a  bed  in  the  metamorphic  Twt  series ;  the 
other  by  Prof.  Hughes,  that  it  was  lying  unconformably  against  the 
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Twt-Hill  series,  and  was  of  Cambrian  age ;  the  speaker  inclined  at 
present  to  the  latter  view. 

Prol  BoHHXT  observed  that  he  had  not  committed  himself  to  more 
than  two  series,  and  that  the  views  which  he  had  stated  in  his  paper 
had  been  founded  not  only  on  field-work  but  also  on  the  microscope. 
With  regard  to  the  minor  points  in  Prof.  Hughes's  paper,  he  thooght 
there  was  no  doubt  evidence  of  fragmental  structure  in  rock 
from  the  heart  of  the  Twt-Hill  mass;  he  did  not  think  that 
colour  was  of  much  importance  in  the  classification  of  felsite ;  and 
he  thought  that  the  Strict  N.E.  and  £.  of  Brithdir,  which  Prof. 
Hughes  said  he  had  not  worked  out,  was  the  most  important  part. 
He  thought  that  evidence,  both  in  the  field  and  with  the  microscope, 
showed  the  beds  of  the  Tairffynnon  district  to  be  very  different 
from  the  true  Cambrian  conglomerate;  and  that  the  grit  from 
Fachell  to  Beulah  Chapel  was  altogether  different  from  that  at 
Car^  goch — the  former  being  a  felsite-grit,  little  altered,  the  latter 
a  quartzite.  Lastly,  he  maintained  that  the  conglomerates  in  the 
grit  near  Twt  Hill  were  totaUy  different  from  the  Cambrian  con- 
glomerate, were  much  more  highly  altered,  were  in  true  sequence 
with  the  beds  below,  and,  so  far,  older  Uian  the  Cambrian  con- 
glomerate. 

Prof.  HuoHxs  pointed  out  that  Dr.  Hicks  had  mistaken  his  views. 
In  reply  to  Prof.  Bonney  he  stated  that  he  thought  that  the  im- 
portance of  working  out  a  true  sequence  among  the  beds  was  so 
great  as  to  warrant  him  in  carefully  studying  that  and  the  effect 
of  faults.  He  had  not  neglected  the  microscopic  characters  of  the 
rocks,  and  slices  of  all  the  more  doubtful  or  important  rocks  were  on 
the  table ;  but  his  chief  reliance  had  been  placed  on  the  behaviour 
of  the  great  masses  in  the  field. 
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53.  On  the  Silttbiah  Boon  of  the  VaMey  of  the  Clwtd. 
By  Prof.  T.  M'Esnft  Hughes,  MjL,  F.G.S.    (Read  May  14,  1879.) 

Ih  tlie  following  paper  I  offer  a  preliminary  sketch  of  the  l^oiian 
rocka  of  the  aou^em  and  western  part  of  the  Valley  of  the  Qwyd, 
and  an  attempt  to  correlate  the  details  witii  the  sequence  eetaUished 
elsewhere. 

In  the  northern  part  of  the  district  flaggy  shales  with  snhordinate 
more  sandy  beds  occur ;  and  though  fosals  are  abundant  at  Tarioiis 
horizons,  I  could  not  detect  any  group  so  marked  that  I  could  easilj 
trace  it  across  ihe  country  in  the  limited  time  at  my  deposal,  while 
the  endless  rolls  and  folds  made  it  difficult  to  determine,  even 
within  short  distances,  which  were  higher  and  which  lower  beds. 
A  foil  list  of  the  fossils  of  Llansannan  from  '^  beds  above  the  Denbigh 
grits  "  is  given  by  Salter,  Mem.  Gool.  Survey,  voL  iii. ;  but  I  think  it 
will  be  found  that  there  are  two  horizons,  both  well  up  in  the  Denbigh 
beds,  at  which  Grits  oocur,  and  that  the  Llansannan  fossiliferous  beds 
occur  between  them. 

At  Pontyrddol,  a  little  over  three  miles  W.S.W.  of  SL  Asaph, 
I  procured  the  following  fossils  in  a  black  and  grey  flaggy  sa^y 
shale: — Petraia  sp.,  Encrinite  stems,  Atrypa  reticularis^  Chmstee 
lata^  Leptama  minima  ?,  Orthie  elegantula,  Orthisy  sp.  (var.  of  de- 
gantula),  EhynchaneUa  naviculoj  Spirifera  elevata^  Siraphowtema 
depressa,  Pterinea  retroJUiccu 

On  Moel  Podia,  about  three  miles  to  the  south,  the  beds  arc  very 
fossiliferous;  I  obtained  the  following  from  various  small  openings 
near  the  top  of  the  hill : — 

List  of  fossils  from  Upper  Denbigh  Flags  of  Mod  Fodia,  Denbi^ 


Ctiona  prisca. 

Nebulipora  (Montioulipora). 

FavoBites  flbroeus,  Gokff* 

Crinoid  stems. 

Liobas,  sp. 

Atrypa  reticulariSi  Linn.  ?,  var.  with 

fine  lines. 
Meristella,  sp. 
Bhynchonella  naTicula,  Sow, 

nuoula,  Sow. 

Orthis  elegantula,  JkUm. 


Sinrifera  crispa,  His. 

oLeTata,  IXUm. 

Strophomena  foniculata,  M^Coy, 

depreasa,  Dakn. 

Leptiena  transrenalia^  Dalm. 
Oaidiola  interrupta,  Brod. 
Cucullella  antiqua,  Sow. 
Pterinea  tenuistriata,  M*Cojf. 

imbricata,  n.  sp. 

Cyrtooeras. 

Orthooeras  prim«?um,  For6e$. 


West  of  Denbigh  similar  beds  can  be  followed  rolling  into  the  hilla, 
the  Encrinite  flags  of  Nantglyn  being  apparently  pretty  high  in  the 
series.  South  of  lianrhaiadr  and  of  liy wesog  even-bedded  banded 
flaggy  shales  are  seen  at  intervals  here  and  there  all  the  way  up  to 
the  gritty  sandstones  of  PMdd&wr ;  and  in  the  next  valley  there  b 
a  very  clear  descending  section  from  Caregygath,  near  Moel  Gand, 
by  Cyffylliog  along  the  Cly wedog  into  the  Vale  of  Clwyd. 

On  the  top  of  Pfriddfawr  (see  fig.  1)  opposite  Mod  Ganol  we  find 
a  pale  grey  sandy  mudstone,  massive  were  it  not  for  cleavage,  with 
the  bedding  generally  obscure.     Under  this  are  grey  tough  beds  of 
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sandatone  a  few  inches  thick  in  dark  grey  shale.  Some  concretionary 
masses  are  marked  by  bands  of  colour  due  to  infiltration  from  joint- 
surfaces  like  the  Whetstones  of  Houghton  in  Yorkshire,  but  they  are 
not  red  in  the  Ffriddfawr  rock.  The  shale  weathers  into  a  fine  rab. 
Below  these  are  tough,  grey,  thin-bedded,  waTy,  banded,  concretionary 
mudstones,  fdll  of  holes  such  as  are  sometimes  left  by  the  decom- 
posing out  of  fossils  like  Nebulipora.  Encrinites  occur  in  the  concre- 
tions. There  is  nothing  very  distinctiTe  about  tiiese  beds ;  but  they 
agree  very  well  in  all  their  characters  with  the  base  of  the  Coniston 
Grit.  We  find  now  a  clearer  section;  and  after  crossing  near 
CyffyUiog  alternations  of  paler  and  darker  banded  sandy  mudstooe 
and  grey  sandstones,  agreeing  very  well  in  character  with  Uie  passage- 
beds  from  Coniston  Giit  to  Coniston  Flags,  we  come,  near  Pontuchaf, 
to  foesiUferous  flags  with  subordinate  thicker  and  more  sandy  beds. 

These  can  be  seen  in  descending  section  along  the  sides  of  the 
valley,  and  in  the  bed  of  the  stream  to  near  Berth,  where  tiiey  are 
cut  off  by  a  fault  which  brings  the  basement  beds  of  the  Carboniferous 
against  them  on  the  £. 

Measuring  from  the  base  of  the  grits  near  CyfiyUiog,  there  must 
be  about  4000  feet  of  beds  to  be  referred  to  this  group.  Fossils 
occur  at  the  various  horizons  indicated  on  the  section. 

In  the  cutting  N.  of  Hengoed  I  observed  the  following : — 


Bnoriiiitef 
MonograptuB,  sp. 
Atrypa  retioiUaria,  Lkm, 
BhynohonellA  navicula,  Sow, 


Bhynofaonella  nuooK  Sow, 

Oardiola  intomipta,  Brod, 
Orthooena  prinuerum,  Forhe$, 


At  Pontuchaf  the  following  occur : 


Orthis,  tp.  (jhr,  of  0.  eimtUula). 
Bhynobaiidla  usticuIa,  Sow, 

Duoula,  Sow, 

» "P* 

8trophomena  depressa,  Ddm, 
Qrthooerat  primcTum,  Forbes, 


Monticulipora^probably  the  "Cuthion- 

hke  oonl*'  of  Salter. 
Bnorinite  * iemt. 
Atrypa  reticaUriB,  Linn, 
Chonetes  lata,  Von  Buck, 
OrthiB  el^gantula,  Daltn, 

From  the  valley  of  the  Cly  wedog  (see  fig,  1)  the  flags  can  be  traced 
S.W.  to  the  upper  waters  of  the  Clwyd  in  a  generally  descending 
section  as  they  turn  up  on  the  8.,  till  on  Gkurwfynydd  we  come  to 
tough  grey  gritty  sandstones  cropping  out  from  below  the  flags,  and 
forming  a  marked  feature  across  the  country.  Below  these  grits, 
which  are  probably  on  the  horizon  of  the  Penyglog  Orits  of  Corwen, 
and  the  Austwick  Grits  of  Yorkshire,  there  are  more  flags,  pasBing 
down  into  pale  slates,  which  rest  on  grey  gritty  sandstones  with 
wavy  bands  in  parts.  These  last  appear  to  be  the  equivalents  of  the 
Corwen  Grit*.  They  are  well  seen  about  |  mile  8.  of  Bod  Benail, 
where  they  are  the  cause  of  a  series  of  smidl  waterfalls. 

After  some  curves,  as  if  in  a  struggle  to  run  into  the  Dee  bj 
Bettws  y  Gwerfilgoch,  the  Clwyd  is  turned  back  and,  making  an 
angle  of  about  70""  with  its  former  course,  crosses  the  same  series  of 
beds  again,  and  running  over  the  Corwen  Grits  under  the  dd  camp 

*  Quart.  Juum.  G^l.  Soc.  toI.  xxxiii.  p.  207. 
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called  Dinas,  gets  on  to  the  Denbigh  Flags  less  than  a  mile  W.S.W. 
of  Derwen  Station  (see  fig.  2). 

The  sneoession  is  better  seen  here  than  in  the  Bod  Benail  section. 
To  describe  the  beds,  as  in  the  case  of  fig.  1,  in  descending  order,  at 
Derwen  Station  we  have  the  Denbigh  flags,  the  eqaiyalent  of  m  in 
fig.  1.  These  can  be  followed  along  the  hill-side  and  river-bed  by 
Meiarth,  dipping  on  an  average  about  20^  to  30°  E.S.E. 

About  \  xnile  W.  of  Meiar^  gritty  sandstones  similar  to  those  on 
Oarwfynydd  crop  out.  They  are  thrown  down  to  the  level  of  the 
stream  by  a  small  fault  along  which  a  trial  has  been  made  for  lead. 
In  the  flags  immediately  W.  of  the  fault  I  found  MongraptunMnnerimu. 
These  flags  have  several  subordinate  beds  of  sandstone,  espedaUy  in 
the  lower  part  where  they  pass  into  the  pale  slates. 

The  pale  slates  are  well  seen  in  the  banks  of  the  Glwjd  near 
Olynbach,  and  in  the  little  stream-course  running  down  from  degyT- 
mawr,  a  considerable  way  below  the  position  assigned  to  them  on  the 
Survey  map.  They  condst  of  alternations  of  light-grey  wavy  banded 
sandstones  and  pale  pasty  and  sandy  mudstones  with  darker  bands. 
In  the  lower  jmrt  there  are  black  bands  from  2"  to  6"  thick  con- 
taining a  group  of  Qraptolites,  which,  with  the  exception  of  Jfono- 
graptus  cohnuSf  are  common  forms  in  the  Graptolithic  mudstones  of 
the  Lake-district. 

The  Qraptolites  I  found  were : — 

MonogmptuB  oonTolutua,  His,               i    Monogn^ui  tenuis,  PortL 
triangularis,  Harkn,  \    colonuB,  Burr. 

The  Ck)rwen  Grit  comes  out  from  below  t^e  pale  alatea  and 
occupies  all  the  high  ground  to  the  W.  A  small  fault  crosses  the 
Clegyrmawr  stream  obliquely,  and  has  been  followed  for  lead,  which 
seems  to  occur  principally,  if  not  exdusively,  where  the  sandstones 
are  faulted  together.  The  workings  do  not  appear  to  have  pierced  beds 
older  than  the  Corwen  Grits ;  and  in  the  waste  rock  carried  out  oi 
the  level  I  found  an  obscure  head  of  an  Ulcmus. 

On  the  whole,  therefore,  it  seems  dear  that  we  have  here  a  base- 
ment series  for  the  Silurian  corresponding  in  all  its  details  to  the 
base  of  the  Silurian  made  out  in  Yorkshire  and  Westmoreland ;  and 
that  here  also,  as  near  Corwen,  some  of  what  has  been  included  in  the 
Bala  must  now  be  referred  to  the  May-HUl  Sandstone  and  higher 
beds. 
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54.  On  tlu  Gbological  Aob  of  the  Rooks  forming  the  Soitthsrn 
HiOHLAinNi  of  Irblakd,  generally  knoum  as  <'Thb  DnroLS 
Beds"  and  ^'GLENeABiFF  Obits  and  Slates''  (Jukes).  By 
Professor  Edwabd  Hull,  LL.D.,  F.R.S.,  F.G.8.,  Director  of  the 
Geological  Survey  of  Ireland.    (Read  April  9, 1879.) 

OOHTBNTS. 

I.  Introduction. —  Views  of  previous  authors,  Charles  W.  Hamilton,  Thomat 
Weaver,  Sir  B.  Griffith,  Bey.  Prof.  Haughton,  Professor  J.  B.  Jukes, 
and  J.  W.  Salter,  G.  V.  Du  Noyer,  John  Kelly,  Sir  B.  I.  Murdiison, 
The  G^logioal  Surrej  of  Ireland. 

II.  Reexamination  of  Sections,  Dingle  Promontory — succession  of  beds.  Bvi- 
denoe  from  fossils.  Parkmore-Point  conglomerate.  KiUamey,  Ken- 
mare,  Sneem,  and  Glen^riff  districts.  Supposed  conformity  of  the 
Glengariff  series  and  the  Oarboniferoos  beds  not  proyen. 

IIL  Co^mriaon  with  Sections  m  Oakcay  and  Mayo.  Upper  Silurian  Books  of 
West  Galway  and  Mayo.  Table  of  representatiye  beds.  Volcanic  rocks. 
Plant-remains. 

IV.  Relations  qf  the  Upper  Silurian  series  of  the  South-west  of  Ireland  to  those 
of  the  Silurian  region  of  England.  Table  of  supposed  representatiye 
beds.  Oonclurions  from  aboTC. 
V.  Relations  of  the  Old  Red  Sandstone  to  the*'  Dingle  beds  ^c.**  Lower  and 
Dpner  Old  Bed  Sandstone  of  the  South  of  Ireland.  Suggested  relations 
to  the  Deronian  rocks. 

VI.  General  conclusions. 

I.  IirrBODTJcnov. 

The  geological  age  of  the  formations  which  rise  into  the  highest 
elevation  in  the  South  of  Ireland,  and  form  the  central  masses  of  the 
promontories  which  jut  out  far  into  the  Atlantic  in  the  counties  of 
Kerry  and  Cork,  has  been  long  a  subject  of  controversy.  They  have 
been  referred  by  successive  authors  to  the  Silurian,  Devonian,  and 
Old  Red  Sandstone  periods.  While  I  would  refrain  from  speaking 
dogmatically  on  a  question  which  may  be  incapable  of  absolute 
demonstration,  I  wish  to  place  before  the  Society  the  reasons  which 
have  induced  me  to  agree  with  those  who  have  referred  these  beds 
to  the  Upper  Silurian  age.  Before  proceeding  to  the  discussion  of 
those  points  which  seem  to  me  to  bear  directly  upon  the  question  at 
issue,  I  will  briefly  notice  the  views  expressed  by  previous  authors 
on  the  subject. 

Views  of  Previous  Authors.* 

1838.  In  this  year  Mr.  Charles  W.  Hamilton,  in  a  paper  entitled 
"  An  Outline  of  tiie  Geology  of  part  of  the  County  of  Kerry  "  t,  de- 
scribed the  coast  sections  of  the  Dingle  promontory,  noticing  the 
beds  with  Silurian  fossils  and  the  overlying  slates  and  grits,  and 

*  A  fuller  account  of  these  views  than  that  here  presented  was  drawn  up  by 
the  author,  but  by  order  of  the  Goundl  it  has  been  curtailed, 
t  Joum.  GeoL  Soc.  Dubl.  vol.  i.  (1838). 
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identified  them  with  the  rocks  which  form  the  Reeks  and  Glengariff 
ranges. 

1838.  Mr.  Thomas  Weaver,  in  a  memoir  '^  On  the  Geological  Be- 
lations  of  the  South  of  Ireland*'*,  described  the  rocks  forming  ihe 
mountains  of  Ck)rk  and  Kerry  under  the  old  name  of  **^  Greywacke 
and  slate  of  the  Transition  series." 

1839.  8ir  Richard  Griffith,  in  presenting  his  Geological  map  of 
Ireland  to  the  Geological  Society  of  Dublin,  also  read  a  paper  on 
the  principle  of  colouring  adopted  in  the  above  map,  and  on  the 
geological  structure  of  the  South  of  Irelandf,  in  which  he  refws  to 
the  discovery  of  numerous  Silurian  fossils  in  beds  in  the  Dingle 
promontory,  notices  the  discordant  superposition  of  the  Old  Red 
Sandstone  on  the  clayslate  of  Dingle,  and  expresses  the  opinion  that 
'*  eventually  the  greater  part,  if  not  the  whole,  of  the  schistose  rocks 
of  the  counties  of  Cork  and  Kerry  "  will  prove  to  be  Silurian. 

1845.  Mr.  C.  W.  Hamilton,  in  a  paper  "  On  the  Rocks  in  the 
neighbourhood  of  Killamey  *'t,  contended,  in  opposition  to  ^  R. 
Griffith,  that  those  of  the  Killamey  and  Dingle  mountains  are  not 
Silurian  but  of  Devonian  age.  To  this  paper  Sir  Richard  replied  in 
the  same  year§ ;  and  in  1855,  in  the  seconde  dition  of  his  geological 
map  of  Ireland,  the  beds  forming  the  western  portion  of  the  Dm^e 
promontory,  and  the  mountainous  tracts  of  Kerry  and  Cork,  ars 
coloured  and  lettered  as  ^'  Silurian/'  and  described  as  '^  chloritio  or 
brownish-grey  quartzite  or  agglomerate,  occasionally  altemadng 
with  green  and  purple  slate." 

1856-7.  Prof.  Haughton  ||,  Prof.  J.  Beete  Jukes,  and  Mr.  Salterf 
discussed  the  classification  of  the  Devonian  and  Carboniferous  rocks, 
the  latter  authors  contending  for  the  collocation  of  the  Yellow  Sand- 
stone with  Knorria  cUcJiOtoma,  Anodon  Jukesii^  &c.  with  the  nppct 
part  of  the  Old  Red  Sandstone.  In  1857,  also,  Mr.  G.  V.  Du  Noyer 
gave  a  minute  description  of  the  rocks  of  the  Killamey  district**, 
and  assumed  the  purple  and  green  slates  and  grits  to  be  of  Lower 
Old  Red  Sandstone  age. 

1858.  Sir  Richard  Griffith  again  took  up  the  question  in  his 
'*  Notes  on  the  Stratigraphical  Relations  of  the  Sedunentary  Rooks 
of  Uie  South  of  Ireland  "ft,  in  which  he  indicates  that  the  base  of 
the  Old  Red  Sandstone  may  be  recognised  in  the  Din^e  promontofy 
with  the  same  unconformity  to  the  underlying  rocks  as  in  other 
cUstricts  examined,  but  that  the  beds  with  Upper  Silurian  fossils  at 
the  extreme  west  of  the  promontory  pass  up  directly  into  the 
'*  Glengariff  grits ; "  and,  considering  the  discordancy  betwee!i  these 
and  the  Old  Red  Sandstone,  he  had  no  longer  any  hesitation  in  re- 
garding the  Glengariff  beds  as  belonging  to  the  Silurian  system. 
These  opinions  are  supported  by  Mr.  J.  KeUy  in  a  paper  **  On  the 
Graywacke  Rocks  of  Ireland  as  compared  with  those  of  England  **  tX. 

•  Tran§.  G«ol.  See  2nd  Ber.  vol.  t.  (1840). 

t  Joum.  Geol  Soo.  Dubl.  toL  ii.  p.  78  (1843). 

t  Ibid,  ToL  iii.  p.  134  (1845).  §  Ibid.  toL  iii  p.  15a 

i  iWrf.  vol.  Ti.  p.  227  (1856).  f  Ibid,  toL  rii.  p.  63  (1867). 

•*  Ibid,  vol.  vii.  p.  97.  tt  Ibid,  toL  riii.  p.  2  (1858). 

tt  Ibid,  vol.  viii.  p.  251  (1858). 
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1867.  Prof.  Jukes,  in  a  paper  comparing  the  rooks  of  the  South- 
west of  Ireland  with  those  of  Derbnahire,  admits  that  the  Dingle 
beds  seem  to  be  physioally  more  connected  with  the  Upper  Silurian 
than  with  the  Old  Bed  Sandstone*. 

In  this  year  also  Sir  Boderick  Murohison,  in  the  fourth  edition 
of  *  SQuria '  (p.  178),  after  describing  the  conformable  upward  pas- 
sage of  the  Dingle  beds  with  Silurian  fossils  into  the  "  Glengariff 
grits  and  schists,"  maintains  that  the  latter  represent  *'  those  slates 
and  grits  which  in  Germany,  Belgium,  and  North  Deron  form  the 
lowest  portion  of  the  Deronian  system.'' 

In  the  maps  and  explanatory  Memoirs  of  the  Geological  Surrey 
of  Ireland  the  *^  Glengariff  grits  and  slates,"  which  are  the  represen- 
tatiyes  of  the  **  Dingle  beds,"  are  coloured  and  described  as  Old  Bed 
Sandstone ;  but  in  the  Dingle  promontory  these  beds  are  separated 
from  the  Old  Bed  Sandstone,  and  are  coloured  reddish  brown.  This 
is  ex^ained  by  Trot  Jukes  to  be.  due  to  the  fact  that  while  the 
boundary  line  of  the  "  Dingle  beds  "  is  quite  distinct  in  the  Dingle 
promontory,  it  was  found  impossible  to  draw  any  corresponding  line 
elsewhere.  He  ^therefore  i^ought  it  best  not  to  prejudge  the 
question." 

IL  BmtTAimfAnoy  of  thb  Sections. 

From  the  aboye  abstracts  and  notices  of  authors  it  will  be  seen 
that  the  opinions  regarding  the  age  of  the  Glengariff  grit  and  slate 
series  are  yarious.  We  might  almost  say  *^  yuot  hcmineB  tot  senUntia** 
All  are  agreed  that  the  beds  form  a  group  intermediate  between  Old 
Bed  Sandstone  above  and  Upper  Silurian  beds  below;  by  some 
authorities  they  are  classed  with  the  Upper  Silurian,  by  others  with 
tiie  Deronian,  by  others  with  the  Lower  Old  Bed  Sandstone.  Be  it 
recollected,  however,  that  as  fSar  back  as  1839  the  late  Sir  ^chard 
GFriffith  expressed  Us  opinion  that  this  series,  together  with  the 
aalgacent  fbssiliferous  Silurian  beds,  would  eventually  prove  to 
be  of  Silurian  age.  This  view  he  subsequently  illustrated  and  en- 
forced; and  Prof.  Jukes  admits  that  '*  theoretically  it  is  the  better  of 
the  two"  alternatives  between  Silurian  and  Old  Bed  Sandstone. 
I  have  never  been  able  to  understand  exactly  why  it  has  been 
departed  from  by  other  observers.  For  myself,  I  not  only  concur 
in  this  view  upon  the  grounds  which  he  has  advanced,  but  I  hope 
to  be  able  to  adduce  in  this  paper  evidence  additional  to  any  yet 
offered  in  its  &vour. 

The  question  having  been  confessedly  left  an  open  one  by  my 
predecessor,  and  subj^  to  further  investigation,  I  obtained  the 
pemussion  of  the  Directer-General  to  reexamine  the  sectbns  in 
Kerry  and  Cork  likely  to  throw  light  upon  it;  and  in  company  with 
Messrs.  J.  O'Eelly,  Senior  Geologist,  and  Mr.  A.  M'Henry,  Assistant 
Geologist,  I  made  a  tour  of  the  district  during  the  month  of 
September  1878. 

We  first  visited  the  sections  in  the  Dingle  promontory  f,  then 

«  Joam.  Boj.  OmI  Soa  Irel  vol  i  p.  105  (1867). 

t  In  thif  fint  dirtriot  Ur,  M^Haoit  wm  mj  onlj  oompMUon,  m  Mr. 
CKelly  did  not  join  ut  Ull  wa  resdied  Kaiaraej. 
Q.  J.  G.  S.  No.  140.  3  b 
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those  in  the  neighbourhood  of  Killamey,  next  tihose  of  Kenmara, 
and  lastly  those  south  of  GlenQgariff.  I  shall  briefly  describe  tiw 
results  of  our  examination  of  Uiese  districts  in  the  order  abore 
named.  A  detailed  description  will  be  unnecessary,  so  mudi  haTing 
already  been  written  on  the  subject  by  authors  already  quoted,  s« 
well  as  by  the  officers  of  the  Survey. 

a.  DingU  Section,  (Figs.  1  &  2.) 
The  whole  series  is  admirably  laid  open  in  the  coast  cliflfe  extend- 
ing from  Sybil  Point  to  Slea  Head,  a  distance  of  six  miles.  The 
bottom  beds  are  probably  of  Llandovery  age,  upon  which  follow 
representatives  of  the  Wenlock  and  Ludlow  beds  as  far  aa  Clogher 
Bay.  Owing,  doubtless,  to  a  large  fault,  these  beds  are  repeated 
to  the  south  of  Clogher  Head,  where  they  form  a  section  of  a  dome 

rig.  1. — Section  along  the  Western  Coast  of  Dingle  Promontory^ 
showing  the  connexion  of  the- DingU  Beds  with  the  fossiUferous 
Silurian  below, 

v.  urn  YftUow  B, 

Carhoo.  Cove.      Dooquin.       Cove. 


a.  Slates  &e.  with  fossils  (Wenlock). 

b.  Beds  of  Toloanio  aah  and  la1>illi,  with  felstone  and  bands  of  slate. 
e.  Purple  slate  and  breooiated  beds. 

d.  Fine-mined  purple  grits  and  slates,  passing  up  into  grey  and  yellow  slates 

and  calcareous  sandstones  with  Luolow  and  Wenlodt  fossils. 

e.  Grey  and  brown  and  purple  slates  and  concretionary  sandstones. 

*  Fossihferous  localities.  t  Supposed  base  of  Din^  bedsw 

or  inversion,  as  represented  on  the  horizontal  section  prepared  by 
Mr.  Du  Noyer.  Nevertheless  from  Carrigcam,  opposite  Carhoo, 
southwards  there  is  an  unbroken  section  commencing  with  the  re- 
presentatives of  the  Wenlock  beds  up  into  the  Glengariff  grits  of 
Mount  Eagle  and  Slea  Head,  which  strike  across  the  intervening 
sound  into  Great  Blasket  Island.  This  section,  which  has  been  very 
carefully  measured  and  observed,  shows  a  thickness  of  about  10,000 
feet  of  strata,  and  is  as  follows,  adopting  the  designation  of  the  beds 
as  given  by  the  Geological  Survey : — 

Section  in  Dingle  Promontory, 
(Beds  in  descending  order.) 

Old  Red  Sandaione  and  Conakmerate  resting  discordantly  on  several  of  the 
underlying  beds  (SybU  Head,  Einard  Hill,  BuU^s  Head,  Ac). 

(\,  Bed  and  purine  slates  of  Yentry  and  Dindb 
Harbour,  surmounted  by  conglomo^te  of  Pm- 
more. 
"  Dingle  beds.'*  \  2.  Glengariff  grits. — Hard  massire  greenish  and  par* 
pie  grits,  sometimes  pebbly,  and  containing  fiaggy 
and  ripple-marked  beds. 
3.  Purple  and  greyish  slates  with  bands  of  grit  inter* 
stratified. 
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"  Pa88Bffe-bedt. 
(Monmison.) 


'  Oroaghmarin  bedB.' 

(Ludlow?) 
(About  1000  feet.) 


*•  Ferriter's  Core  bedB." 

(Dunquin  Bay.) 

(Wenlock.) 

Volcanic 
Series. 

"  Smerwick  beds.*' 

(Smerwick  Harbour.) 

2000  feet. 


[  Ghreeniih-grey  fine-grained  grita  with  bands  of  slate 

i     resting  on  grey,  brown,  and  purple  slates  and  con- 

[     oretionary  sandstones. 

^Grey,  purple,  and  brown  rough  slates  (cleayage  and 
dip  coincident). 
Purple  and  grey  slates  passing  down  into  brownish 
and  ereyish  cleaved  slates  ana  calcareous  grits  with 
fo8si&,  Atrypa  reticularis,  Pentamerua  KniffhHi, 
RhynchoneUa  furcata^  Stropkomena  depressa,   Or- 

I      thoceras  annulatum,  &c.* 

^Fine-grained  yellowish  grits  and  sharp  slates,  with 
grey  shales  and  brown  fossiliferous  sandstones, 
passing  down  into  fine-grained  purple  grits  and 
slates,  weathering  with  cavities,  with  a  base  of 
purple  brecdated  bedst. 
Beds  of  purplish  ash,  lapilli,  and  sgglomerate,  some- 
times finely  laminated  and  traversed  by  cleavage- 
planes  ;  with  these  are  several  beds  of  sUte. 
Purplish,  brown,  green,  and  yellow  sandstones  and 
flags  with  bright  red  shales.  No  fossils,  possibly 
of  '*  Llandovery  "  age. 


The  above  section  exhibits  not  only  a  gradual  passage  from  the 
tinfossiliferons  "  Dingle  beds  "  into  Upper  Silurians,  but  an  inter- 
calation of  these  beds  themselves  throughout  a  thickness  of  1500  or 
2000  feet.  The  purple  slates  and  grits  shown  in  the  section  from 
Dunquin  Inlet  southwards,  and  lying  well  below  the  fossiliferous 
beds,  are  in  no  way  different  from  the  purple  slates  and  grits  which 
lie  above  the  highest  fossiliferous  band.  So  much  is  this  the  case 
that,  for  some  time,  these  beds  were  classed  by  Mr.  Du  Noyer  with 
*•  the  Dingle  beds  "  until  the  discovery  of  the  fossiliferous  band 
above  them,  when  the  boundary  was  shifted  further  up.  It  is  quite 
open,  however,  to  any  one  to  say  that  the  one  view  is  as  correct  as 
the  other,  and  that  the  uppermost  known  fossUiferous  band  in  the 
"  Croaghmarin  beds  "  is  to  be  included  in  the  "  Dingle  series." 

Another  section,  showing  the  passage  from  ^*  the  Dingle  beds  '^ 
into  the  fossiliferous  Silurians,  is  shown  on  the  northern  or  western 
flanks  of  Mount  Eagle,  in  a  brook-course  which  descends  towards 
Dunquin  National  School.  The  section  is  as  follows  (beds  in  de- 
scending order) : — 


n. 


Dingle  and 
Passage-beds. 


Upper  Silurian 
beds. 


Several 


Purple  rough  slates,  with  bands  of  greenish  grit, 
hundred  feet  in  thickness. 
2.  Thin-bedded  light-brown  sandstones.    5  feet. 
<{  3.  Bvenly-bedded  bluish-green  and  purple  flagstones  and 
tiles.    20  feet 

4.  Yellowish  flne-grained  sandstones,  micaceous,  weathering 

yellow  or  brown.    25  feet. 

5.  Beds  not  seen  (probablv  shales). 

6.  Calcareous  grits,  weathering  brown,  with  Upper  Silurian 

fossils. 


In  this  section,  as  in  the  larger  one  along  the  coast,  there  is  no 

*  Explanation  to  sheets  160,  161,  171  of  the  Geol.  Survey  Maps,  p.  13. 

t  These  beds,  several  hundred  feet  in  thickness,  hare  an  exact  resemblance 
to  the  purple  slates  of  the  "  Dingle  beds,"  from  which  they  are  separated  by  the 
foesihferous  "  Oroaghmarin  beds." 

3b2 
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break  or  evidence  of  disoordance  in  the  succession  of  the  beds ;  on 
the  contrary,  the  change  is  gradual,  with  intercalations,  and  the 
whole  series  gives  evidence  of  continuity. 

In  fine,  after  a  careful  observation  of  the  sections  near  Dunquin, 
we  came  away  fully  impressed  with  views  r^arding  the  relations  of 
these  beds  similar  to  those  expressed  by  the  late  Sir  B.  Griffith,  that 
the  whole  series  is  one  and  indivisible,  and  represents  the  Upper 
Silurian  beds  from  the  base  throughout. 

Evidence  of  Age  from  Fossils, 

I  have  already  stated  that  the  uppermost  fossiliferous  band  in  the 
coast-section  at  Dunquin  might  be  regarded  as  occurring  in  *'  the 
Dingle  series,**  as  the  purple  slates  which  underlie  it  are  precisely 
similar  to  those  which  overlie  it,  and  are  supposed  to  belong  to  the 
"  Dingle  series."  Except,  however,  for  the  presence  in  the  beds  of 
purple  slate  of  remarkable  "  facoidal "  markings,  it  must  be  admitted 
that  the  Dingle  beds  and  GlengarilE  grits  and  slates  are  lamentably 
destitute  of  fossil  forms.  It  must  be  recollected,  however,  that  the 
strata  are  not  favourable  to  the  preservation  of  such  forms,  even 
supposing  they  once  existed ;  and  we  have  only  to  refer  to  some  well- 
known  marine  formations  of  similar  composition  to  feel  assured  that 
the  absence  of  fossil  forms  is  no  argument  against  the  marine  origin 
of  the  Dingle  beds.  For  example,  it  is  rarely  that  any  traces  of 
fossils  are  found  in  the  '*  Bala  and  Caradoc  "  grits  and  slates,  which 
occupy  so  large  an  area  of  the  north-east  of  Ireland.  The  fossils 
which  occur  are  sporadic  and  local,  but  hundreds  of  feet  of  strata 
may  be  examined  over  many  square  miles  without  rewarding  the 
search  of  the  collector. 

Another  very  apposite  illustration  occurs  in  the  case  of  the  "  Morte 
Slates  "  of  the  Devonian  series,  attaining  a  thickness  of  from  3000  to 
4000  feet  in  the  Devonshire  section,  and  succeeding  the  highly 
fossiliferous  beds  of  the  "  Dfiracombe  group."  These  slates  are  un- 
fossiliferous ;  but  it  is  improbable  tibat  they  have  not,  like  the 
beds  below  them,  been  deposited  in  the  sea.  Many  other  instances 
might  be  cited  in  support  of  the  view  that,  notwithstanding  the 
absence  of  marine  fossils,  the  beds  we  are  considering  may  really  be 
of  marine  origin.  Before,  however,  we  admit  that  the  Dingle  beds 
are  really  destitute  of  fossils,  let  us  consider  the  evidence  offered  by 
the  Parkmore-Point  Conglomerate. 

Parkmore-Point  Conglomerate. 
Amongst  the  highest  beds  of  the  Dingle  series  there  occur  some 
massive  conglomerates  forming  the  cliffs  at  the  entrance  to  Yentry 
and  Dingle  harbours,  and  particularly  well  laid  open  at  Parkmore 
Point.  The  pebbles  are  large,  well  rounded,  and  formed  of  various 
kinds  of  grit,  quartz,  homstone,  fragments  of  purple  slate  (or  schist), 
white  ash,  vesicular  greenstone,  and  purple  fossiliferous  limestone, 
or  highly  calcareous  grit.  From  some  of  the  pebbles  Silurian  fossils 
were  determined  by  Mr.  Salter  in  1856*. 

»  "Explanation"  of  sheets  160,  161  &o.,  of  the  Maps  of  the  Geological 
Surrey,  p.  24. 
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Some  of  these  fossils  range  upwards  from  the  Caradoc  or  Bala 
stage ;  but  the  majority  are  solely  Upper  Silurian  forms,  ranging 
from  the  Llandovery  to  the  Ludlow  stages. 

On  examining  the  specimens  in  the  collection  of  the  Oeological 
Survey,  it  appeared  to  me  that  the  fossiliferous  portions  of  the  rock 
were  curiously  mixed  up  with  fragments  derived  from  metamorphie 
strata,  such  as  quartz,  mica-schist,  &c.,  with  which  they  could  have 
no  connexion.  There  can  be  no  diflSculty  in  accounting  for  the 
presence  of  such  pebbles,  as  all  the  rocks  older  than  the  Llandovery 
stage  are  metamorphosed  in  the  west  of  Ireland,  and  they  probably 
formed  the  land-surfaces  of  the  Upper  Silurian  period*.  But  how 
are  we  to  account  for  masses  of  coral,  broken  shells,  and  crinoids  of 
Upper  Silurian  age,  in  company  with  such  rolled  and  transported 
blocks  ?  Many  of  these  fossiliferous  masses  are  angular,  friable,  and 
evidently  not  far  removed  from  their  original  position.  They  could 
not  have  been  derived  from  the  fossiliferous  Upper  Silurian  beds 
which  crop  out  on  the  north-west  coast,  because  these  were  buried 
underneath  by  several  thousand  feet  of  conformable  strata.  The  con- 
clusion, therefore,  that  I  have  come  to  regarding  their  presence  is 
that  they  were  really  formed  in  situ^  in  immediate  proximity  to  the 
place  where  they  are  found,  but  have  been  loosened,  drifted,  and 
somewhat  broken  up  by  the  current-action,  which  carried  the 
pebbles  of  older  metamorphosed  rocks,  and  strewed  them  over  the 
sea-bottom. 

I  may  add  that  the  occurrence  of  this  conglomerate  is  not  re- 
garded by  Sir  B.  Griffith  as  an  obstacle  to  the  acceptance  of  the  view 
of  the  Silurian  age  of  the  "  Dingle  beds."  He  remarks,  "  Cases  of 
derivative  rocks  sometimes  occur  in  the  same  continuous  series ;  and 
such  cases  are  rather  to  be  expected,  if  we  suppose  the  existence,  at 
points  not  far  distant,  of  the  contemporaneous  operation  of  agencies 
of  denudation  and  deposition  "f.  On  the  whole  it  is  impossible  to 
suppose  that  these  fossiliferous  fragments  could  have  come  from 
strata  of  the  Llandovery  and  Wenlock  stages,  which  were  buried 
under  several  thousand  feet  of  these  same  "  Dingle  beds,"  both  forma- 
tions being  conformable. 

b.  KUlarney^  Kenmare,  Sneem^  and  Olengariff  districts. 

That  the  main  mass  of  the  Dingle  beds  reappears  in  the  promon- 
tories of  Iveragh,  Dunkerron,  and  Bear,  rising  into  the  highest 
elevations  of  the  south-western  highlands,  is  now  universally  ad- 
mitted, and  cannot  be  questioned.  The  rocks  are  similar  in  cha- 
racter, consisting  of  hard  massive  green  grits,  sometimes  conglome- 
ratic, surmounted  by  great  beds  of  purple  slate  with  bands  of  griU 
Whatever,  therefore,  may  be  the  age  of  the  Dingle  beds  in  the 
promontory  of  Dingle,  such  wiU  it  be  in  the  districts  of  KUlamej, 
Kenmare,  and  Glengariff. 

A  difficulty  has,  however,  been  experienced  by  both  Griffith  and 
the  Geological  Surveyors  in  the  attempt  to  separate  theee  beds  frcvm 

♦  See  *  Phyaical  Geologv  and  Geography  of  TpeUnd,*  pp.  21-35. 
t  Journ.  Geol.  Soc.  Dubl.  vol.  Tiii.  p.  11. 
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the  Old  Bed  Sandstone  in  the  Eenmare  and  Glengariff  districts.  In 
the  Dingle  promontory,  as  has  heen  stated,  the  Old  Bed  Sandstone 
is  in  the  highest  degree  unconformable  to  the  Silurian  and  *'  Dingle 
beds ;"  but  it  has  been  supposed  that  in  the  districts  south  of  Dingle 
Bay,  there  is  a  gradual  passage  from  "  the  Dingle  beds"  (Glengariff- 
grit  series)  up  into  the  Old  Bed  Sandstone  and  Carboniferous  series. 
On  this  account  it  was  found  impossible  to  draw  a  boundary  be- 
tween the  Old  Bed  Sandstone  and  Olengariff-grit  series,  and  the 
whole  is  coloured  "  OJd  Bed  Sandstone"  on  the  Survey  maps*. 
Again,  in  the  words  of  Griffith,  the  matter  is  thus  stated : — ^*  Here, 
at  the  very  threshold,  we  are  apparently  met  with  an  insurmount- 
able difficulty,  and  that  is,  that  we  actually  find  the  Glengariff  grits 
gradually  conforming  upwards,  not  only  into  the  Old  Bed  Sandstone 

but  also,  as  a  matter  of  course,  conforming  to  the  plant-beds 

of  the  Yellow  Sandstone,  such  as  those  of  the  Coomhola  or  Boughty 
rivers,  as  well  as  to  the  Carboniferous  slate,  the  Lower  and  Upper 
Limestone,  and  the  Coal^t.  Certainly,  if  this  "  apparently  "  con- 
formable passage  was  a  reality,  it  would  present  a  very  strange  and 
unusual  phenomenon  in  geological  science ;  for  it  would  amount  to 
this,  that  within  the  short  distance  across  Dingle  Bay  we  should 
have  two  formations,  on  one  side  in  the  highest  degree  discordant 
to  one  another,  and  on  the  other,  concordant,  and  passing  insensibly 
the  one  into  the  other.  On  the  first  consideration,  therefore, 
the  supposition  is  very  improbable,  because  it  may  well  be  ques- 
tioned if  such  an  amount  of  disturbance  and  denudation  as  took 
place  between  the  formation  of  the  "  Dmgle  beds  "  and  the  Old  Bed 
Sandstone  could  be  confined  to  the  narrow  space  of  the  Dingle  pro- 
montory. As  a  matter  of  fact,  however,  I  believe  the  supposition 
is  entirely  groundless,  and  arises  from  the  resemblance  which  exists 
between  the  upper  part  of  the  Old  Bed  Stmdstone  and  the  upper 
beds  of  the  "  Dingle  "  or  "  Glengariff-grit "  series. 

Fmr  the  purpose  of  investigating  this  question,  my  colleagues  and 
I  visited  the  sections  on  both  sides  of  the  Boughty  river  at  Eenmare, 
also  at  Sneem,  which  lies  about  twelve  miles  west  of  Eenmare,  on 
the  northern  shores  of  Eenmare  Bay,  and  lastly  at  Glengariff;  and 
we  ultimately  arrived  at  the  conclusion  that  at  all  these  points  the 
Lower  Carboniferous  beds  rest  directly  upon  the  **  Glengariff "  or 
"  Dingle  beds,"  the  Old  Bed  Sandstone  being  altogether  absent.  If 
this  be  so,  there  can  be  no  such  passage  as  that  supposed ;  on  the  con- 
trary, there  is  a  wide  hiatus^  a  whole  formation  being  absent  at  the 
Hne  of  junction.  I  shall  now  give  a  brief  account  of  each  of  these 
sections,  beginning  with  those  in  the  neighbourhood  of  Eenmare. 

1.  Kenmare  Sections. — ^The  first  is  one  near  Boughty  Bridge, 
about  three  miles  above  the  village  of  Eenmare,  and  on  the  south 
bank  of  the  Boughty  river.  It  is  of  special  interest,  as  it  commences 
in  the  Carboniferous  Limestone,  which  lies  in  a  narrow  trough.  The 
beds  dip  at  high  angles,  70°-80°. 

The  upper  portions  of  the  beds  underlying  the  Carboniferous  slates 

♦  See  suprh,  note  by  Prof.  Jukee,  p.  701. 
t  Joum.  Qeoh  Soc.  Dublin,  rol.  nii.  p.  11. 
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mnd  grits  were  considered  to  be  **  Upper  Old  Bed  Sttidstone,"  but  ia 
resHtr  they  in  no  way  differ  from  the  beds  of  tiie  (Heog^riff-grit 
and  slate  series.  This  view  is  confirmed  by  the  «Tl^nTT^at?f^n  of  the 
beds  for  several  miks  <m  both  banks  of  the  river ;  and  we  tfaerefive 
condnde  tiiat  the  Lower  Carbonifbroos  beds  rest  directly  on  tiie 
Glengaiiff-grit  series,  the  Old  Bed  Sandstone  being  altogethor 
absent. 

Ph>f •  Jokes  and  Sir  B.  Mnrohison  hare  drawn  attention  to  th» 
section  as  illustrating  the  rapid  thinning  of  the  Lower  CarixmifenHU 
slate  and  Ckxmihda-grit  series  as  compered  with  their  deyelopmeoi 
at  Bantry ;  this  explanation  seems  to  me  insufficient. 

2.  Stetion  between  Kemmare  and  the  Suepemian  Bridge. — ^In  tins 
section  hard  green  grits  and  porple  slates,  characteristioally  repre* 
senting  the  "  Glengariff-grit  series,"  immeddately  underlie  the  Lower 
Oarbonif erous  beds,  so  that  there  is  dearly  no  space  for  any  of  the 
strata  representing  the  Old  Bed  Sandstone.  The  purple  slates  be- 
longing to  the  upper  division  of  the  series  are  well  laid  open  in  the 
river  Sheen,  above  its  confluence  with  the  Boughty. 

8.  Section  at  Sneem. — ^The  sections  in  the  hiUs  to  the  east  ci 
Sneem  are  remarkable  for  their  continuity  through  a  vast  thickness 
of  strata  fir<»n  tiie  Lower  Carboniferous  beds  downwards.  At  Xnock- 
anamadane  and  Knocknagullion,  a  thickness  of  beds  of  not  less  than 
8000  feet  may  be  traversed  bed  by  bed,  maintaining  a  steady  dip 
towards  the  S.a£.  at  angles  of  eO^'-TO^.  The  beds  belongingto  the 
**  Glengariff  series"  consist  prindpally  of  purple  slates  wiUi  occa- 
sionally beds  of  green  grit,  and  tiiese  are  overlain  by  beds  whidi  I 
consider  to  be  Lower  Oiurboniferous.  The  first  section  we  visited  is 
that  laid  open  in  the  bed  of  the  TahiUa  river^ which  falls intoCoon- 
gar  Harbour.  Commendng  at  the  chapel  by  TahiUa  Bridge,  we 
find  oursdves  on  dark  grey  and  blue  slates  which  yield  fossils 
of  Lower  Carboniferous  age.  Bdow  these  come  dive-grey  and 
greenish  grits,  sometimes  calcareous ;  and  at  a  distance  of  about  500 
yards  above  the  bridge  we  arrive  at  the  junction  of  the  Lower  Gsr- 
boniferous  with  the  ''  Glengariff-grit  series,"  the  Old  Bed  Sand- 
stone being  evidently  absent.  At  this  junction  there  is  some  ^- 
pearance  of  unconfonnity  between  the  two  formations,  several  beds 
of  Carboniferous  grit  apparently  terminating  obliqudy  against  the 
pni^  slates  of  the  ^*  Glengariff  series."  I  here  give  a  section  and 
plan  of  this  very  interesting  spot  (fig.  3),  as  it  thorou^y  satisfied 
us  of  the  complete  absence  of  Old  Bed  Siuidstone,  and  that  we  had 
here  representatives  of  formations  separated  from  each  other  by 
the  wide  intervd  of  a  whole  geological  period. 

4.  Several  other  sections  in  the  neighbourhood  of  Sneem  go  to  con- 
firm the  view  of  the  entire  absence  of  the  Old  Bed  Sandstone ;  for  on 
descending  the  mountains  towards  the  coast,  you  pass  over  the  hig^y 
tilted  edges  of  similar  beds  of  puiple  slate,  several  thousand  feet  in 
thickness,  and  then  reach  the  grey  grits  and  olive-coloured  shdes  of 
the  Lower  Carboniferous  series.  The  notion,  ther^re,  of  a  passage 
upwards  from  the  Glengariff  beds  into  the  Carboniferous  through 
the  Old  Bod  Sandstone  seems  to  have  been  founded  on  a  miscon- 
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eeption  of  the  reUtions  of  the  beds,  so  fur,  at  least,  as  the  valley  of 
the  Eenmare  river  is  concerned. 

Fig.  3. — Plan  and  Section  in  the  TdhiUa  river  near  Sneem,  tihowing 
junctiim  of  Carhoniferom  and  OUngariff  Beds, 

Plan. 


N0te.—Tht  oUiquity  is  perhaps  iligfatly  exaggerated  in  the  plan. 
Section. 


a.  Purple  slateB,  deaTage  rertical  (GlengariiT  slates),  dip  uncertain. 

b.  Hard  grey  grits,  with  bands  of  slate  resting  with  i^yparent  unoonformity  on 

the  por^  slates. 

5.  OUngariff  Section. — ^The  rugged  promontory  which  separates 
Kexunare  river  from  Bantry  Bay,  and  which  is  deeply  indented  by 
Olengariff  and  Adrigole  harbours,  falls  short  of  the  elevation  of 
the  Beeks,  but  is  perhaps  not  less  interesting  to  the  physical  geo- 
logist than  the  Beeks  themselves,  owing  to  the  examples  it  affords 
of  contortions  of  strata,  atmospheric  waste,  and  glacial  erosion.  The 
hard  and  massive  beds  of  grit,  often  naked  or  scantily  clothed  with 
herbage,  are  thrown  into  several  grand  folds,  and  often  broken 
off  along  scarped  and  serrated  ridges,  or  isolated  pyramidal  hills, 
as  represented  in  the  following  section  (fig.  4).  Notwithstanding 
the  apparently  complex  arrangement  of  the  beds,  the  general  struc- 
ture of  the  ridge  is  that  of  a  crenulated  arch,  in  which  the  lower 
beds  of  grit  rise  to  the  surface  in  the  centre,  and  the  upper  beds  of 
purple  slate  occupy  the  sides,  dipping  beneath  the  Carboniferous 
beds  which  form  the  shores  of  the  bays  and  the  sides  of  the  valleys 
wbich  lead  down  to  them. 

Excellent  sections,  showing  the  junction  of  the  ''Glengariff 
beds"  and  the  Lower  Carboniferous  or  ''Coomhola  beds,"  are 
shown  both  along  the  Bantry  and  Glengariff  road  and  in  the  banks 
of  the  Goomhola  river.  Both  tell  the  same  tale,  namely,  the  junction 
of  the  former  with  the  Carboniferous  beds,  and  consequent  absence 
of  representatives  of  the  Old  Bed  Sandstone.  On  following  the 
section  along  the  Bantry  road,  we  had  little  difficulty  in  determining 
the  exact  line  of  division  between  the  two  formations,  which  may 
be  observed  near  the  bend  of  the  road,  about  1^  mile  S.  of  Glen- 
'  gariff  Church.  Here  the  beds  of  purple  slate  and  hard  coarse  green 
grit  of  the  Glengariff  series  give  place  to  the  olive-green  elates  and 
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ihin-beddod  grits  of  the  Carboniferotis.    All  the  beds  dip  towards 
the  8.8.E.  at  angles  varying  fh)m  60°-80**. 

6.  Not  less  decisive  is  the  boundary  as  shown  in  the  fine  section 
of  the  Coomhola  river,  which  flows  into  the  head  of  Bantry  Bay.  This 
section  is  described  by  Professor  Jukes  in  the  memoir  above  quoted. 
The  Coomhola  grits,  interbedded  with  grey  and  black  slates  with 
Carbonifbrous  fossils,  give  place,  a  few  yards  north  of  Coomhola 
iBiidge,  to  the  massive  purple  grits  and  slates  of  the  older  formation. 

Supposed  conformity  of  the  Ctlengariff  Series  and  the 
Carboniferous  Beds, 

Considering  that  in  the  Dingle  promontory  the  Glengariff-grit 
series  occupies  a  position  of  extreme  discordancy  to  the  Old  Bed 
Sandstone,  and  therefore  to  the  Carboniferous  beds  above,  there  is 
a  primd  facie  reason  for  supposing  that  these  formations  would  be 
found  in  a  somewhat  similar  relationship  in  the  region  to  the  south 
of  Dingle  Bay.  The  evidence  of  this  is,  however,  very  small,  so 
much  so  as  to  give  rise  to  the  impression  to  which  I  have  already 
referred,  namely,  that,  as  expressed  by  Prof.  Jukes, "  from  the  highest 
bed  of  Carboniferous  slate  as  deep  down  as  observation  has  allowed  us 
to  penetrate  (into  the  Glengariff-grit  series),  is  one  great  and  appa- 
rently continuous  series  of  sandstones,  or  gritstones  and  clay  slates  '^. 
It  is  a  common  observation  how  deceptive  are  such  "  apparent " 
conformities,  because  beds  which  are  widely  separated  in  geological 
time,  if  they  should  happen  to  be  similarly  placed  as  regards  the 
horizon,  may  easily  be  considered  continuous.  Whether,  if  the  two 
sets  of  beds  forming  the  Glengariff,  Kenmare,  and  Killamey  districts 
were  but  slightly  inclined  to  the  horizon,  a  clear  unconformity  would 
be  observable,  I  am  unable  to  say ;  it  is  not  improbable.  But  if  beds 
which  are  only  slightly  unconformable  to  each  other  are  both  sub- 
jected afterwards  to  tangential  forces,  causing  them  to  assume  a 
series  of  sharp  flexures,  and  to  rise  to  the  surface  at  high  angles,  as 
is  actually  the  case,  it  is  clear  that  the  original  unconformity,  what- 
ever it  may  have  been,  will  have  been  so  completely  superseded  by 
the  more  recent  flexuring  that  it  will  be  obscured  and  be  incapable  of 
observation  unless  in  transverse  sections  of  great  depth.  It  is  thus 
I  account  for  the  apparent  conformity  of  the  Carboniferous  and  the 
Glengariff  grits  and  slates  in  the  regions  now  under  consideration. 
The  flexuring  of  the  strata  along  approximately  east  and  west  axes 
after  the  Carboniferous  period  has  been  of  so  intense  a  nature  as  to 
completely  overmaster  whatever  discordant  inclinations  may  have 
previously  subsisted  between  the  two  formations.  But  whether  there 
is  a  real  or  only  apparent  conformity  is  a  question  which  cannot 
afifect  the  relation  of  the  beds  or  the  determination  of  their  geolo- 
gical position  ;  certain  I  am,  in  any  case,  there  is  not  a  **  continuous 
smes,"  but,  on  the  contrary,  a  wide  gap  in  the  succession  of  the  beds 
represented  by  the  absence  of  the  Old  Bed  Sandstone  in  this  district. 

I  feel  satisfied  that  in  this  district  a  whole  geological  formation 
— that  of  the  Old  Bed  Sandstone — which  in  the  adjoining  districts 
*  Explanation  to  sheets  192  &  109,  p.  8. 
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of  Cork,  Tipperary,  and  Waterford  attaias  to  important  yertical 
dimensions,  is  entirely  absent ;  consequently  there  can  be  no  passage 
from  the  Qlengariff  grits  and  slates  into  the  Carboniferous  beds. 

Uneonformahle  overlap  upon  fhe  Qlengariff  Beds. 

A  detailed  examination  of  the  working  maps  of  the  S.W.  of  Ireland, 
carried  out  with  the  assistance  of  Mr.  A.  M*Henry,  has  developed 
the  following  remarkable  results  bearing  upon  the  past  and  present 
relations  of  the  Glengariff  series  to  the  Old  Red  Sandstone  and  Car- 
boniferous beds,  proving  beyond  question  their  unconformity  here 
as  well  as  in  the  Dingle  promontory.  If  we  take  a  series  of  trans- 
verse sections  along  a  line  drawn  from  the  extreme  S.W.  of  Cork  or 
Kerry  to  the  N.E.  near  the  border  of  Cork  and  Waterford,  the  fol- 
lowing will  be  found  to  be  the  relative  positions  of  these  beds,  as 
illustrated  by  the  diagrams  (figs.  5-8). 

Fig.  5  shows  these  relations  diagrammaticaUy  and  in  plan.  It 
will  be  observed  that  at  the  extreme  left,  or  S.W.  direction,  in  the 
district  of  Dunmanus,  Bantry,  and  Glengariff  Bays,  the  lower  Car- 
boniferous slate  (2)  rests  directly  upon,  or  against,  the  Glengariff 
beds  (5).  In  the  centre  the  overlap  b  not  so  great,  as  the  YeUow 
Sandstone  (3)  rests  directly  upon,  or  against,  the  Glengariff  beds 
(5) ;  and  at  the  extreme  right  or  N.£.  direction,  in  the  district 
between  Cork  and  Mallow,  the  overlap  is  still  less,  for  the  Old 
Red  Sandstone  and  Conglomerate  (4)  rests  directly  upon  or 
against  the  Glengariff  beds.  These  relations  are  still  fiirther  illus- 
trated in  the  three  transverse  sections  (figs.  6,  7,  and  8).  Hence  it 
will  be  observed  that  while  the  formations  1,  2,  3,  and  4  are  every- 
where conformable  to  each  other,  they  are  everywhere  unconformalde 
to  No.  5.  There  has  therefore  been  a  deeper  depression  towards 
the  south-west  of  the  old  land-surface  formed  by  the  Glengariff 
beds,  or  a  subsequent  greater  elevation  and  denudation  towards  the 
north-east  after  the  Carboniferous  period.  The  case  of  the  S.W.  of 
Ireland  is  somewhat  comparable  to  that  of  the  overlap  of  the  Upper 
Silurian  upon  the  Cambrian  beds  &om  Herefordshire  towards  the 
Longmynds*. 

Note. — ^The  view  of  the  relations  of  the  beds  above  given  has 
since  been  abundantly  confirmed  by  the  detailed  re-survey  of  the 
Cork  district  by  Mr.  M'Henry  during  the  past  summer  (1879). 

ni.    COMPABISON  WITH  SbCTIONS  TH  GaLWAT  Alfl)  MaTO. 

If  any  further  evidence  regarding  the  age  of  the  Dingle  beds  than 
that  already  adduced  were  required,  it  would  be  found  in  a  comparison 
with  the  Upper  Silurian  rocks  on  the  banks  of  Eillary  Harbour  in  West 
Galway  and  Mayo.    Here  we  find  precisely  similar  beds,  sufficiently 

*  As  I  hare  endeavoured  to  show  elsewhere  (GeoL  Mag.,  Dec  1878),  I  b©» 
Here  this  region  to  have  been  a  land-snrfaoe  or  shoal  water  during  the  depositioii 
of  the  marine  Deyonian  beds  of  Devonshire  and  the  Bhine;  nor  was  it  resnb- 
merged  till  towards  the  uppermost  Devonian  period.  In  this  view,  I  am  happf 
to  say,  Bir.  A.  Ohampemowne  concurs  (Geol  Mag.,  Much  1879).  To  this  sub- 
ject I  purpose  on  another  occasion  to  return. 
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f ossiliferous  to  place  their  age  be- 
yond question,  and  rising  into 
lofty  and  rugged  elevations  likft 
tliose  we  have  been  oonsider-^ 
ing  in  Kerry.    Amongst  these  i^ 

\  MJweelrea,  the  highest  mountain 
in  the  west  of  Ireland,  rising  2688 
feet  from  the  level  of  the  sea. 
So  similar  are  the  rocks  of  this 'dis- 
trict to  the  "Dingle"  or  "(Hea- 
gariff  series,"  that  the  generaLdo*- 
seription  of  one  set  would  be  a^F- 
plicable  to  the  other. 

The  Upper  Silurian  rooks  otVfeat 
Gal  way  and  Mayo  (fig.  9^  consist  of 

«  a  great  series  of  grits  and  oonglo* 
merates,  purple  and  green  sl^ei^. 
with  beds  of  conglomerate  smd 
limestone  towards  the  base,  l^ey 
contain  sheets  of  felstone  porphyry 
and  ash  of  contemporaneous  origiii, 
and  are  fossiliferous  at  intervals 

•S     throughout.     These  beda.  which 

^     are  of  great  (but  unknown)  thicl^ 

r%     nees,  comprise  the  Upper  Silurian 
%     series  from  the  Dandovery  stage. 
o^     upwards   into  the  Wenlock  and 
g1     Ludlow  stages;  but,  as  observed 
g  ^     by  Sir  E.  I.  Murchison,  it  is  im- 
possible in  the  west  of  Ireland  to 
separate  the  Upper  Silurian  series 
into  those  well-marked  stages,  cha- 
'O^^T    racterized  by  beds  of  limestone  and 
special  fossils,  which  he  himself 
originally  recognized  in  the  Silu- 
rian region.    The  Upper  Silurian 
J        beds  rest  everywhere  disoordantly 
upon  a  floor  of  more  or  less  meta- 
S^     merphosed  Lower  Silurian  rocks, 
§  i     filling  in  old  valleys  and  depress 
oQ  I     sions,  and  often  containing  pebbles: 
I  §     derived  from  the  older  fbrmations. 
qS     Mr.  Kinahan  separates  the  series- 
^  I     into  divisions,  which  are  probably 
I  Q     represented  in  Dingle  and  Kerry 
"^        aaainder  * : — 


i 


n 


*  Expl.  Ifein.  aheetoflS,  H&o^  P  1& 
(1878). 
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Hepresentative  beds  of  ike  Upper  Silurian  Series  in  Kerry  and 
Mayo  and  Oalway. 

Kerry  (including  Dingle),  West  Mayo  and  Oalway, 

3.    Upper  Slate  Series.— Bright  red  a  Salrock  Slate  Beds,— Bright  red 

and  -purple  riates,  forming  the  shores  slates  and  shales,  with  bands  of  grit 

of  Xmigle  Harbour,  also  underlying  and  one  of  limestone.    Lingula  5y- 

tho     Ijower    Carboniferous    beds    at  rnondeii,  Pterimea  reiroflexa,  TrooMU 

Sneexn,    Kenmare,     Qlengariff,     &c.  multiiorguatus.   About  3000  feet. 
3000  feet. 

2.  Glengariff-gritandFerriter's-Cove  2.  3/tt;«€Zr«a  J5«<&.— Green  and  pur- 

Series, — Massive  green  grits,  sometimes  pie  grits,  conglomerates,  with  beds  of 

'  ^  ^y,  with  beds  of  skte  (Beeks  and  slate  and  shale.    Volcanic  ashes  and 


_IiUamey  and  Glengariff  mountains,  felsimthic   lavas  in   the   lower  beds. 

Great  BUtsket  Island,  &c.).    The  skte  Fossils  of  Wenlook  and  Ludlow  spe- 

series   of   Bunquin  coast,   Ferriter^s  oies.     8000  feet. 

Core  beds,  with  volcanic  ashes   and 

traps,  fossils  of  Wenlock  and  Ludlow 

species.     About  10,000  feet. 

1.  Smerwick  and  Sybil-Head  Beds.  1.  Owenduff  Seriee  (Upper  LlandO' 
— lining  at  the  base  of  the  Dingle  very), — Green  and  grey  grits,  sand- 
section.  Purple  and  brown  and  green  stones,  shales,  with  breociated  lime- 
sandstones,  flagstones,  and  shales  (no  stone,  with  yolcanio  ashes  and  tnips ; 
fouils).  At  Bull's  Head,  on  the  slope  base  generally  a  conglomerate.  Ixm- 
of  Caheroonree,  Llandovery  species  sils : — Favosites  Jibrosus^  Cyathophyl- 
have  been  found,  Fatfosites  alveolaris,  lum  elongatutn,  Encrinurus  punctaius, 
Cyathophyllum  (Petraia)  elongatum,  lUanus  Bowmanni,  Orthis  reversa, 
Atrypa  hmisphmica^  &o.  Atrypa  heTmspAtfrica,  Trochus  tnulH- 

torquatus,  &e.    About  2000  feet. 

From  the  comparisons  above  it  will  be  observed  that  there  is  no 
essential  difference  between  the  sections  in  the  two  districts  recor- 
ded. In  both  the  fossils  are  chiefly  plentiful  in  the  beds  represen- 
ting the  Llandovery  and  Wenlock  series ;  and  if  in  the  upper  beds 
of  the  Dingle  series  they  are  absent  or  scarce,  such  is  also  the  case 
with  the  Mweelrea  beds  in  Mayo.  As  regards  thickness,  both  sec- 
tions are  incomplete ;  bat  we  find  in  each  case  a  great  development 
of  sedimentary  strata,  surpassing  that  of  their  representatives  in  the 
Silurian  border  districts  of  England  and  Wales,  in  which  calcareous 
beds  occupy  a  prominent  position.  To  this  feature  I  propose  to 
return  further  on. 

Volcanic  Products. — Another  feature  of  resemblance  between  the 
beds  of  the  two  districts,  that  of  Dingle  and  Killamey,  is  the  occur- 
rence in  both  of  the  products  of  contemporaneous  volcanic  action. 
In  the  former  district  these  are  opened  to  us  along  the  coast  N.  of 
Dunquin  Harbour  amongst  the  beds  of  the  Wenlock  and  Ludlow 
stage,  and  on  a  large  scale  (fig.  1).  They  are  several  hundred  feet 
in  thickness,  consisting  of  beds  of  felspathic  ash  and  lapilli,  more  or 
less  consolidated,  traversed  by  deavage-planes  and  passing  from  the 
condition  of  an  agglomerate  to  that  of  Uie  finest  powder.  The  ge- 
neral dip  corresponds  to  that  of  the  Silurian  beds,  being  south  at 
25°-30° ;  and  immediately  north  of  the  entrance  of  Dunquin  Har- 
bour or  Inlet  there  occurs  a  mass  of  intrusive  greenish  felstone,  about 
100  yards  across,  which  may  possibly  be  the  consolidated  lava  filling 
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the  throat  of  the  old  Tdcanic  rent,  from  which  were  blown  out  tlie 
fragmental  materials  above  described. 

These  Tolcanic  beds  reappear  along  the  southern  shore  of  doggier 
Bay,  and  in  the  adjacent  i^ands,  Beginish,  Young  Island,  and  Inuh- 
vickillane  *. 

The  representative  Tolcanio  beds  in  the  region  of  the  Killamey 
mountains  are  included  in  the  Olengariff-grit  series,  and  therefore 
belong  to  a  somewhat  later  stage  than  those  laid  open  along  the 
Dingle  coast.  These  beds  range  through  a  distance  of  about  ten 
miles  from  east  to  west,  entering  into  the  structure  of  the  rugged 
derations  aboTC  Lough  Ouitane,  and  the  slopes  of  Mangerton,  Gar- 
rigwadra,  and  Eilleen,  north  of  the  river  dydagh.  These  voloanie 
products  consist  of  felstone,  felstone  porphyry,  and  beds  of  ashes  and 
agglomerate,  interstratified  with  the  sedimentary  slates  and  grits 
among  which  they  are  enclosed. 

One  of  the  principal  vents  of  eruption  was  situated  about  a  mile 
south  of  Longh  Guitane,  and  is  represented  by  the  bold  and  sombre 
mass  of  Benaunmore.  This  rock  consists  of  columnar  light  green  fel- 
stone, with  crystals  of  felspar  thinly  disseminated.  It  is  traversed  by 
several  dykes  of  yellowish  and  pale  pink  falstone,  and  on  ^ther  stdie 
beds  of  felspathic  ash  interstratified  with  the  slate  of  the  distriot. 
Mr.  Du  Noyer  considers  the  ash-beds  to  bear  evidence  of  aqueous 
depositionf.  As  illustrating  the  general  character  of  these  v<^canic 
rocks,  the  following  section  ("Rg,  10)  made  by  the  writer  and  l£r. 
M'Henry  on  the  hills  of  the  EledL  valley,  will  probably  be  useful  and 
sufficient.  It  will  be  seen,  on  referring  to  Fig.  9,  that  similar  vol- 
oanic  products  occur  among  the  Mweelrea  beds. 

Fig.  10.— Section  of  Volcanic  BedsintheHiUs  wot  of  ihe  River  Flak 
near  Lough  Athoonyastooka.  (Length  of  section  about  600 
yards.) 


1.  Qt&m  grits,  &0.  5-  Purple  slate. 

2.  Purple  felstone  porphyiy.  6.  Beds  of  ash,  oleavsd. 

3.  Purple  slate.  7.  Purple  slate. 

4.  Beds  of  fine  ash,  deayed.  X  JWstone  porphyfy,  either  a  djfes 

(Mr  a  Toloamo  neok. 


»  See  Geol.  Surrey  Map,  sheet  171,  and  "B^^ilanation  "  thflNto. 

t  " Explanation "  sheet  184, p.  16.  Prof.A.  yon Lasaulz, who,  with  ProtF. 
Bonier,  Tisited  this  dirtriot  in  187d,  gires  a  graphic  deseription  *of  these  rocks 
as  they  ooour  on  the  flanks  of  Mangerton,  in  '  Aus  Irland,'  p.  81  «f  as^. 
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On  the  stipposition  that  the  beds  on  the  flanks  of  the  Eillamey 
range,  amongst  which  we  find  the  volcanic  rooks,  are  higher  up  in 
the  series  than  those  at  the  extremity  of  the  Dingle  promontory,  it 
would  appear  that  after  the  yolcanic  fires  had  become  extinct  in  the 
latter  district,  they  broke  out  in  the  region  to  the  south,  both,  how- 
ever, belonging  to  the  same  geological  period.  Still  later  (namely, 
during  the  epoch  of  the  Carboniferous  limestone)  there  were  fresh 
outbursts  of  volcanic  forces  in  the  adjoining  region  of  the  county  of 
limerick,  resulting  in  the  formation  of  two  cUstinct  bands  of  lava, 
the  lower  augitic,  the  upper  felspathic,  and  separated  by  a  consider- 
able interval  of  time  represented  by  the  formation  of  many  feet  of 
limestone.  Por  examples  of  such  intermittent  outbursts  in  the  same 
region  in  more  recent  times,  we  might  refer  to  the  volcanic  district 
of  Central  France,  where,  along  a  tract  of  country  extending  for  some 
fifty  miles,  we  find  a  series  of  several  hundred  extinct  craters,  which 
were  in  activity  at  difierent  periods  ranging  down  from  the  Miocene 
into  tiie  Pliocene,  or  possibly  even  later,  and  where  the  older  erup- 
tions of  Mont  Dor  and  Cantalgave  place  to  those  of  the  Puy  and  the 
Vivarais. 

Plant-remains. — ^Besides  the  "  fucoid  "  markings  which  are  com- 
mon amongst  some  of  the  purple-slate  beds  throughout  the  moun- 
tains of  Cork  and  Kerry,  impressions  of  plants,  belonging  probably 
to  ike  group  of  vascular  cryptogams,  have  been  found  in  several 
places,  particularly  in  the  mountains  of  Iveragh  and  Dunkerron,  by 
the  collectors  of  the  Geological  Survey.  These  have  been  referred 
by  Mr.  Baily  to  the  genus  Sagenaria,  Tracks  also,  probably  those 
of  Crustacea,  have  been  discovered,  of  which  specimens  are  pre- 
served in  the  collections  of  the  Survey  in  Dublin.  The  occurrence 
of  land  plants  allied  to  those  forms  which  predominated  in  the  Car- 
boniferous period  cannot  be  regarded  as  an  argument  against  the  view 
that  the  beds  containing  them  are  referable  to  the  Upper  Silurian 
period,  as  several  instances  of  a  similar  kind  have  be^  recognized 
in  North  America.  In  this  region  plant-remains  of  the  genera  Lejn- 
dodtndron^  Cflyptodendron,  and  SigiUaria  have  been  found  in  beds 
ranging  from  the  base  of  the  Upper  Silurian  series  into  the  Devonian 
and  Carboniferous  ♦.  It  is  necessary  to  observe,  however,  that  the 
specimens  of  these  plants  in  the  coUection  of  the  Survey  have  all 
the  appearance  of  having  been  obtained  from  the  Lower  Carbonife- 
rous beds.  The  rock  is  fine  greyish-blue  grit,  unlike  that  which 
prevails  amongst  the  Glengariff  beds.  In  either  case  the  occurrence 
of  plants  does  not,  as  it  seems  to  me,  affect  the  question  of  the  age 
of  these  bedsf. 

*  These  haye  been  mentioned  by  Dr.  Dawson,  Prof.  James  Hall,  Prof.  Les* 
qnerenx,  Prof.  OUypole,  and  others,  and  are  dtod  by  the  last-named  obeerrer, 
in  a  paper  recording  a  fresh  discoTeiy,  in  Qeol.  Mag.,  Dec.  1878. 

t  Since  the  above  was  written,  the  spots  have  been  re-examined  by  Mr.  Bail^, 
and  there  seems  little  doubt  of  the  ocourrence  of  the  plants  in  the  Glenganff 
beds. 


Q.  J.G.S.  No.  140.  3  c 
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lY.  Relations  of  thb  Uppes  Silttbiait  Sebisb  of  ihb  eovTR-mmn  of 
Ireland  to  thosb  ih  the  Silxtbian  Eegion  of  Ekglahb* 

From  what  has  been  said,  it  will  be  observed  that,  along  with  Out 
late  Sir  B.  Griffith,  I  regard  the  great  series  represented  in  tiie  IHn^e 
promontory,  from  the  *' Sybil  (Upper  Uandovery)  beds'*  to  the 
highest  of  the  *<  Dingle  beds,''  as  the  eqniTalents  of  the  whole  Upper 
Silurian  series  of  the  typical  Silurian  region  bordering  the  Sereni 
and  Wye.  Owing  to  the  occurrence  of  considerable  beds  of  bme- 
stone  and  distinotiTO  characters,  both  petrological  and  palffiontolo- 
gical,  the  Upper  Silurian  series  of  England  and  Wales  is  diTisilde 
into  well-marked  stages,  as  established  by  Murchison ;  such,  how- 
ever, is  not  the  case  in  the  west  of  Ireland.  This  has  been  ac^ow- 
ledged  by  Sir  E.  Murchison  himself  in  reference  to  the  district  of  West 
Mayo  and  Galway,  and  is  not  less  true  in  reference  to  the  distriels 
of  Dingle  and  Kerry.  The  remarkable  statement  by  the  late  FnL 
Jukes  which  I  have  already  referred  to,  may  be  regarded  as  oc»i- 
elusive*  on  this  head ;  he  states  that  ''  the  Sybil-Head  beds,  the 
Smerwick  beds,  and  the  Dingle  beds  are  aU  purple  slates  and  fxm- 
glomerates  of  exactly  similar  general  characters,  so  that  it  wotdd  be 
impossible  to  distinguish  them."  This  statement,  taken  firom  his 
notebook  as  a  general  conclusion  after  an  examination  of  the  whole 
section  from  bottom  to  top,  completely  confirms  the  view  I  have  been 
advocating  in  this  paper.  If  we  compare  the  sections  in  the  S.W. 
of  Ireland  with  those  in  the  typical  Silurian  region,  we  shall  find 
the  representative  strata  somewhat  bb  foUows : — 

Upper  Silurian  Series  of  England  and  Irdand, 
England  (Severn  and  Wye  District).  Ireland  (Kerryy, 

ft 
Ludlow  beds  and  pansge-bedB    160 


Lower. 

Wenlock 
•      beds. 

Upper 

XilADOoyeTy 

beds. 


^Ayiiiestry  limeefcone    40 

Shales,  Ac. 700 

'Wenlock  Limestone 280 

Wenlock  Shale 1  qqqq 


Dingle  beds  or  Gleon- 
riffOrits,  10,000  feet. 


Denbighshire  Chrits 

Tarannon  Shale    ....'. 1500 

Upper    Llandovery    lime-1  ,qqq 

stone  and  sandstone j  ^^ 


Ferriter^s  CoTe  and  Scner- 
wick  beds. 


Upper  Silurian  beds 6670 

From  the  above  comparisons  it  will  be  observed  that  there  is  a 
large  accession  of  mat^als  in  the  upper  portion  of  the  series  in  tiie 
south  of  Ireland  as  compared  with  the  representative  beds  in  the 
south  of  England  and  borders  of  Wales.    In  both  regions  the  Vppet 

*  This  statement  was  only  discovered  by  Mr.  O'Kelly  (Ooi.  19,  1878)  in  one 
of  Prof.  Jukes*B  notebooks,  dated  May  31, 1858,  after  the  above  paper  was 
almost  written,  and  is  accompanied  by  a  sketch  and  section  intended  as  **  a  key 
to  the  whole  promontory,*'  by  which  he  shows  that  the  foesiliferous  Fi»Titar*s 
Core  beds  are  in  part  repeated  in  the  Smerwick  beds,  owing  to  an  invwaion. 


Digitized  by 


Google 


QLSXQABirr  GBIT8  AlO)  OJLTSB.  719 

Silurian  beds  are  highly  discordant  to  the  Lower;  and  from  tiie  ab- 
sence of  these  beds  in  the  centre  and  east  of  Ireland,  where  the 
Lower  Silnrian  beds  reach  the  surface,  we  may  oonjectore,  after 
making  allowance  for  denudation,  that  these  districts  were  land  sur-* 
faces  tibrough  a  portion  at  least  of  the  Upper  Silurian  period.  The 
physical  geology  of  this  part  of  the  Briti^  Isles  is  therefore  in  har- 
mony witii  that  which  obtained  in  the  region  of  Wales,  Shropshire, 
and  the  borders  of  the  Wye ;  oyer  this  region,  as  Professor  Eamsay 
has  pointed  out,  the  Lower  Silurian  and  Cambrian  rocks  formed  a 
land  surface  at  the  commencement  of  the  Upper  Silurian  epoch,  the 
extent  of  which  gradually  diminished  by  submergence  until  it  was 
oonyerted  into  several  islets  towards  the  dose  of  i^at  period*.  Pos- 
sibly this  early  land  surface  embraced  St.  George's  Channel,  the 
bordering  districts  of  Waterford,  Wexfbrd,  and  Wicklow,  stretching 
into  ihe  centre  of  Ireland,  as  around  the  Oaltees,  the  Silver-mine, 
and  Commeragh  mountains  we  find  the  Lower  Silurian  beds  overlain 
directly  by  the  Old  Bed  Sandstone.  The  Upper  Silurian  basin  must 
have  extended  far  into  the  Atlantic,  and  have  been  of  enormous 
depth  in  the  r^on  bordering  the  coast  of  Kerry,  while  towards  the 
north  it  was  bounded  by  the  crystalline  metamorphosed  Lower  Silu- 
rian rocks,  which  appear  in  Wc»t  Galway  and  Mayo,  and  enclose  the 
Upper  Silurian  trough  of  the  Xillaries  and  Mweelrea. 

It  is  possible  that  the  upper  portion  of  the  Qlengariff  series  is 
newer  than  the  uppermost  of  the  Ludlow  beds.  The  existence  of 
the  "  Upper  Ludlow  bone-beds  "  shows  that  the  border  districts  of 
Wales  were  but  slightiy  submerged  at  a  time  when  the  Upper  Glen- 
gariff  beds  may  have  been  deposited  in  deeper  waters.  The  Upper 
GleugarifF  beds  may  possibly  form  the  connecting  links  between  the 
Upper  Silurian  and  Lower  Devonian  series. 

V.  Eeuitions  of  the  Old  Red  Saudbtoije  to  the  Dutole  Beds,  &c 

Throughout  the  whole  of  the  south  and  centre  of  Ireland  the  Old 
Bed  Sandstone  is  everywhere  unconformable  to  the  rocks  on  which 
it  reposes,  while  it  passes  up  by  conformable  stratification  into  the 
Carboniferous  series.  In  the  Dingle  promontory  it  rests  on  various 
representatives  of  the  Upper  Silurian  series,  from  the  Llandovery  beds 
upwards,  in  that  highly  discordant  manner  so  well  described  by 
Griffith  and  the  officers  of  the  Geological  Survey,  overlapping  many 
thousand  feet  of  strata  (see  ^.  3).  Great  indeed  have  been  the 
terrestrial  disturbances  and  the  extent  of  denudation  in  this  part 
•of  Ireland  between  the  epoch  of  the  deposition  of  the  Dingle  beds 
and  that  of  the  Old  Bed  Sandstone.  At  least  12000  feet  of  strata 
have  in  some  places  been  removed  during  this  period.  Again,  the 
Old  Bed  Sandstone  wraps  round  the  dome-like  masses  of  Lower 
Silurian  beds  which  rise  from  beneath  the  central  plain,  or  sometimes 
rises  into  higher  elevations,  crowning  the  heights  of  Galtymore 
and  forming  the  grand  escarpment  of  the  Commeragh  mountains. 
Traced  towards  the  north  and  east  through  Waterford  and  Kilkenny, 
*  Fhysioal  Qeology  of  Great  Britain,  5th  edit.  p.  92. 
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it  becomes  attenuated,  and  ultimately  tenninates  agunst  the 
of  the  old  granite  ridge,  where  it  is  oonformablj  orerlapped  and  dii- 
appears  beneath  the  Carboniferous  Limestone,  which,  in  tiun,  abate 
on  the  same  granitic  ridge  at  Gores  Bridge. 

Throughout  this  tract  the  Old  Bed  Sandstone  eonaistB  of  daO, 
reddish-brown,  rather  soft  sandstone,  often  pebbly,  and  aometiiiMi 
supported  by  thick  masses  of  breccia  and  conglomerate  of  quartz, 
jasper,  trap,  and  Lower  Silurian  grit.  The  upper  beds  ocmtain  bands 
of  reddish  shale,  and  the  whole  series  attains  in  Go.  Waterlbid  t 
thickness  of  about  3200  feet*.  The  formation,  indeed,  in  its  wad 
condition,  bears  a  strong  resemblance  to  the  "  Pebble-beds  "  of  ths 
New  Bed  Sandstone  of  Lancashire  and  Cheshire ;  and,  on  the  odier 
hand,  has  but  a  faint  resemblance  to  the  '^  Dingle  beds  "  and  Gko- 
gariff-grit  series."  The  contrast  has  long  ago  been  pointed  out  bj 
the  late  Mr.  John  Kelly,  F.6.S.,  in  the  following  passage,  which  I 
quote  in  preference  to  using  language  of  my  own : — 

*^  The  Old  Bed  Sandstone  has  two  prominent  points  of  diaracUr 
which,  in  all  parts  of  Ireland,  stand  out  in  relief  and  make  it  a  loek 
which  cannot  be  mistaken  for  any  other.  The  first  is  a  thick  band  of 
conglomerate  at  its  base,  which  generally  contains  quartz,  jasper,  sad 
other  pebbles.  The  second  that  this  conglomerate  always  lies  uneoii- 
formably  on  the  inferior  rock.  The  other  characteristics  are  that  tiis 
lower  part  of  it  is  usually  of  a  red  oolour ;  it  passes  upwards  into 
yellow ;  but  both  are  comparatiyely  soft,  and  eauly  split  for  eoooonie 
use  into  rudely  rectangular  blocks,  a  circumstance  quite  a^  Tarianos 
with,  and  distmguishing  it  £rom,  the  Silurian  grits  [meaning  Oleii- 
gariff  grits,  &c.],  whid^  are  so  much  affected  by  dearage  and  so 
hard,  that  the  blocks  are  quite  refractory  under  the  wedge,  hammer, 
or  chLsel,  and  cannot  be  worked  satisfactorily  for  building-purpoaes  *'t. 

The  upper  portion  of  the  formation  consists  of  pale  yellow  and 
greenish  sandstones  and  shales,  sometimes  containing  pebbly  beds, 
often  ripplcKi  and  flaggy,  and  containing  remains  of  pUnts,  fresh- 
water bivalves,  and  fish,  such  as  Bothriolepit  {Dendroduti%  Coeem- 
teu8,  Pterichthys,  OlyjptoUpis  degans.  PaliDontologically,  this  is  the 
most  interesting  and  important  member  of  the  whole  group,  and  is, 
in  all  probability,  the  equivalent  of  that  part  of  the  Upper  Old  Bed  of 
Scotland  containing  the  sandstones  of  Dura  Den,  with  HoloptydtimM 
and  other  fishes,  to  which  the  Yellow  Sandstone  of  the  south  of  In- 
land  bears  sometimes,  curiously  enough,  a  strong  reeemblance. 

Professor  Oeikie  has  suggested  that  the  Dingle  beds  or  Gkngariff 
Grits  may  be  the  representatives  of  the  **  Lower  Old  Bed  Sandstone' 
of  Scotland  (*^  Old  Bed  Sandstone  of  Western  Europe,"  part  L  TraiH. 
Boy.  Soc.  Edmb.  1878).  If  this  be  so,  ihen  they  would  be  tiie 
marine  representatives  of  lacustrine  deposits.  Both  are  unoonfam- 
ably  overlain  by  (Upper)  Old  Bed  Conglomerate  and  Sandstone. 

*  *'  Explanation  **  to  sheets  167, 168,  fto.  of  the  GeoL  Surrer  ICape,  p.  U 
t  *' Extracts''  which  were  intended  to heapplied  to  Sir  B.  GniBth's  Geolofksl 
Hap.  published  in  'Atlantis,*  Januarr  1869. 
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From  the  above  considerations,  therefore,  I  am  impelled  to  the 
conclusion  that  the  great  series  of  green  and  purple  grits,  conglo- 
merates, and  slates  which  rise  into  the  highest  elevations  in  the 
south-west  of  Ireland  are  of  Upper  Silurian  age,  a  conclusion  pre- 
viously arrived  at  by  the  late  Sir  R.  Griffith,  the  late  Mr.  John  Kelly, 
and  other  geologists  of  eminence.  Let  me  now  briefly  recapitulate 
the  reasons  *. 

First.  These  beds  form  but  an  upper  member  of  the  fossiliferous 
Upper  Silurian  series  of  the  Dingle  promontory,  with  which  they 
are  connected  both  by  conformity  of  stratification  and  similarity  in 
the  composition  of  the  beds  themselves. 

Second.  They  are  overlain,  with  the  most  extreme  discordancy,  by 
the  Old  Bed  Sandstone  and  Conglomerate,  not  only  in  the  Dingle 
promontory,  but,  as  I  believe,  throughout  the  south  of  Ireland, 
wherever  tiie  two  formations  happen  to  come  together. 

Thirdly.  These  beds  are  evidently  the  equivalents  of  the  Upper 
Silurian  series  (at  least  in  part)  of  the  region  of  West  Galway  and 
Mayo  (^'  MweeLrea  and  Salrock  beds  "),  including  the  rocks  on  both 
sides  of  Killary  Harbour,  to  which  they  bear  a  dose  resemblance. 

Fourth.  As  these  beds  cannot  be  of  Old  Bed  Sandstone  age,  neither 
is  it  likely  they  can  be  the  equivalents  of  the  marine  Devonian  beds 
of  Devonshire,  Belgium,  and  the  Bhine.  Their  place  is,  in  all 
probability,  below  these,  as  I  have  already  hinted.  The  most  natural 
supposition  therefore  appears  to  be  that  they  represent,  in  a  greatiy 
expanded  form,  the  Ludlow  series  of  the  west  of  England  and  borders 
of  Wales,  and  form  a  connecting  link  between  the  Upper  Silurian 
and  Lower  Devonian  formations. 

Fifth.  The  absence  or  scarcity  of  fossils  cannot  be  regarded  as 
evidence  in  any  way.  Fossils  are  very  scarce  amongst  the  upper 
beds  of  Mweelrea  and  Killary  Harbour,  except  in  a  few  localities ; 
but  sufficient  have  been  found  to  enable  us  to  determine  the  age  of 
the  beds  which  contain  them.  I  have  also  given  reasons  for  believing 
that  the  fossils  found  in  the  conglomerate  of  Parkmore,  near  Yentry, 
are  really  of  the  age  of  the  beds  in  which  they  occur. 

Disoussioir. 

Dr.  DuiroAK  remarked  on  the  evidence  of  the  occurrence  of  an 
enormous  interval  of  time  being  represented  by  the  great  overlap 
described  by  the  author,  and  stated  that  he  did  not  feel  disposed, 
on  palsBontological  evidence,  to  include  the  Carboniferous  Slate  in 
the  Devonian. 

*  In  a  pi^r  published  in  the '  Geologioal  Magazine '  for  December  1878, 1  have 
indicated  the  probability  that  the  marine  Devonian  beds  ^Lynton  Slates, 
Martinhoe  beds,  and  Ilfraoombe  Ltmestonee)  fill  up  the  gap  which  in  Irdand 
interrenee  between  the  Old  Bed  Sandstone  and  Uie  uppermost  Silurian  or 
01engariff  Grit  and  Slate  series.  In  which  case  the  "  Pickwell-Down  Sand- 
stone" would  represent  the  Old  Bed  Sandstone  of  the  south  of  Ireland. 


Digitized  by 


Google 


722  PBOF.  B.  H17IX  OH  THB  MHOLB  BISB  AITD 

Dr.  Hicks  expressed  his  conTiotioii  that  the  great  series  of  truly 
metamorphic  rooks  in  Ireland  are  not  of  Lower  Silurian,  but  ci 
Pre-Cambrian  age.  He  further  stated  that  a  portion  of  the  beds 
regarded  as  of  Upper  Silurian  age  by  the  author  might  belong  to 
the  Lower  Silurian. 

Prof.  Raicsat  remarked  that  Devonshire  is  still  partly  a  terra  tn* 
cognita  to  the  geologist,  and  that  as  soon  as  good  ordnance  maps  of 
the  country  are  produced  a  completely  new  geological  surrey  of  the 
country  must  be  made.  He  had  found,  both  in  Westphalia  and  North 
America,  that  strata  regarded  as  Lower  Devonian  are  really  Up|>er 
Silurian.  He  regarded  the  argument  of  Prof.  Hull  as  nearly  convin- 
cing. The  Lower  Old  Ked  Sandstone  has  not  the  same  relations  to  the 
Upper  Old  Eed  Sandstone  in  L*eland  that  the  beds  called  by  tiie 
same  names  in  Wales  and  Scotland  have.  In  the  former  case  the 
Lower  Old  Red  Sandstone  of  Prof.  Hull  is  equivalent  to  t^e  Upper 
Old  Bed  of  Scotland,  which  lies  unconformably  on  the  Lower  Old 
Bed  of  that  countiy.  In  the  Lower  Old  Bed  Sandstone  of  Scotland 
bands  of  rock,  with  Graptolites  and  Upper  Silurian  fossils,  have 
been  found  by  Prof.  Gei&e.  He  thought  that  the  Upper  Old  Bed 
Sandstone  of  Griffith  had  as  much  right  to  be  called  Carboniferoqs 
as  Devonian.    These  points  only  confirmed  the  views  of  Prof.  HulL 

Mr.  UssHBB  stated  that  there  is  a  perfectly  conformable  series 
between  the  Foreland  Grits  and  the  Culm-measures  of  Devonshire. 
He  thought  that  Devonshire  must  still  be  regarded  as  affording  m 
typical  series. 

Hr.  Jxtkbs-Bbowkb  wished  to  ask  a  few  qnestdons.  Prof.  Hull's 
argument  appeared  to  be  that,  because  rocks  of  a  certain  character 
occurring  in  the  Dingle  promontory  were  found  to  be  absent  in  the 
Inveragh  promontory,  it  was  therefore  to  be  assumed  that  there  must 
be  an  unconformity  in  the  latter  district  as  well  as  in  the  former ;  and 
proo£i  of  an  apparent  overlap  were  adduced  in  support  of  this.  Bat 
the  evidence  brought  forward  was  mainly  of  a  theoretical  nature ; 
the  explanatory  section  showing  the  possible  overlap  was  not  sup- 
ported by  any  actually  observed  section  in  which  an  overiap  was 
visible.  He  would  like  to  be  assured  on  what  evidence  the  Gloi- 
gariff  GritB  were  correlated  with  the  Dingle  beds,  and  why  the 
Upper  Old  Bed  Sandstone  was  banished  from  the  neighbouxhood  of 
Sneem  and  Kenmare,  as  well  as  from  the  head  of  Bantry  Bay, 
though  it  was  laid  down  cm  the  maps  of  the  Geological  Survey  of 
Ireland  and  described  in  the  '  Memoirs.' 

The  succession  of  rocks  in  the  Dingle  district  was  so  different 
from  that  in  the  country  south  of  Dingle  Bay,  that  it  was  really 
doubtful  whether  the  two  series  could  be  compared. 

Few  men  had  gained  a  greater  knowledge  of  the  8.W.  of  Ireland 
than  the  late  Mr.  Jukes,  whose  views  Prof.  Hull  had  quoted ;  but 
Mr.  Jukes  had  not  been  able  to  discover  any  evidenoe  of  d^r^^^^^ 
stratification  in  the  series  of  rocks  referred  to. 

The  Author  insisted  that  in  a  number  of  sections  the  Lower 
Carboniferous  Slate  and  Upper  Old  Bed  Sandstone  are  seen  lying 
directly  upon  the  Glengariff  Grits.     In  reply  to  PiofL  Bamsaj, 
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he  stated  that  Prof.  Dewalque  had  aniyed  at  the  conclusion  that 
the  marine  Devonian  beds  of  Devonshire  and  Old  Red  Sandstone 
of  Hereford  were  different  conditions  of  beds  on  the  same  horizon. 
In  reply  to  Dr.  Hicks,  he  stated  that  all  palaeontologists  were  agreed 
as  to  the  Upper  Silurian  age  of  the  beds  below  the  Glengariff  Grits ; 
and  the  Lower  Silurian  age  of  the  metamorphic  rocks  is  proved  by 
the  occurrence  in  them,  when  unaltered,  of  Lower  Silurian  Grap- 
tolites.  In  reply  to  Dr.  Duncan,  he  stated  that  the  Carboniferous 
Slate  of  Ireland  was  probably  on  the  same  horizon  as  the  Upper 
Devonian  of  Devonshire. 
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55.  Further  Discoveries  in  the  Crbbswbll  Gaybb.  By  Prof.  Boyd 
Dawkins,  M^,  P.E.S.,  F.G.S.,  and  the  Eey.  J.  M.  Mbllo,  M. A., 
F.Gr*S.,  with  Notes  on  the  Ma¥MAt.ta  hy  the  forviUT,  (Bead 
June  11, 1879.) 

COKTEKTS. 
Introduction. 

The  Exploration  of  Chamber  A. 
The  Exploration  of  Chamber  B. 

Belation  of  these  Depodts  to  those  in  other  Cayes  at  CieifwelL 
Notes  on  Pleistocene  Mammalia. 

Classiflcatory  Value  of  Hippopotamus  and  Leptorhine  Bhinooeros. 
Prehistoric  and  Historic  Mammalia.    No  Evidence  of  FalteuUthio  Intermenli 

in  Caves  of  Britain  or  the  Continent. 
Gteneral  Condusions. 

IirrBODircnoN. 

Whek  the  exploration  of  the  Brobin-Hood  and  Chnrch-Hole  Caves 
at  Creeswell  Crags  was  brought  to  a  close,  in  1876,  one  of  the  lesser 
caves  remained  for  further  examination,  known  under  the  name  of 
Mother  Grundy's  Parlour,  from  a  certain  old  gipsy  who  is  said  to 
have  chosen  it  for  her  home.  It  had  evidently  been  disturbed  by 
previous  diggings,  some  of  which  are  said  to  have  been  carried  on 
by  a  resident  at  Cresswell  in  search  of  treasure  revealed  to  his  wife 
in  a  dream ;  and  this  fact,  coupled  with  an  unsuccessful  trial  which 
we  made  down  as  far  as  the  unfossiliferous  sand  of  the  other  caves, 
discouraged  us  from  digging  it  out  at  that  time.  We  have  to  thank 
Mr.  John  Young  for  calliug  our  attention  to  the  fact  that  there  still 
remained  in  the  Cresswell  Crags  an  undiscovered  chapter  in  the 
history  of  the  cave-fauna  of  the  district.  He  had  purchased  a  tooth 
of  Hippopotamus  in  London,  which  had  been  obtained  from  the 
Cresswell  Crags  by  Messrs.  Du£fy  and  Gain,  of  Tuxford ;  and  as  this 
animal  had  not  been  met  with  in  our  previous  explorations,  we 
resolved  to  dig  out  Mother  Grundy's  Parlour  without  further  delay. 
Accordingly  in  November  last  the  exploration  was  begun,  under  the 
careful  supervision  of  Mr.  Knight,  of  Owens  College,  while  we  visited 
the  place  from  time  to  time  to  direct  the  work. 

Mother  Grundy's  Parlour  is  a  shallow  semicircular  chamber 
(plan,  fig.  1),  in  a  low  crag  at  the  eastern  extremity  of  the  ravine  and 
on  its  northern  side :  it  might  almost  be  described  as  a  shallow 
rock-shelter,  being  35  feet  deep  by  22  feet  wide.  On  its  eastern 
side,  near  the  back  (see  fig.  1),  was  a  small  cavity  about  4  feet  wide 
by  2  feet  6  inches  high,  blocked  up  to  the  roof  with  fragments  of 
rock  and  earth ;  this  proved  ultimately  to  be  the  mouth  of  chamber 
B  of  the  ground-plan. 

We  began  the  exploration  by  cutting  a  trench  in  the  floor  on  the 
eastern  side  of  the  cavern,  and  after  penetrating  through  the  dis- 
turbed soil  found  that  the  underlying  beds  were  in  sit%$y  and  contained 
bones  and  teeth  in  considerable  abundance. 
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Fig.  1. — Oround^plan  of  the  Parlour  Gave. 
(Scale,  ^  inch  to  1  foot.) 


The  Exploration  OF  Chakbeb  A. 

Surface-soil, — ^The  floor  was  covered  with  a  few  inches  of  dark 
snrface-soil  and  numerous  large  blocks  of  limestone,  and  contained 
near  the  month  fragments  of  charcoal,  burnt  clay  and  bones,  together 
with  a  considerable  nnmber  of  flint  chips  and  a  few  flint  flakes. 


Fig.  2. — Section  1,  in  Cham" 
berA(^g.l). 


Fig.  3. — Section  2,  in  Cham^ 
berA(^g.l). 


ft.  in. 
1.  White  calcareous  sand;  no 

remains (?) 

4.  Bed  .sandy  caTe-earth,  with 

a  few  bones    2    6 

6.  Surface-soil;   charcoal  and 

flint  implements  at  base    5    0 


ft  in. 

1.  White  calcareous  sand;  no 

remains (?) 

2.  Ferruffinous  yellow  and  red 

sand;  bones  1    0 

3.  Bed  clay;  bones    0    6 

4.  Bedsandycaye-earth;  bones, 

&c 3    0 

5.  Surfaoe-soU 0    4 
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This  was  obviouBly  the  equivalent,  in  point  of  age,  of  the  superficial 
layer  in  the  Bobin-Hood  and  Church-Hole  caverns  (see  figs.  2  &  3, 
No.  6). 

Bed  Sandy  Cave-earth. — ^Below  the  surface-soil  was  a  bed  of  light 
red  cave-earth,  which,  on  being  followed  up  towards  the  mouth  of 
Chamber  B,  was  found  to  increase  in  thickness,  varying  from  3  feet 
6  inches  opposite  the  mouth  of  chamber  B  to  2  feet  6  inches  at  the 
entrance  (see  figs.  2  &  3,  No.  4).  The  remains  of  animals  were 
abundant,  consisting  principally  of  Bison,  Beindeer,  Bear,  Wolf,  Fox, 
and  Hysena,  the  coproUtes  of  the  last  of  these  animals  b^ng  rery 
numerous,  having  been  preserved  by  the  dryness  of  the  cavern.  In 
the  other  caverns,  which  were  wet,  they  had  been  crushed  out  of 
shape  into  layers  by  the  repeated  trampling  of  the  animals.  A  ieiw 
quartzite  pebbles,  some  rudely  chipped,  were  also  met  with.  In  the 
upper  parts  a  few  flint  flakes  were  discovered,  but  they  were  pro- 
bably derived  from  the  superficial  soil. 

Bed  Clay  and  Ferruginous  Sand, — ^This  stratum  near  the  entrance 
of  the  cave  rested  on  the  unfossiliferous  white  sand  (see  fig.  2),  while 
in  figs.  3  &  4,  near  the  entrance  of  chamber  B,  two  strata  were  inter- 
calated— a  red  clay.  No.  3,  and  a  highly  ferruginous  sand.  No.  2, 
which  revealed  the  presence  of  a  fiauna  hitherto  unknown  in  the 
Cresswell  Caves.  In  the  ferruginous  sand,  at  the  point  where  Section 
2  was  taken,  were  the  fragments  of  the  skuU  and  other  bones  of 
Hippopotamus,  together  with  teeth  of  Bhinoceras  Iqttorhinus  of  Owen 

gl,  hemitoechus  of  Palooner),  along  with  numerous  skulls  aiid  jaws  of 
yffina  and  some  remains  of  Bison.  It  is  evident  that  the  sikall  of  a 
Hippopotamus  had  been  left  by  the  Hyeenas  in  this  spot ;  but  unfor- 
tunately it  had  been  broken  to  pieces  by  the  previous  diggings  which 
led  us  to  re-examine  the  cave.  The  ferruginous  sand  (No.  2)  ulti- 
mately proved  to  be  purely  local  (see  fig.  4). 

Fig.  4.—Seeiion  3,  Chamber  A  (fig,  1). 
(Scale,  ^0  inch  to  1  foot.) 


ft.  is. 

1.  White  caloareona  Band ;  no  remains 

2.  Ferrufinoos  yellow  and  red  Band ;  bones 1    0 

8.  Bedolaj;  booeB^&o.   0    6 

4.  Bed  sandy  oave-earth;  bones,  &c 3    0 

5.  Sur£aoe-BoU 
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Towards  the  baok  of  chamber  A  the  strata  thinned  out  rapidly 
and  were  so  unproduotiTe  that  we  thought  it  advisable  to  leave  it 
unexplored,  and  turn  to  what  proved  to  be  the  mouth  of  Chamber  B 
-(fig.  !)• 

Thb  ExPLOBATioir  OF  Ghajcbeb  B. 

The  Bed  Sandy  Cave^earih, — ^The  deposits  in  Chamber  B  filled  it 
up  to  the  roof,  and  consisted  of  the  strata  previously  described,  with 
the  exception  of  the  8ur£ace*Boil  (No.  5)  and  the  ferruginous  sand 
(No.  2). 

The  red  sandy  cave-earth  (see  figs.  5,  6,  &^,  No.  4)  had  been 
disturbed  here  as  in  chamber  A ;  it  contained  bones  and  teeth  of  Bison, 
Beindeer,  Hyaena,  and  Bear.  At  a  distance  of  19  feet  6  inches  from 
the  entrance,  and  on  the  north  side,  a  human  skull  was  met  with,  in 
a  small  recess  in  the  wall,  at  a  depth  of  2  feet  9  inches  from  the  sur- 
face, here  in  contact  with  the  roof.  Close  to  it,  and  above  it,  were 
the  vertebra  of  a  bison  and  a  quartzite  splinter.  It  is,  however,  in 
spite  of  this  evidence,  in  all  probability,  as  we  shall  see  presently, 
of  a  later  age  than  the  associated  Pleistocene  remains. 

Pig.  &.— Section  4,  Chamber  B  (fig.  1). 


ft.  in. 

1.  White  calcareooB  Band ;  norenudxiB 

8.  Bed  day;  bones,  &o 3    0 

4w  Bed  sandy  oaye-earth;  bonee,  &o 3    6 

7^  Bed  Clay. — ^The  red  clay  (No.  8)  as  it  passed  into  chamber  B 
gradually  increased  in  thickness,  attaining  a  maximum  of  3  feet 
3  inches  at  the  further  end.  It  was  very  stiff  and  contained  the  re- 
mains of  Hycena,  Bison,  Hippopotamus,  and  BhinoceroB  leptorhinus^ 
but  no  implements.    It  rested  immediately  on  the  unfossiliferous 
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white  sand  (No.  1).  At  the  far  end  of  the  chamher  hlocks  of  lime- 
stone were  imbedded  in  the  day,  and  between  these  many  bones  of 
Bison  were  flrmlj  wedged,  which  were  extracted  with  considerable 
difficulty.  The  total  thickness  of  the  deposits  in  chamber  B  varied  from 
about  9  feet  near  the  entrance  to  5  feet  at  the  end  (figs.  6  &  7). 

Fig.  6.— Section  5,  Chamber  B  (fig.  1). 


m^ 


ft.  In. 

1.  White  oaloareoiifl  Huid ;  no  remains 

8.  Bed  clay,  with  blocks  of  limestone  and  bones 8  S 

4.  Bedsandjcaye-eorth,  withbedof  Band(2in.)atbase;  bones...     1  8 

Fig.  7.— Section  6,  Chamber  B  (fig.  1). 
(Scale,  ^  inch  to  1  foot.) 


8 

1 

1.  White  calcareous  sand.  4.  Bed  sandj  oaTe-earth. 

8.  Bed  clay. 

Relation  of  these  Deposits  to  those  in  the  other  Gates  at 
Cresswell. 

On  comparing  the  aboye  strata  with  those  pretionslj  explored  in 
the  Cresswell  Crags,  it  is  obvious  that  we  must  correlate  them  with 
the  earlier  rather  than  with  the  later  series.  The  breccia  and  the 
upper  cave-earth  of  the  Kobin-Hood  and  the  Church-Hole  caves, 
with  their  highly  finished  suite  of  palaeolithic  implements  and  nu* 
merous  bones  gnawed  by  hyeenas  or  crushed  by  man,  are  conspicu- 
ous by  their  absence.  YHien,  however,  we  compare  the  red  sandy 
cave-earth,  No.  4,  of  Mother  Grundy's  Parlour  with  the  red  sand 
underlying  the  cave-earth  in  the  two  above-mentioned  cavwns, 
they  will  be  seen  to  belong  to  the  same  stage  in  the  history  of 
the  caves  of  the  district.  The  few  rude  quartrite  tools,  and  tiie 
numerous  bones  of  animals,  remarkably  perfect  and  free  from  tiie 
^^nawiog  of  hyenas,  are  to  be  noted  in  both.    It  must,  however,  be 
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remarked  that  the  horse,  bo  abundantly  represented  in  this  stratum 
in  the  other  cayems,  is  here  only  represented  by  two  teeth ;  while 
the  remains  of  Bison,  very  rarely  found  in  the  former,  are  numerous, 
the  yertebrce  and  horn-cores,  so  uniyersally  eaten  by  hjraenas  in  the 
other  cayes,  being  here  for  the  most  part  intact. 

The  red  sandy  caye-earth,  therefore,  represents  in  this  caye  the 
oldest  fossiliferous  horizon  in  the  others ;  and  the  underlying  red 
clay.  No.  3,  and  ferruginous  sand.  No.  2,  are  unmistakably  to  ^  re- 
fen^  to  a  still  older  period,  the  white  sand,  No.  1,  without  fossils 
being  found  alike  in  all  the  cayes  of  the  Gresswell  Crags. 

NoTBB  OK  Pleesiocbns  Mammalta. 

If  the  accompaning  list  of  Pleistocene  species  be  examined  it  will 
be  obseryed  that  in  the  older  period  of  the  red  clay  and  ferruginous 
sand  the  animals  inhabiting  the  district  were  yery  different  from 
those  found  in  the  succeeding  deposits  in  this  and  the  other  cayems. 
While  the  Spotted  Hysena,  Fox,  Bear,  and  Bison  are  common  to  both, 
the  former  is  characterized  by  the  presence  of  the  Hippopotamus  and 
leptorhxne  Ehinoceroe,  and  by  the  absence  of  the  Horse,  Woolly 
Bhinoceros,  and  Mammoth,  as  well  as  by  the  absence  of  traces  of 

FleUtoeme  Fauna  of  Mother  Orundy^s  Parlour » 


Ferrugi- 
nous 
Band. 


BedClay. 


Bed 
Sandy 
Oaye- 
earth. 


Palsolithic  implemenU  

Spotted  Hyena  (yar.  J7.  <pd<9a)    

Fox  {CknUi  vuhea)  

BwT  {?  ferox,?  aretoa)   

Bison  {BiaoH  priaeus) 

Beindeer  (C^ma  tarandua) 

Hippopotamus  (ff.  nu^or  »  ampMbius) 

Horse  {Eguus  fossUia) 

Leptorhine  Bhinooeros  {B,  leptorkimua,  Owen) 

Woolly  Bhinooeros  (£.  tickwrkmua.  Pal.) 

Elephas 


The  pakeolithic  implements  in  the  aboye  list  consist  of  pot-boilers 
and  rude  splinters  of  quartzite,  and  one  imperfect  Aac^  of  ironstone 
of  the  ^type  Acheulien,'  similar  to  that  figured  in  this  Journal  from 
the  Bobin-Hood  Caye  (Q.  J.  Q.  S.  yoL  zxxiii.  p.  593).  The  Bear  (re- 
presented by  17  bones  and  teeth)  probably  belongs  to  the  Grizzly 
speoiee,  U,  ferox^  found  in  the  neighbouring  cayes.  The  Beindeer  is 
represented  by  3iB,  and  the  Horse  by  2,  while  the  Bison  and  the 
Hysena  stand  at  the  head  of  the  list  with  143  and  114  specimens. 
The  remains  of  the  Elephant,  from  the  upper  stratum,  are  too  frag- 
mentary to  allow  of  specific  determination. 

The  Hippopotamus  is  represented  by  fragments  of  skull  and  the 
complete  molar  series  of  both  sides  of  the  upper  jaw,  one  premolar, 
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two  upper  incisors,  aJl  belonging  to  one  indiyidaal,  a  rig^t 
maxilLEuy  with  the  permanent  dentition  jnst  coming  into  plaj  ani 
replacing  the  decidnous  series,  three  kiwer  premi^ars,  a  pair  o£ 
shoulder-blades,  and  some  vertebne.  The  rranains  imply  the  pie- 
senoe  of  at  least  three  individoals,  in  none  of  which  is  the  adnlt  tna 
molar  dentition  completed.    All  are  young  adulta. 

The  remains  of  the  Bhinoeeroi  Upiorhinus  of  Owen  consist  of 
thirteen  teeth  and  fragments  of  teeth  which  correspond  with  the 
specific  definition  pub&hed  in  the  Journal  of  this  Society,  1867 
(vol.  xxiii.  p.  215). 

llie  following  measurements^  taken  in  inches  at  the  base  of  the 
crown,  are  uniform  with  those  already  published  in  this  Journal,  and 
indicate  a  slight  difference  in  the  proportion  of  the  two  upper  molan 
as  compared  with  those  from  Lexden,  Clacton,  Grays  Thuixo^ 
and  Durdham  Down  (L  e.  p.  224) : — 

1.  Antero-posterior  taken  along  the  outside 

of  crown     1-9      1-95 

2.  Antero-transverse  across  the  front  lobe 

of  tooth 2-32   2-4 

3.  Postero-transYorBc  across  hind  lobe  of  tooth    1-9     2-15 

Some  of  the  Ehinoccroses  were  half-grown  calves  with  the  milk- 
dentition  in  various  stages  of  wear. 

Classitioatoby  Yalue  of  HippopoiAinrs  akd  Lepiobhisb 
HnnroGBBos. 

These  two  animals  are  so  frequently  companions  in  the  eaves  and 
river-deposits  in  Britain,  that  there  is  reason  for  believing  that  they 
mark  a  stage  in  the  zoology  of  the  Pleistocene  period.  Both  are 
southern  species,  the  Hippopotamus  being  now  confined  to  Africa, 
while  the  leptorhine  Rhinoceros  is  to  be  viewed  also  as  an  extinct 
species  of  southern  htlbit.  They  are  associated  together  in  no  less 
than  sixteen  .caverns  and  river-deposits  which  I  have  examined  in 
this  country,  and  are  very  generally  accompanied  also  by  the  Elepkm 
antiquus.  The  Hippopotamus  is  a  survival  from  the  fauna  of  the 
Pliocene,  and  is  met  with  in  the  Pr^lacial  forest-bed  of  Norlidk, 
in  the  Mid-Pleistoceue  deposits  of  the  Thames  valley,  the  Post- 
glacial strata  of  Bedford,  and  the  caves  of  Cefri  and  Pont  Newjdd,near 
St.  Asaph.  The  leptorhine  Rhinoceros  occurs  in  the  fluvia^e  strata 
under  the  Hessle  clay  near  Burgh  in  Lincolnshire*,  in  the  brick-earths 
of  the  Thames  valley,  and  in  the  above-mentioned  Postglacial  cayems. 
As  a  rule,  these  animals  are  not  met  with  in  association  with  the 
Mammoth  and  the  Pleistocene  stages.  They  are,  however,  associated 
with  the  Reindeer  in  the  caves  of  Kirkdale  and  Victoria  in  Yorkshire, 
of  Cefn  and  Pont  Newydd  in  the  valley  of  the  Elwy,  and  in  theiiw- 
strata  of  Bedford,  Brentford,  London,  and  Peckham.  It  is  therefore 
evident  that  they  inhabited  Britain  while  the  arctic  Mammalia  were 

*  I  have  to  thank  Mr.  Jukes-Browne  for  this  loeality. 
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present  in  the  country,  from  which  fact,  coupled  with  their  southern 
habit,  I  should  feel  inclined  to  consider  them  characteristic  of  that 
period  in  which  the  southern  animalB  were  living  in  this  country, 
but  were  suffering  from  the  competition  of  arctic  invaders  driven 
southwards  by  the  lowering  of  the  temperature — that  is  to  say,  in  the 
middle  stage  of  the  Pleistocene,  as  I  have  defined  it  in  my  essay  on 
the  ^^  Classification  of  the  Pleistocene  Strata  by  means  of  the  Mam- 
malia "  *.  It  must  be  further  remarked  that  these  two  animals  were 
among  those  which  the  PalsBolithio  hunter  saw  when  he  arrived  in 
this  country,  in  his  expeditions  along  the  valleys  now  covered  by 
the  English  Channel  and  the  North  8^.  They  are  found  in  one  cave 
only  in  Britain,  the  cave  of  Pont  Newydd,  along  with  Pakeolithic 
implements,  which  are  fashioned  out  of  quartzite,  like  those  of 
the  red  sand  in  the  Cresswell  Caves  t.  They  occur  also  in  the  Palaeo- 
lithic river-gravels  of  Bedford  and  Peckham,  along  with  implements 
of  the  type  Acheulien  of  De  Mortillet 

PSXHISTOSIO  AKB  HiSTOBIC  MaMMALTA. 

The  following  list  (p.  732)  represents  the  principal  remains  refer- 
able to  prehistoric  and  historic  times.  It  differs  in  no  important 
particular  from  that  of  the  other  caves  in  the  Cresswell  Crags,  wit^ 
the  exception  of  the  occurrence  of  fragments  of  four  human  skeletons^ 
all  belonging  to  children  and  youths,  and  all  bemg  found  in  the  red 
sand,  l^ose  discovered  in  chamber  A  evidently  were  deposited  in 
strata  which  had  been  disturbed  by  repeated  diggings,  and  do  not 
belong  to  the  Pleistocene  age.  In  proof  of  this  we  may  mention 
that  the  head  of  an  iron  hammer  was  found  by  Mr.  Knight  at  the 
bottom  of  the  red  sand. 

The  skull  found  in  chamber  B,  also,  at  a  distance  of  19  feet  6  in. 
from  the  entrance  and  at  a  depth  of  2  feet  9  in.  from  the  surface,  can- 
not be  looked  upon  as  belonging  to  the  age  of  the  red  sand,  although 
the  passage  was  completely  blocked  up  in  some  places,  and  there  were 
no  obvious  evidences  of  disturbance  around  it.  The  recent  bones 
belonging  to  the  various  animals  in  the  accompanying  list,  scattered 
through  the  red  sand,  show  that  it  has  been  disturbed  since  its  depo- 
sition, certainly  by  the  burrowing  of  foxes,  rabbits,  and  badgers,  and 
most  probably  by  the  hand  of  man.  The  Sheep  or  Goat,  the  short- 
homed  Ox,  and  domestic  Pig  found  in  it  were  unknown  in  France, 
Germany,  Belgium,  or  Great  Britain  in  the  Pleistocene  age,  and 
were  introduced  by  the  Neolithic  herdsmen  into  Northern  and 
Western  Europe.  This  skull,  therefore,  cannot  be  viewed  as  a  relic 
of  one  of  the  Palaeolithic  hunters  in  Derbyshire,  but  must  be  referred 
to  their  successors  in  the  district. 

The  two  skulls,  sufftciently  perfect  to  allow  of  the  shape  of  the 
cranium  being  made  out,  belong  to  two  types,  well  known  in  this 

*  Quart.  Jonrn.  Geol.  Soc.  toL  xxriii.  p.  410. 

t  The  asserted  occurrence  (Brit.  Assoc.  Bep.,  1878)  of  traces  of  Man  in  the 
same  strata  as  the  leptorhine  Bhinoceros  and  Hippopotamus  in  the  Yiotoiia 
Cave  is  founded  on  an  unfortunate  mistake. 
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Prehistoric  and  Historic  Fauna  of  Mother  Grundy's  Parlour^  1878. 


Human  bones  and  implementB    . . . . 

Wild  C9i{Feiis  coins  finu)  

"Dog  (Cants  fatnUiaris)    

Fox  (a  vul^) 

Marten  {Mustela  martes) 

BadgBt  (Melss  taxus) 

8ts^  (Cenms  eli^hus) 

"Roe  {C.  capreoltts)    

Horned  Sheep  or  Goat    

Celtic  Shortiiom  {Bos  hngifrons)  . 

Pig 

Hare  or  Babbit    

Babbit    


8aHaoe-8oil  and 

disturbed  red  sandy 

Oaye-eulh. 


« 

« 
» 
« 
« 

« 
« 

« 


country  and  on  the  continent  in  the  Neolithic  and  succeeding  ages. 
That  found  in  the  passage  B  belongs  to  the  long  type  (dolichocephali 
of  Thumam  and  Huxley,  and  according  to  Prof.  Morrison  Watson 
is  hydrocephalic),  while  that  found  in  chamber  B  belongs  to  the 
round-headed  brachycephali  of  the  same  two  authors. 

The  conditions  under  which  the  skull  in  chamber  B  was  discovered 
were  such  that  it  might  have  been  taken  to  have  belonged  to  one  of 
the  Palseolithic  inhabitants  of  the  caye,  had  not  the  ezplorationa  been 
conducted  with  all  possible  vigilance.  My  experience  of  cave-explo- 
ration compels  me  to  decline  to  accept  any  human  bones  as  Palaao- 
lithic  without  the  clearest  stratigraphical  evidence  on  the  pointy  such 
as  that  offered  by  the  human  skull  found  by  MM.  Lartet  and 
Chaplain  Duparc  in  the  cave  of  Duruthy,  Sorde,  in  the  Western 
Pyrenees.  Not  only  is  this  evidence  wanting  in  every  one  of  the 
PalsBolithic  types  from  caverns  selected  by  MM.  de  Quata^iges 
and  Hamy,  in  their  great  work  ^  Crania  Ethnica,'  now  being  pub- 
lished, but  in  the  two  most  important  types  it  points  to  a  contrary 
conclusion.  The  long  skulls  constituting  the  '^  type  de  Cro-Magnon  * 
belong  to  an  interment  which  is  later  than  the  Palaeolithic  remains 
in  the  rock  shelter, because  they  are  above  them;  and  the  round  skulls 
of  the  Trou  du  iVontal  are  associated  with  domestic  animals  and 
pottery  of  a  kind  not  uncommon  in  the  Neolithic  age.  The  so-called 
fossil  man  of  Mentone  may  be  referred  to  the  same  date  as  the 
polished  stone  axe  found  in  the  cave,  and  to  be  seen  in  the  Mnsenm 
at  St.  Germain,  in  1876.  The  pottery  found  with  human  remains 
in  the  oaves  of  Engis,  Aurignac,  Bmniqud,  and  Bize  is  identical  with 
Neolithic  pottenr,  and  indicates  that  the  interments  are  not  Paleo- 
lithic but  Neolitnic  in  date.  Pottery  and  domestic  animals  were  alb 
Tmknown  in  the  Palseolithic  age. 

The  long  skuUs  found  in  the  above  caves  are  of  the  same  type  is 
the  long  skulls  referred  to  the  Iberic  population  of  Western  Europe  in 
the  Neolithic  age ;  and  the  round  skulls  cannot  be  distrnguished  nom 
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the  Celtic  or  cognate  Celtic  peoples  ^ho  invaded  Europe,  also  in  the 
Neolithic  age,  l£e  former  bemg  identical  with  those  of  the  interments 
in  the  long  barrows,  and  the  latter  with  those  of  the  roond  barrows 
and  of  the  tumuli  of  the  Bronze  age  in  Britain  explored  by  the  Hey. 
W.  GreenwelL  Both  these  peoples  used  caves  for  sepulchres  in 
Spain,  France,  and  Belgium  in  the  Neolithic  age. 

Prom  these  considerations  I  find  it  impossible  to  follow  MM. 
de  Quatrefages  and  Hamy  in  their  ethnological  inferences,  which  are 
based  on  the  assumption  that  in  the  above  cases  the  human  remains 
bebng  to  PalteolitMd  men,  who  lived  on  in  the  same  area  through 
the  stupendous  changes  which  banished  some  and  destroyed  other 
Pleistocene  Mammalia — changes  in  geography  and  in  climate — ^into 
the  Neolithic  age,  without,  be  it  remarked,  preserving  any  traces  of 
the  art  of  reproducing  animal  forms  or  of  the  ordinary  Paleolithic 
implements  of  the  men  of  the  caves.  I  am  unable  to  believe  with 
M.  de  Quatrefages  that  any  of  the  present  inhabitants  of  Belgium 
can  be  traced  as  far  back  as  the  Palseolithic  age,  or  that  they  have 
withstood  in  their  present  homes  all  the  changes  and  invasions  which 
have  happened  since  the  Breindeer-hunter  camped  in  the  caves  of 
the  Lesse.  It  is  to  me  improbable  in  itself,  and  unsupported  by 
satisfactory  proof.  The  few  human  bones  discovered  in  caves,  and 
of  undoubted  PalflBolithic  age,  seem  to  me  too  fragmentary  to  offer 
any  satisfactory  basis  for  arriving  at  any  ethnological  eondusion  as 
to  the  PalseoHthic  races  of  men  in  Europe. 

Gensbal  Conclttsions. 

1.  It  now  remains  for  us  to  sum  up  the  results  of  this  inquiry 
into  the  Pleistocene  strata  of  the  caves  of  Cresswell  Crags.  From 
the  preceding  pages  it  will  be  seen  that  at  the  time  the  red  clay  and 
the  ferruginous  sand  were  being  accumulated  in  Mother  Grundy's 
Parlour  by  the  action  of  water,  the  Hippopotamus  and  leptorhine 
Bhinoceros,  the  Hysena  and  the  Bison  haunted  the  wooded  valleys 
of  the  basin  of  the  upper  Trent,  while  we  may  mark  the  absence  of 
PalfiDolithic  Man  and  the  Eeindeer.  Hysenas  were  abundant,  while 
Horses  were  absent. 

2.  Then  followed  a  time,  represented  in  all  the  caverns  by  the  red 
sand,  when  the  Mammoth,  Woolly  Bhinoceros,  Horse,  and  Beindeer 
haunted  the  district  round  Cresswell  Crags,  and  fell  a  prey  sometimes  to 
the  hyaenas,  and  at  others  to  the  hunter,  whose  implements  of  quart- 
zite  prove  him  to  belong  to  the  same  peoples  who  have  left  their 
implements  in  the  river-deposits. 

3.  Lastly  we  have  the  Paheolithic  hunter,  represented,  in  the 
breccia  and  upper  cave-earth  of  the  Bobin-Hood  and  Church-Hole 
caves,  by  flint  implements  of  a  higher  order,  like  those  foimd  in 
Solutr^  (type  *'  Solutrien  "  of  MortiUet),  accompanied  by  implements 
of  bone  and  antler  and  the  incised  figuro  of  a  horse,  which  proves 
them  to  have  possessed  the  same  artistic  faculty  of  reproducing  the 
forms  of  animals  so  remarkable  in  the  frequenters  of  the  caves  of  the 
South  of  France,  Switzerland,  and  Belgium. 

The  subsequent  history  of  the  caves  in  the  prehistoric  and  historic 
Q.J.G.S.  No.  140.  3d 
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ages  falls  more  properly  within  the  limits  of  anthropology  than  geology, 
and  presents  no  points  of  geological  interest  worUiy  of  being  brought 
before  this  Society. 

Discussion.* 

The  Chairmah  (Prof.  Prestwich)  obseired  that  both  commonica- 
tions  were  of  great  interest.  He  believed  that  this  was  the  first 
instance  of  a  high-level  gravel  being  described  in  the  neighbonr- 
hood  to  which  Mr.  Eisher's  paper  referred.  He  inquired  what  was 
the  height  of  the  hill  on  which  the  Bonlder-clay  oocnrred.  Ilie 
circomstances  much  resembled  those  in  the  Thames  valley  or  near 
Oxford.  In  the  Somme  valley  the  Hippopotamus  occurred  only  in 
the  low-level  gravel;  here  just  the  reverse.  As  regarded  Pirof. 
Boyd  DawMns's  paper,  he  remarked  that  the  succession  also  was  of 
great  interest ;  the  absence  of  man  from  a  particular  cave,  however, 
would  not  necessarily  prove  his  absence  for  the  period. 

Prof.  HiTGHBs  stated  that  the  hills  bounding  the  valley  referred 
to  by  Mr.  Fisher  formed  part  of  the  Chalk-range,  which  was  200-300 
feet  high. 

Mr.  John  Evans  said  that  at  Barrington  tiiere  was  another  satis- 
factory instance  of  the  Pleistocene  Mammalia  in  beds  more  recent  thaa 
the  Chalky  Boulder-day,  and  in  a  condition  showing  they  could  not  be 
remaniL  He  doubted  whether  the  worked  flint  belonged  to  the  age 
of  the  beds.  The  round  stones,  he  thought,  afforded  no  satisfactory 
evidence  of  human  use.  The  materials  of  the  gravel  were  evidently 
derived  from  the  glacial  drift.  At  Barnwell  a  fiint  implement  of 
the  St.-Acheul  type  had  been  found. 

Mr.  R.  H.  TiDDEMAN  congratulated  the  authors  upon  the  impor- 
tance of  their  discoveries,  the  succession  of  the  two  distinct  faunas 
in  the  Cave  tending  to  strengthen  the  views  formerly  held  by  Dr. 
Falconer  as  to  their  relative  age.  The  older  was  almost  identical 
with  the  Hyflena-bed  in  the  Victoria  Cave.  He  felt  bound  to 
challenge  the  remark  of  Prof.  Dawkins,  *'  that  the  existence  of  Man 
with  Hippopotamus  in  the  Victoria  Cave  was  founded  on  a  mistake.* 
He  wished  to  state  that  the  cut  bones  of  Goat  were  found  in  the 
older  beds  in  that  Cave,  under  such  circumstances  that  it  was  im- 
possible that  they  could  have  fallen  from  the  surface,  as  suggested ; 
for,  by  the  method  of  careful  working  adopted,  the  upper  beds  had 
been  previously  completely  removed.  Nor  was  he  (Mr.  Tiddeman) 
singular  in  believing  the  Goat  to  have  existed  in  Pleistocene  times. 

Prof.  Sbeley  said  that  no  river  could  have  occupied  the  regicm 
described  by  Mr.  Fisher,  since  a  slight  depression  would  convert 
the  existing  rivulets  into  estuaries.  He  thought  the  gravels  were 
deposited  in  salt  water,  and  the  freshwater  shells  and  bones  of 
land  animals  had  been  introduced  by  small  streams.  Two  or  three 
specimens  of  Hyaena,  in  excellent  preservation,  were  found  some 
years  since  in  Quy  Fen.  He  had  described,  in  the  Society's  Jounial, 
a  rib-bone  cut  by  man,  found  in  the  Barnwell  gravel,  whidi  was 

•  This  BiBouwion  relatos  also  to  a  paper  by  the  Bey.  O.  Fiaher,  p.  670. 
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associated  with  a  similar  series  of  animals  to  those  found  at  Bar- 
rington. 

Mr.  Callard  said  that  the  men  who  made  the  carvings  on  hone 
were  evidently  Neolithic,  or  still  more  recent,  and  Rhinoceros  ticho- 
rhinus  had  survived  them ;  for  its  remains  were  found  in  the  stalag- 
mite ahove  them. 

Bev.  J.  Magens  Hello  stated  that  he  agreed  with  what  Prof. 
Dawkins  had  said  ahout  the  human  skulls.  One  was  found  in  a 
chamher  where  it  was  hardly  possible  man  would  have  got  in  the 
Palaeolithic  times.  He  replied  to  Mr.  Callard's  remarks  about  the 
age  of  the  human  race. 

Bev.  0.  Fisher  stated  that  another  deposit  with  similar  remains 
had  been  found  half  a  mile  higher  up  the  valley.  The  horse, 
abundant  at  Barnwell,  was  absent  here  at  Barrington.  He  did  not 
think  gravels  could  be  deposited  in  an  estuary. 

Prof.  Bom  Dawkins  said  the  Neolithic  races  of  man  could  be 
traced  in  the  present  European  peoples ;  but  not  the  Palaeolithic. 
The  oldest  race  was  that  of  the  river-bed  men,  who  could  not  now  be 
identified,  and  they  ranged  as  far  as  India.  The  cavern  race  might 
be  identified  with  the  Esquimaux.  As  to  the  cuts  on  the  bones  in 
the  Victoria  Cave,  some  good  judges  thought  they  were  made  by 
metal  tools.  The  bones  were  as  likely  to  belong  to  sheep  as  to 
goat.  Could  it  be  maintained  that  domestic  animals,  such  as  sheep 
or  goat,  were  PalsDolithic  species  ?  So  far  as  Middle  and  Northern 
Europe  is  concerned,  they  do  not  appear  before  the  Neolithic  period. 
He  believed  that  in  this  case  they  came  from  a  deposit  of  post- 
Boman  age,  where  they  were  abundant. 
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56.  On  the  so-oaXUd  Midfobd  SAin>s. 
By  Prof.  J.  BucEHAK,  F.G.8.,  F.L^.    (Read  Jirne  25,  1879.) 

At  the  village  of  Midford,  some  three  miles  to  the  sonth  of  Bath, 
is  a  fine  section  of  the  npper  beds  of  the  Inferior  Oolite  rock,  con- 
sisting of  a  cap  of  oolitic  freestones  of  some  20  feet  in  tiiickness, 
resting  npon  a  mass  of  sand,  of  which  25  feet  are  exposed  at  the 
station,  and  which  presents  all  the  features  of  the  sand  at  Bradford 
Abbas  and  Bridport  Harbour,  as  the  sands  are  loose,  vary  in  colour, 
and  present  occasional  bands  of  hard  compact  stone. 

From  these  sands  being  so  well  shown  at  this  place,  Prof.  Phillips 
was  induced  to  name  them,  after  the  village,  the^''  Mibford  Saitds  ;  * 
and  he  thus  writes  upon  the  section: — 

^<  If  we  wish  to  draw  a  hard  limit  of  mineral  d^osits,  it  ahoold 
probably  be  between  the  sand  and  its  calcareous  cover  (whidi  it 
often  absent) ;  bat  if  we  desire  to  study  organic  sequence,  we  shall 
unite  the  sands  and  their  shelly  cap  into  a  transition  group  "  *. 

Now  as  this  ^'  shelly  cap''  is  the  one  so  highly  ohaiged  with  C^p^o- 
hpoda  we  further  quote  the  following : — 

"The  *Cephalopoda-bed,'  as  Dr.  Wright  proposes  to  call  the  cap 
limestone  of  this  sandy  series,  exists  where  the  shells  to  whidi  it 
owes  its  name  were  specially  abundant,  or  by  some  natural  circum- 
stances were  brought  together.  It  is  not  Ibiown  in  the  vall^rs  of 
the  Gherwell  or  Evenlode,  and  very  partially  in  any  of  the  branches 
of  the  Windrush,  Coin,  or  Chum ;  but  on  the  western  front  of  the 
Cotswold  diflfe  it  extends  from  Cleeve-doud  to  Wotton-under-Edge, 
appears  on  the  Dorsetshire  coast  near  Bridport,  and  is  recognized  in 
France  ''t. 

Mr.  Woodward,  in  his  '  Geology  of  England  and  Wales,'  adopts 
thename  given  by  Professor  Phillips,  as  follows : — 

''Midford  is  a  little  hamlet  about  three  miles  south  of  Bath,  and 
it  was  there  that  William  Smith  first  studied  the  Sands,  and  called 
them  the  ^  Sand  of  the  Inferior  Oolite.' 

<*They  are  very  well  developed  at  Nailsworth  and  Frooester,  and 
the  names  of  these  places  have  1)een  locally  used  to  designate  the 
Sands. 

*^  They  consist  of  micaceous  yellow  sands,  with  occasional  beds  of 
concretionary  sandstone  or  sandy  limestone  called  '  sand  bata '  or 
*'  sand  burrs,  which  sometimes  contain  organic  remains ;  and  they 
are  capped  by  a  brown  marly  iron-shot  limestone,  one  to  three  fe^ 
in  thickness,  which  yields  numerous  species  of  Ammonites,  Belem- 
nites,  and  Nautili,  whence  this  bed  has  been  termed  by  Dr.  Wright 
the  '  Cephalopoda-bed ':(}  while  the  series  has  been  termed  the 
*  Ammonite-sands '  by  Mr.  Hull "  §. 

Now  it  is  the  object  of  this  paper  to  show  that  Prof.  Phillips  has 

*  Geology  of  Oxford  and  the  Valley  of  the  Thames,  p.  118  (1871). 

t  Jbid.  p.  119.  t  **  Dr.  Wridit  termed  the  leriee  Upper  lime  Sanda.'* 

§  P.  168.  Article  "  Midf  ord  jauada.'^ 
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oonfotmded  two  beds,  in  which  he  has  been  preceded  and  followed 
by  the  authors  quoted. 

The  Cephalopoda-bed  at  Midford,  Bradford  Abbas,  Halfway 
Souse,  and  Bridport  is  situated  near  the  top  of  the  Inferior  Oolite, 
wliile  the  Cephalopoda-bed  of  Dr.  Wright  is  situated  at  the  bottom 
of  that  rock  in  Gloucestershire,  and  we  have  traces  of  this  latter 
below  the  sands  in  Dorsetshire. 

The  so-called  Midford  Bands  are  the  equivalents  of  the  Ham-Hill 
building-stone,  of  the  Doulting  oolites,  of  the  brown  freestones  and 
ragstones  of  the  Cotteswolds,  and  of  the  grand  sand  section  at  Brid- 
port Harbour. 

In  the  accompanying  diagram  (fig.  1,  p.  738)  are  placed  side  by 
side  the  Midford  section  and  the  Haresfield  section. 

The  detailed  section  at  Midford  station  is  as  follows  in  descending 
order : — 

ft.  in. 

1.  Soil  and  EubWo 3  0 

2.  Tsioonu-Geit,  oonoBting  of  irregular  ooHtio  limestones  with  but  few 

fossils    12  0 

3.  GRTpnm-GBiT= Cephalopoda-bed  of  Dorset,  full  of  fossUs,  as  at  Brad- 

ford      6  0 

4.  Bed  of  hard  sandy  oolite=2>eio  dfc^  of  Bradford    2  0 

5.  Oolitic  sands  with  occasional  beds  of  sandy  oolite  seen  on  the  line 25  0 

This  bed  to  the  bottom  of  the  yalley  is  nearly  100  0 

The  detailed  section  at  Haresfield  Beacon : — 

ft.  in. 

/  1.  FlagmrBeds«Trigonia-GWt  4    0 

2.  SoftBeds=QBYPmTE-GBiT 3    6 

Shelly  beds     1  ]  Oephalopoda-bbds 


Inferior  Oolite  of 
Glouestershire. 


}\' 


4.  Nodular  Marl /  \^,n^"X^,"l    \   1  0 

6.  SheUTbeds     ...J     of  Cotteswolds  J  ^  ^ 

6.  Oolitic  Marl 6  6 

7.  Diirerentfreeetonebeds=theikfi(^on;san<250to  70  0 

8.  Sandstone 1  6 

9.  Bagstone,  more  or  lees  oblique  deayage    8  0 

10.  Compact  bed  of  stone  2  6 

11.  f  Two  beds  of  soft  OoUte,  fulin  ^^^^^  j,^    .. 
12. J      ofCephalopoda,separatedl^SF!V"f}   2  4 
18. 1      by  aYerru^i  bind  ...  J     ^^'  ^^^^  J 

Upper  Lias.       <  14.  Sands  and  Arenaceous  Marl  of  Upper  Lias. 

We  take  it,  then,  that  the  sections  at  Crickley  Hill  and  Haresfield 
Beacon,  in  Gloncestershire,  in  their  shelly  oolites  and  ragstones,  are 
the  exact  equivalents  of  at  least  120  feet  of  the  sands  which  at 
Midford  and  other  places  in  Somerset,  Bradford  Abbas  and  Sherborne 
in  Dorset,  are  identical. 

These  sands,  as  we  have  before  shown,  are  intermpted  by  occasional 
beds  of  stone  both  at  Midford  and  Bradford,  which  stones  are  usually 
as  full  of  comminuted  fossils  as  the  shelly  oolite  of  Leckhamptx)n 
Hill ;  many  of  them,  however,  are  capable  of  being  identified,  and 
the  list  to  be  given  presently  will  show  much  the  same  fossils  as 
occurring  in  both. 
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Fig.  1. — Sections  in  Midford  and  Haresfidd  Quarries. 

Midford.  Hureifleld. 


Itir 
1.  BoU  and  Bubble..       8 


9.  Trigonia-Orit  ...      13 


a.  Oryphite-Grit  =1 

Cmphalopoda-    V     6 
bed  of  Donet  j 


4.  Dew  Bed 


3.  aiTphlte  Bhalee  3  6 

S.  Shellr  beds 3  • 

4.  NoduJar  marl  ...  1  0 

5.  Sbellj  beds  ......  S  0 


6.  Oolite  Bands, 


kfiOto    100 


6.  Oolitio  marl 6  i 


7.  FrceetosM^  50  to  70  0 


1  « 

~^...  8  0 


Indication  c^Am-^ 
monites  or  Ce-  f 
phalopoda-bed  C" 
of  Glouceeter. ) 


3< 


10.  Band  of  com- )  . 
paet  efeone  ...  f  ' 

11.  Oplialap.-bed.   1  0 


13. 


band 


imanm    ) 


03 


IS.  Cephalopoda-  )   ^  ^ 


14.  Sanda  and  aaris  of 
Upper  liaa. 


15.  Upper  LtM  ihaka 
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It  should,  however,  be  noted  that  in  the  sands  there  are  occasional 
seams  of  carbonate  of  lime,  apparently  deriyed  from  the  decay  of 
layers  of  Testacea  which  have  been  decomposed  in  the  porous  stratum. 

The  Gloucestershire  sections  and  the  Somerset  and  Dorset  ones 
agree  in  having  a  Cephalopoda-bed  at  the  base  and  another  high  up. 
Our  grand  Cephalopoda-bed  in  Dorset  is  the  equivalent  of  the  Gry- 
phite-Grit  on  the  top  of  Leckhampton  Hill,  and  both  are  marked  by 
a  list  of  characteristic  Ammonites,  amongst  which  are  the  following : — 


Ligt  of  Ammonites  common  to  the  Upper  CephalopodaA>ed8 
of  Dorset^  Somerset^  and  Oloueester, 

Ammonitefl  Broochii,  Sow, 

Sowerbii  (Brownii  ?),  Sow, 

concavuB,  Sow. 

corrugatos,  Sow, 


Ammonites  Hamphriesiaiius,  Sow, 

Parkinsoni,  Sow, 

subradiatus,  Sow, 

Inriusoulua,  Sow, 


Now  these  species  are  common  to  both  districts ;  and  be  it  recol- 
lected that  as  sand  underlies  this  upper  Cephalopoda -bed  in  Dorset, 
-while  sand  underlies  the  lower  Cephalopoda-bed  in  Gloucestershire, 
these  two  beds  have  been  considered  as  belonging  to  the  same 
horizon ;  it  was  so  thought  by  the  late  Prof.  Phillips,  and  hence  he 
aimed  at  getting  rid  of  the  difficulty  by  naming  these  as  follows: — 

"  MiDPORD  8Ain)S. 

**  The  last  of  the  liassic  strata,  to  which  the  inferior  oolite  has  not 
quite  relinquished  its  ancient  claim,  is  a  variable  series  of  fine  sands, 
deposited  on  the  upper  lias  clay  in  such  e  manner  as  often  to  defy 
the  geologist  to  draw  a  hard  Ime  between  them.  These  sands  are 
bluish  under  ground,  yellowish  at  the  surface.  They  are  covered  in 
many  districts  in  the  south  of  England  by  calcareous  and  shelly  beds, 
which  on  the  first  view  appear  naturally  associated  with  the  oolitic 
rocks  above;  but  they  contain  many  fossils  which  are  frequent  in  the 
sands  and  not  common  in  the  oolites.  Thus  we  have  in  general 
terms 

Inferior  oolite  above. 

Shelly  calcareous  bed. 
Fine-grained  sands. 

Upper  lias  clay  below. 

*'  Here,  then,  is  a  transition  series  of  beds,  which  for  convenience 
and  for  reasoning  may  be  joined  with  either  or  both  of  the  greater 
deposits,  which,  in  fact,  they  feebly  tie  together''*. 

Now  when  we  consider  that  the  sands  at  Midford  are  the  equi- 
valents of  a  great  mass  of  the  Inferior  Oolite  of  Leckhampton,  Hors- 
field,  and  Criokley,  it  will  be  seen  that,  however  the  name  of  either 
Oolite  or  Lias  sands  for  the  beds  below  the  Gloucestershire  freestones 
may  apply,  the  term  Midford  Sands  cannot  apply  to  the  equivalents 
of  the  freestone  and  ragstone  beds  of  the  Cotteswolds,  of  which  these 
so-called  Midford  Sands  undoubtedly  are  the  equivalents. 

Hitherto  we  have  described  the  beds  below  tiie  so-called  Cephalo- 

*  Geology  of  Oxford  and  the  Yalley  of  the  Thames,  p.  118. 
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poda-bed  at  Midford,  Sherborne,  and  Bradford  Abbas  as  sands;  and 
it  is  interesting  to  mark  how  persist^it  they  are  oyer  a  wide  area ; 
but  we  mnst  guard  against  its  being  supposed  that  it  is  always  so. 
On  the  oontrary ,  at  Ham  Hill,  and  so  far  off  as  Doulting,  in  Somerset, 
the  equiyalents  of  these  sand  beds  with  ocectfional  beds  of  sheUy 
oolite  will  be  made  up  wholly  of  shelly  oolite,  so  much  so  as  to  afford 
thick  masses  of  characteristic  ooHtio  building-stones,  for  whidi  both 
quarries  have  for  ages  been  celebrated. 

In  order  to  make  this  the  more  dear,  we  append  the  following: — 

Fig.  2. — Sections  of  Ham  HiU  and  DouLHng  Quarries. 
Ham  HilL  Dooltmg. 


Fossil-bed  denuded,  so  that  the  whole 
of  this  section  is  below  the  Oepha- 
lopoda-bed. 

1.  Sand  bed  with  enclosed  block  of 

shellj  oolite. 

2.  Foxj-ooloured  thin-bedded  Free- 

stone. 

3.  Freestone  cut  out  in  thick  blocks. 


1.  The  sands  denuded. 

2.  White     thin -bedded 

Freestone. 

a  Thick  blocks  of  whi- 
tish Freestone. 


I|4 


These  sections  may  be  detailed  as  follows : — 

Section  at  Mr,  TrazHs  Quarry ^  Ham  HiU.  f^  ^^ 

1.  Sands  including  a  portion  of  a  '  pot-lid '  of  sheUy  oolite 12    0 

2.  Ochre-beds = equaling  in  part  the  Leckhampton  freestone  bed  50    0 

3.  Beds  of  ochraceous  bmlding-stone  made  up  of  comminuted  shells^  1  <rk    a 

shelly  oolite J^    ^ 

4.  Bough  grey  stone = Pea  Grit   10    0 

6.  SandB=theso-ca]ledOoliteSaads(Lia8ofDr.Wrigfat)atChelteiiham. 

It  wiU  be  seen  that  the  next  quarry  is  by  no  means  so  deep  a 
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working  as  the  Ham-Hill  seotion.    This  latter  is  the  highest  and 
deepest-worked  of  the  series. 

Section  at  Mr,  Trashes  Quarry^  at  DouUing, 

1.  The  upper  beds  denuded   1  ft.  in. 

2.  Thin-bedded  white  freestone,  more  or  lees  made  up  of  oomminuted  V 10    0 

shellfl J 

3.  Blocks  of  freestone  used  for  best  building-stone 25    0 

This  section  shows  that  the  Ham-Hill  equivalent  has  been  denuded 
from  the  upper  part  of  the  quarry,  while  the  beds  below  the  freestone 
are  covered  up ;  but,  judging  from  the  district,  we  conclude  that  the 
building-stone  is  underlain  by  the  blue  or  grey  bed,  and  this,  again, 
by  some  sands. 

At  Milbome  Wyck  we  have  beneath  the  fossiliferous  or  Cephalo- 
poda-bed beds  much  of  the  same  character  as  those  at  Doulting ;  but 
here  the  colour  is  neither  foxy  nor  wholly  white,  but  is  occasionally 
tinctured  with  green  grains,  probably  derived  from  some  phosphatic 
salt. 

From  these  remarks  it  will  be  seen  that  the  composition  of  the 
bed  under  review  is  so  very  variable  that  the  mistakes  made  in  its 
reading  may  be  easily  accounted  for,  as  the  difference  between  a 
thick  rock  of  yellowish  sand  only  occasionally  interrupted  by  bands 
and  pot-lids  of  shelly  oolite  occupying  a  thickness  of  over  100  feet. 
The  ochraceous  building-stone  at  Ham  Hill  and  the  Doulting  beds, 
as  also  their  equivalents  in  Gloucestershire,  are  of  about  tho  same 
thickness.  The  differences  here  noted,  then,  are  very  marked,  so 
far  as  lithological  structure  is  concerned ;  the  thicknesses  at  the  same 
time  very  nearly  accord.  It  is  not  true,  then,  that  "  the  Inferior 
Oolite,  which  near  Teovil  immediately  overlies  the  sands,  is  com- 
paratively thin,  in  consequence  of  the  absence  of  the  thidc-bedded 
limestones  which  impart  such  a  thickness  to  this  formation  in 
Gloucestershire"  *. 

The  so-called  Midford  Sands,  the  sands  at  Bradford  and  near 
Sherborne,  together  with  the  building-stones  at  Ham  Hill,  Doulting, 
and  other  places,  are  neither  more  nor  less  than  Inferior  Oolite,  as 
they  are  all  on  the  same  horizon  as  the  middle  and  lower  beds  of 
this  rock  which  are  so  well  exposed  over  the  Cotteswolds. 

Now  inasmuch  as  the  sands  to  which  Prof.  Phillips  gave  the 
name  of  *' Midford  Sands"  are  not  the  same  as  the  sands  in  Glouces- 
tershire, but  belong  to  a  higher  (Oolitic)  series  of  beds,  the  proposed 
name  will  in  no  wise  solve  the  difficulty ;  and  we  feel  convinced  that 
had  Prof.  Phillips  been  made  acquainted  with  the  true  nature  of  the 
sands  of  Somerset  and  Dorset,  as  now  explained,  he  would  never 
have  proposed  it. 

We  look  upon  it,  then,  that  the  Inferior  Oolite  is  of  about  the  same 
thickness  in  Somerset  and  Dorset  as  in  Gloucestershire ;  there  is  no 
missing  link,  as  some  have  attempted  to'explain  ;  still,  however,  the 
lithology  differs  from  that  of  the  Cotteswolds,  but  not  more  than 
may  be  observed  in  different  parts  of  the  Cotteswolds  themselves,  or 

•  Quart.  Joum.  Geol.  Soo.  vol.  xvi.  p.  34. 
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than  the  difference  of  the  sands  at  Midford  compared  with  the 
admitted  oolites  of  Ham  Hill  and  Donlting. 

If  we  look  to  the  fossils  of  this  part  of  oar  Oolite  series  we  shall 
find  the  subject  beset  with  many  difficulties,  the  chief  being  that 
where  the  rock  is  hard,  as  at  Ham  Hill,  it  is  absolutely  made  up  of 
a  mass  of  comminuted  shells  cemented  by  an  oolitic  matrix,  so  tiiat 
great  industry,  patience,  and  knowledge  of  fossils  is  required  to  get 
them  and  to  make  them  out.  They  are,  however,  both  in  texture 
and  even  in  colour  at  Donlting,  like  the  "shelly  oolite"  of  Brodie, 
and  certainly  contain  many  of  the  fossils  of  that  member  of  the 
Cotteswold  series. 

Another  difficulty  as  regards  the  making  out  of  the  fossils  arises 
from  the  fact  that  as  this  sand  bed  has  been  correlated  with  lias,  so 
many  of  the  shells  are  considered  as  indicating  Lias.  It  is  also 
true,  as  regards  the  Jurassic  of  the  west,  that  several  Lias  forms  do 
actually  occur  in  the  true  Oolitic  deposits,  thus  mounting  higher 
ihan  they  do  in  the  Cotteswolds ;  on  the  other  hand,  what  we  have 
hitherto  taken  as  positively  indicative  of  high  Oolitic  rocks  are 
found  here  in  the  sands, — facts  which  will  be  seen  from  the  list  we 
now  append  to  this  paper. 

The  following,  then,  is  offered  as  an  imperfect  list  of  the  fossils 
from  the  sand  (so-called  Midford)  of  Dorset  and  Somerset ;  it  must, 
however,  be  understood  that  if  they  could  be  made  out  there  are 
probably  very  many  more  species  than  we  have  been  enabled  to 
determine. 

List  of  Fossils  from  the  Sands  of  Dorset  and  their  eguivalents. 

PentacrintUt  oericula  of^  frequent. 

Apiocrinm  Parkituoni^  Brown  and  others.    I  have  a  series  of  ossioula  from  the 

sands,  and  also  a  body  from  the  Dorset  Ammonite-bed,  Bradford  Abbosi 
EoHnroDERMS.    Plates  and  spines  of  Tarious  species  ooour  in  the  sands,  also  in 

the  stones  at  Ham  and  Doiilting. 
Serpula  socialis  oocars  frequently  on  the  surfaces  of  the  blocks  of  oolite  tod  oa 

the  harder  beds  which  occur  in  the  sand. 
Oeustacea,  daws  and  portions  of. 
Belemnites  quadricanalteulatuSf  Quenstedt. 
tricanaUcuUUtat  Quenstedt,  probably  the  same  specie^    These  are  oomiDOQ 

in  the  sand  bank. 

—  '^^I*^^'^*     I  Occur  on  the  blocks  of  stone  ocourrinff  in  the  sands.  Brad- 
stibtenuts,       \     ford  Abbas. 

Nautilus  intermedius,    '\ 

inortuUus,  J 

Ammonites  jurensis.    Common  to  the  sands  and  the  Ammonite-bed. 

Afooreif         \ 

Germaini,     V  From  the  sands  at  Coker.    A.  Moorei  is  common. 

JElgion.         J 

0ASTSBOPODA.  So  rare  that  we  cannot  be  said  to  haye  made  out  a  single  species*. 

*  Since  the  aboTe  was  written  we  have  broken  up  a  block  of  stone  in  the  sand 
at  Bradford  containing  bits  of  at  least  two  Ammonites  and  three  ^wotes  of 
UniTalres. 
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Vexj  rare  on  the  blocks  of  freestone. 


»>0n  the  slabs  intercalated  in  the  sands  everywhere. 


Bbachiopoda,  very  crushed  and  fragmentary.    We  (anoy  we  hare  made  out  the 

following  firom  Ham  Hill : — 
TerebrattUa  hemi8ph<grica,' 
Waldheimia  oarmata, 
jRhynchoneUa  concinna, 

cynocephala, 

.     Other  forms  occur  in  oolite  blocks  in  the  sand  bed. 

liAMBLUBRAMCHIATA. 

Almeida  complicata.    Buckm.  Geol.  of  Cheltenham,  t.  6.  f.  6. 
Gervillia  ^rtmanni.    Oonmion  on  the  sandy  slabs. 
Ostraa  bullata.    Ditto. 

Marsha.    Ditto. 

Binnites  velatus.    Ditto. 
I*€cten  clathratuSf ' 

discifeSf 

^^—annukUuSf 

lens, 

denUssus. 

lAma  dermpunctata  and  others.    Ditto. 
Pinna  Hartmanni.    Ditto. 

• ampla.    The  same  as  the  Ootteswold  Great-Oolite  species ;  sands. 

Astarte  eUgans,    Ditto. 

. jmllus.    Ditto. 

clathratus.    Ham  Hill. 

■         rigida.    Ditto. 

Trigonia  saUpta,    Bradford  Abbas. 

formosa.    Ditto.    These  forms  are  like  those  of  the  sands.    There  are 

perhaps  two  or  three  others  of  both  the  costated  and  olayellated  forms  in 

the  sands. 
Jaocatdia  conctntrica.    Sands. 
Jilodiola,    Two  or  three  forms. 
Tancredia  donoGiformis.    Sandy  stones. 

If  the  foregoing  list  be  examined,  fragmentary  though  it  be,  it 
wUl  convince  any  one  of  the  true  Oolitic  facies  of  the  beds  from 
-which  the  fossils  are  deriyed. 

We  conclude,  then,  from  the  foregoing  remarks  that  the  so-called 
Hidford  Sands  are  true  Oolitic  beds,  not  freestone  at  Midford,  though 
decidedly  so  at  Ham  Hill,  Doulting,  and  over  a  great  part  of  the 
Cotteswolds. 

And  we  especially  dissent  frx)m  the  notion  that  this  sand  bed  at 
liidford  or  in  Dorset  can  in  any  way  be  classed  with  the  so-called 
Oolitic  sands  of  some,  lias  sands  of  others,  of  the  Cotteswolds.  They 
are,  however,  still  confounded  in  our  maps,  though  the  sands  below 
the  freestones  of  the  Cotteswolds  are  situated  at  least  100  feet  below 
the  sands  of  Dorset  with  which  they  have  been  confounded. 


Discussion. 

Mr.  HiTBLESTOir  agreed  with  the  author  in  regarding  the  Cepha- 
lopoda-bed of  Dorset  as  quite  distinct  from  that  of  the  Cotteswolds. 
The  real  difficulty,  he  thought,  would  be  found  in  the  correlation  of 
the  Teovil  Sands. 
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57.  On  Lepidobibous  Lebotibi,  a  new  Spbcisb  of  AcntrjkCBTKmBjg 

from  the  CABBOKIFEBOrS  SbRIES  of  NoBTHOfBERLAKB.      By  W. 

Pebcy  Slabeit,  Esq.,  F.GJ3.,  FJIS.    (Bead  June  25, 1879.) 

[PLATixxxvn.] 

Oir  this  Bide  of  the  Atlantic  the  AgdaerinitidcB  are  fonns  of  the 
Echinodermata  of  snch  rarity  of  oocorrenoe  that  each  m&j  well  be 
spoken  of  as  a  veritable  Phoenix  amongst  fossils !  If  ore  th^n  thirty 
years  have  elapsed  since  the  first-discovered  and  hitherto  solitary 
British  species,  Agdaerinttee  BuManue^  Forbes  *,  was  found  in  the 
Bala  Limestone  of  North  Wales ;  and  to  this  there  can  be  added  only 
two  other  forms,  viz.  A.  boTiemicus,  Edmerf ,  from  the  Silnrian  oi 
Bohemia,  and  A,  rhenanue^  Edmert,  from  the  Devonian  of  the  Eifel, 
to  make  up  a  fall  list  of  the  representatives  of  the  group  in  Europe. 
Indeed  so  great  is  the  rarity  of  these  Cystideans  t^t  the  number 
of  individual  specimens  obtained  from  the  whole  area  may  literally 
be  counted  in  units  on  the  fingers  alone. 

Turning,  however,  to  the  American  continent,  where  AgdaeriniU$ 
was  originally  made  known,  the  group  of  species  is  found  to  be  some* 
what  more  numerous,  whilst  forms  occur  amongst  them  which  rank 
as  allied  genera  §,  and  the  vertical  distribution  extends  from  Lower 
Silurian  up  to  Lower  Carboniferous  strata. 

The  organism  which  furnishes  the  subject  of  the  present  com- 
munication was  obtained  at  East  Woodbum,  in  Northumberiand, 
from  a  schbtose  limestone  belonging  to  the  Lower  Carboniferous 
series,  aud  is  especially  interesting  as  being  the  first  example  of  a 
Carboniferous  form  of  the  AgelacrinitidaQ  occurring  in  Europe.  We 
are  indebted  for  the  discovery  of  this  remarkable  Echinoderm  to 
Prof.  G.  A.  Lebour,  of  Newcastle-upon-Tyne,  to  whose  energy  and 
industry  geologists  already  owe  much  information  on  the  Carbo- 
niferous measures  of  the  north  of  England.  When  originally  found, 
the  fossil  was  greatly  obscured  by  adherent  matdx,  and  further 
clearing  seemed  impracticable,  owing  to  the  extreme  delicacy  of  the 
specimen.  From  the  imperfect  examination  only  then  possible. 
Prof.  Lebour  was  led  to  refer  the  form  to  the  fossil  described  by 
Meek  and  Worthen  as  L^idodiscus  eqiuwiosus  ||,  under  which  naine 
he  contributed  an  interesting  note  to  the  Geological  Society  of 
Belgium  T  upon  its  occurrence  in  England,  and  drew  sundry  infer- 
ences from  its  associations. 

*  Mem.  G^eol.  Survey,  vol.  ii.  (1848),  pt.  ii.  p.  621. 

t  Beoorded  bv  Beyrioh  in  Leonhard  and  Bronn'0  N.  Jahrb.  f.  Min.  GeoL  o. 
Petref.,  1846,  p.  192. 

t  Verb.  d.  Naturh.  Yereins  f.  Bheinl.  u.  Westpfa.  1851,  viii.  p.  357. 

§  Hemicyatites,  Hall,  and  Lepidodisau,  Meek  and  Worthen,  oompriM  fonM 
oririnally  described  as  Agdacrinites. 

If  Proceed.  Acad.  Nat.  Soi.  Philad.  1868,  p.  357;  Gool.  Surr.  Illiiioit,  toL  t. 
(1873)  p.  513. 

f  Ann.  de  la  Soo.  G^L  de  Belg.  t.  iii  p.  21. 
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Subsequently  Prof.  Leboor  kindly  entrusted  his  specimen  to  the 
writer  for  examination,  when,  after  oareAilly  cleaning  away  the 
obstraoting  film  of  matrix  which  covered  a  great  portion  of  the  disk, 
it  was  at  once  evident  that  the  fossil  was  distinct  from  any  hitherto 
recorded. 

I  have  very  much  pleasure  in  associating  the  name  of  my  friend 
with  this  spedeSy  of  which  the  following  description  will  furnish 
the  characters : — 

LiPiDoniBOtTs,  Meek  and  Worthen,  1868. 

LEPmoniscrs  LiBorBi,  sp.  nov.    Plate  XXXYII. 

Agelacrinites  {Lepidodiscus)  squamosuSy  Lebour,  Ann.  de  la  Soc. 
G^L  de  Belg.  t.  iii.  p.  21  (non  Meek  and  Worthen). 

Body  depressed,  discoid  or  subconoid  in  form,  marginal  contour 
slightly  oval;  covered  with  imbricating  plates.    The  rays,  which 
are  six  in  number,  are  elevated  in  relief  above  the  plane  of  the  disk, 
and  are  long,  narrow,  and  strongly  curved  in  semispiral  (five  sinistral 
and  one  dextralX  as  they  radiate  from  the  centre  to  the  periphery, 
parallel  with  the  margin  of  which  they  are  prolonged  for  some 
distance.    The  apical  portion  of  the  disk,  which  is  formed  by  the 
common  union  of  the  radii,  consists  of  seven  or  eight  irregidar 
plates,  compactly  fitting  to  one  another,  which  form  an  uninterrupted 
and  continuous  surface  with  the  plates  which  belong  to  the  radial 
series.    The  brachial  plates  may  consist  either  of  broad,  short*, 
band-like  plates,  which  span  across  the  ray,  or  (more  frequently  ?) 
of  alternating  pairs  of  wedge-shaped  pieces,  the  elements  of  the 
pairs  being  reciprocal  and  presenting  every  degree  of  relative  pro- 
portion.    On  account  of  this  irregular  development  there  is  an 
absence  of  uniformity  in  the  arrangement  of  the  plates,  especially 
in  the  middle  portion  of  the  ray ;  and  this  is  further  augmented  by 
a  tendency  to  division  manifest  in  some  of  the  plates.    A  careful 
study  of  the  specimen  leads  to  the  conclusion  that  the  wedge-shaped 
plates  are  consequent  on  a  certain  retardation  of  development,  and 
that  the  result  is  produced  somewhat  after  the  following  manner : — 
A  ray-plate,  by  reason  of  retardment  of  development,  has  its  distal 
margin  sloped  away,  thus  producing  a  wedge-formed  piece,  which  of 
necessity  requires  a  corresponding  modification  of  the  succeeding 
plate,  in  order  to  maintain  the  equilibrium  of  the  series.    Two 
alternating  wedges  are  the  result.    The  stages  of  diminution  or 
retardment  of  development  are  present  in  every  degree,  the  size  of 
the  companion  plate  varying  proportionally  and  reciprocally.    It 
frequently  happens  that  two  neighbouring  plates  have  the  proximal 
margin  of  the  inner  and  the  distal  margin  of  the  outer  plate,  on  the 

*  It  may  be  well  to  explain  that  the  terms  of  length  and  breadth  used 
throughout  this  paper  are  applied  to  the  plates  in  respect  to  their  proportiona 
irhen  in  natural  position  on  the  organism,  and  do  not  necessarilj  correspond 
with  those  which  would  be  employed  when  familiarly  describing  the  same 
object  in  an  isolated  state.  Thus,  in  the  present  case,  length  is  measured 
between  the  proximal  and  distal  margins,  and  breadth  is  t^  extent  aoroii 
the  ray. 
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same  aide,  curtailed,  so  that  they  form  together  a  wedge-shaped 
pair ;  this  requires  a  reciprocal  modification  of  the  following  plate, 
or  next  two  plates,  as  the  case  may  be.  The  ^ex  of  the  wedges, 
whether  single  plates  or  pairs,  not  nnfrequently  reaches  nearly  to 
the  opposite  side  of  the  ray,  the  corresponding  companion  plate 
being  in  consequence  reducMsd  to  a  quite  insignificant  secondary 
plate  or  scale.  Sometimes  the  alternation  of  wedge-shaped  pUt^ 
or  pairs  of  plates,  is  continued,  in  the  manner  aboye  indicated,  for 
seyeral  successiye  series,  without  a  break,  along  the  ray  (see  fig.  3). 

The  broad,  band-like  plates  occur  at  intenrals  between  the  othen, 
and  in  one  or  more  of  the  rays  a  series  of  three  or  four  follow  in 
succession  immediately  after  the  irregular  apical  plates,  and  form 
the  first  of  the  brachial  series  at  the  inner  extremity  of  the  ray. 
In  one  of  the  rays,  on  the  outer  portion  which  surrounds  the  peri- 
phery of  the  disk,  there  is  a  large  and  uninterrupted  series  of  simple 
plates ;  but  whether  these  occur  in  the  same  portion  of  every  ray 
it  is  impossible  to  say,  in  consequence  of  the  damage  which  our 
specimen  has  suffered.  Each  of  these  broad  plates  has  generally 
both  the  proximal  and  the  distal  margins  somewhat  beyelled  off  at 
either  side,  and  the  extremities  more  or  less  rounded,  thereby 
leaying  a  narrow,  triangular  space  or  aperture  at  the  extremities  of 
the  suture  between  any  two  plates  and  dose  up  to  the  jnnctaoa 
with  the  adjacent  imbricating  interbrachial  area  (see  ^g,  4).  The 
lateral  ends  of  these  plates  are  also  a  little  thickened ;  and  at  a  short 
distance  from  the  same  the  plate  is  somewhat  rapidly,  although  only 
slightly,  arched  upwards,  thus  conforming  to  a  dorsal  convexity  of 
the  ray — a  character  which  the  wedge-shaped  plates  also  exhibit  in 
a  greater  or  less  degree. 

The  interbrachial  areas  are  narrow  and  irregularly  subpetaloid, 
with  the  inner  or  arm-angle  well  rounded ;  they  are  oovered  with 
large  subrhomboidal  plates,  which  are  strongly  imbricated  inwards — 
that  is  to  say,  an  outer  plate  overlaps  the  margin  of  its  more  internal 
neighbour.  In  relative  proportion  the  lengdi  of  a  plate  is  usually 
equal  to,  or  sometimes  greater  than,  the  breadth,  one  of  the  largest 
measuring  0*1  of  an  inch.  The  free  angle  is  slightly  rounded,  and 
this  becomes  more  pronounced  as  the  plates  approach  the  periphery, 
where  they  are  also  proportionally  broader.  The  plates  immediately 
within  the  marginal  portion  of  ^e  ray  are  somewhat  smaller  and 
more  squamiform  than  the  rest;  whilst  those  on  the  outer  side, 
which  form  the  margin  of  the  didc,  become  broad  short  scales,  quite 
different  in  fades  from  the  diamond-shaped  plates  which  constitute 
the  general  tessellation  of  the  interradium.  It  seems  probable  that 
this  marginal  series  of  scales  was  imbricated  outwardly,  that  is,  in 
the  opposite  direction  t^o  the  inner  series ;  but,  unfortunately,  veiy 
little  of  this  portion  of  the  fossil  remains.  Along  the  line  of  junction 
of  the  interradia  with  the  raised  rays  are  traces  of  a  series  of  small 
scale-like  plates,  which  imbricate  or  abut  upon  the  flat  ends  of  the 
plates  of  the  brachial  series ;  these,  however,  can  only  be  detected 
here  and  there,  owing  to  the  condition  in  which  the  fossil  is  pre- 
served, and  their  obscurity  is  explained  by  the  supposition  that 
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Zepidodiscus  was  to  a  certain  extent  ooUapeible,  and  that  the  upper 
rajr-plates  could  be  more  or  less  drawn  in  when  the  animal  assumed 
its  retracted  or  uninflated  state. 

The  interbrachial  area  enclosed  between  the  single  deztral  ray 
and  the  sinistral  one  which  stands  opposed  to  it  is  subtriangular  in 
contour  and  larger  than  any  of  the  other  areas ;  it  contains  also  an 
orifice,  situated  in  the  angle  formed  by  the  curve  of  the  sinistral 
ray,  which  was  originally  closed  by  narrow  wedge-shaped  plates, 
and  was  in  all  probability  the  periproctium,  and  the  homologue  of 
the  anal  tube  of  Crinoids. 

The  imperfect  preservation  of  the  part  of  the  disk  just  mentioned 
prevents,  unfortunately,  the  extremity  of  the  odd  dextral  ray  being 
followed  to  its  final  termination.  This  ray,  after  extending  for 
some  distance  along  the  area  within  the  curve  of  the  sinistral  ray, 
bends  inward  towards  the  periproctial  aperture,  and  is  lost  in  the 
confusion  which  occurs  amongst  the  plates  in  that  vicinity. 

The  surface  of  the  plates  is  finely  granular,  and  when  magnified 
is  seen  to  be  densely  covered  with  accurately  rounded  spherules ;  no 
order  is  traceable  in  their  arrangement  on  the  plates  of  the  inter- 
radia ;  but  on  those  of  the  rays  the  granules  show  a  tendency  to  run 
into  one  another,  and  usually  assume  a  linear  arrangement  across 
the  plates. 

Absolutely  nothing  can  be  said  respecting  the  under  surface  of  the 
present  fossil,  and  hardly  any  light,  beyond  the  record  Forbes  has  given 
of  the  fragmentary  structures  preserved  in  Agelaerinites  Buchiamu^^ 
has  yet  been  thrown  upon  the  structure  of  this  part  of  the  Agela- 
crinitidas  by  any  specimens  hitherto  described.  In  commenting  upon 
an  example  of  L^dodiscus  cincinnatitnsU,  Romer,  found  at  Kich- 
mond,  Indiana,  which  seemed  **  to  have  grown  on  one  of  the  valves 
of  an  Amhonyehia,  and  from  which  the  shell  had  separated  in  such 
a  manner  as  to  take  with  it  the  underside  of  the  Agelaorinites^  and 
leave  its  upperside  in  the  matrix  so  situated  as  to  expose  its  inner 
surface,*^  Mr.  Meek  f  states  that  **  the  inner  side  of  each  arm  or 
ray  is  here  seen  to  be  composed  of  a  single  series  of  quadrangular 
pieces  that  are  not  imbricating,  while  the  disc-plates  near  the  outer 
margin  show,  on  their  inner  surfaces,  little  parallel  ridges,  directed 
inward,  and  apparently  fitting  into  corresponding  furrows  in  the 
lapping  edges  of  the  contiguous  pieces."  Of  the  plates  mentioned 
above  as  forming  the  floor  of  the  radii,  there  are  indications  in  the 
present  specimen,  at  the  broken  extremity,  of  more  than  one  of  the 
rays ;  but  respecting  their  individual  form  in  this  species,  or  of  the 
other  structures  observed  by  Mr.  Meek,  it  is  impossible  to  speak. 

The  dimensions  of  the  specimen  are  as  follows  : — the  greater  dia- 
meter measures  0*98  of  an  inch,  the  lesser  0*8 ;  breadth  of  a  ray  near 
the  inner  extremity  about  0*07. 

Remarks, — ^The  specimen  has  been  crushed  and  somewhat  distorted 
prior  to  or  during  the  process  of  fossilization,  and  its  margin  has  also 
suffered  considerable  damage  when  the  matrix  was  first  roughly 

*  Mem.  Geol.  Surrey,  toI.  ii.  pt  2,  p.  522. 

t  QeoL  SoTT.  Ohio,  voL  i.  pt  2  (PaJjDont),  p.  65. 
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deared  away.  The  whole  organism,  as  usual  in  most  of  the  remains 
of  Agelacrinitida3  yet  found,  is  much  flattened,  a  circumstance  which 
renders  it  difficult  to  say  what  was  the  exact  form  presented  by  the 
body  when  in  life.  That  its  dorsal  surface  was  more  or  less  oouTex 
or  subconoidal  is  beyond  doubt ;  and  it  is  also  extremely  probable  that 
in  the  present  type  of  Lepidoducui^  at  least,  the  hard  teat  was  to  a 
certain  degree  flexible  and  collapsible:  hence  the  fedr  deduction 
follows  that  the  animal  would  doubtless  have  astonished  its  captors, 
if  there  had  been  dredgers  in  those  early  seas,  as  much  as  AMh^ 
nasoma  (=  Cah/eria^  Wy.  Thomson)  did  by  its  palpitations  when  first 
hauled  on  board  H  JLS.  *  Porcupine '  during  the  expedition  in  1869. 
The  imbricating  scale-like  nature  of  the  plates  would  alone  naturally 
lead  to  this  conclusion ;  and  the  presumption  is  further  strengthened 
when  the  manner  is  noted  in  which  the  spirally  disposed  radii  are 
displaced  and  contorted  under  the  action  of  the  flattening  to  which 
the  test  has  been  subjected.  In  addition  to  iiiis  it  should  not  be  lost 
Bight  of  that  the  form  of  the  plates  of  the  radial  series  likewise  fur^ 
nishes  strong  evidence  in  favour  of  such  a  view ;  for  the  arched  maiigins, 
the  bevelled  ends,  and  the  blank  interspaces  are  all  provisions  calcu- 
lated to  aflbrd  flexibility ;  and  although  the  property,  it  is  true,  mi^t 
be  possessed  only  to  a  very  limited  degree  by  the  radii  taken  as  a 
whole,  it  would  nevertheless  be  sufficient,  in  all  probability,  to  corre- 
spond with  the  movement  of  the  disk-plates — a  concord,  it  may  be 
noted,  without  which  the  utdlity  of  the  imbrication  of  the  latter 
would  seem  very  remote. 

Some  American  palsBontologists  remark  on  what  they  have  con- 
sidered to  be  traces  of  pores  (presumably  of  ambulacral  function 
from  the  manner  in  which  the  statement  is  made),  situated  between 
the  plates  of  the  radial  series ;  but  in  no  instance  that  I  am  aware 
of  have  such  pores  been  actually  discovered.  There  is  certainly 
nothing  of  the  kind  in  the  Northumberland  specimen ;  and  I  would 
suggest,  without  slighting  in  any  way  the  observations  just  alluded 
to,  the  possibility  that  the  blank  interspaces  which  have  been 
described  in  L,  Lebouri  as  situated  at  either  end  of  the  line  of 
junction  of  the  ray-plates  may  have  been  mistaken  for  true  tenta- 
cular foramina — an  error  which  might  easily  occur  if  the  specimen 
had  only  been  imperfectly  cleared. 

The  early  writers  on  Agelacrinitidse  regarded  the  mouth  as  opening 
on  the  central  portion  of  the  dorsal  surface,  at  the  junction  of  the 
radii,  although  none  of  the  fossils  then  known  were  in  a  condition 
to  prove  whether  an  orifice  existed  or  not.  This  view  must  now  be 
considered  erroneous,  as  several  of  the  recently  discovered  speotmois, 
which  are  more  perfectly  preserved,  show  unmistakably  that  no  such 
orifice  was  present  on  the  dorsal  surface.  The  fossil  now  under 
notice  is  closely  plated  in  the  centre  of  the  disk,  and  certainly 
possessed  no  external  aperture  in  that  region  of  the  test. 

The  orifice  situated  in  the  large  interbraohial  area  was  referred  to 
by  Forbes  (2oc.  ctt.)  as  the  "  ovarian  pyramid;"  this  opinion  has  been 
followed  by  numerous  writers  up  to  the  present  time,  whilst  othen 
have  considered  it  to  function  as  mouth  or  mouth-anus  respectmly. 
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I>r.  Liitkeii*,  however,  has  pointed  out  some  time  ago  the  analogy 
of  this  aperture  in  Agelacrinitidsd  with  the  anal  tube  of  recent  and 
tlie  so-called  "  proboscis  *'  of  Palaeozoic  Crinoids ;  concurrently,  there- 
fore, with  that  view,  the  opening  in  question  has  been  spoken  of  in 
the  above  description  as  the  periproct  or  anal  aperture. 

Affinities  and  Differences, — Although  the  various  species  of  Agelar 
crinitidsB  present  a  general  facies  whose  similarity  at  first  sight  is 
very  striking  in  a  group  maintaining  such  an  extended  distribution 
both  in  a  vertical  and  horizontal  direction,  they  will  nevertheless  be 
found  on  analysis  to  exhibit  numerous  divergences  from  the  type  which 
are  very  difficult  to  understand,  and  of  which  the  explanation  is  most 
hazardous,  and,  indeed,  scarcely  possible  from  the  very  scanty  and 
isolated  material  which  palaeontologiBts  as  yet  have  at  their  disposal. 
In  support  of  this  remark  no  further  instance  need  be  dted  than  the 
occurrence  of  the  Agdacrinites-ioim  and  the  Lepidodiscus-iorm  in  the 
Lower  Silurian,  and  also  both  in  the  Lower  Carboniferous  as  well, 
thus  leaving  us  unable  to  say  which  of  these  should  be  looked  upon 
as  the  original  type ;  whilst  the  entire  absence  of  all  intermediate 
forms  prevents  us  from  throwing  any  light  upon  the  causes  which 
brought  about  the  modification  or  the  stages  that  have  intervened. 
As  our  knowledge  of  this  interesting  group  is  unfortunately  so 
fragmentary,  we  are  unable  to  do  more  than  point  out  the  external 
characters  which  distinguish  the  present  form  from  those  with  which 
we  are  already  familiar ;  and  a  glance  at  the  list  which  is  given 
below  will  show  that  the  number  of  species  with  which  we  can  thus 
draw  comparison  is  very  small. 

The  Carboniferous  forms  of  Agelacrinitidse  have  been  known  to  us 
hitherto  only  from  America — ^the  only  two  species  being  Agelacrinites 
Jcaskashiensis^  Hall,  and  Lepidodiscus  squamosus,  Meek  and  Worthen ; 
the  former  found  in  the  Easkaskia  limestone  at  Kaskaskia,  Illinois, 
and  the  latter  coming  from  the  Keokuk  beds  of  CrawfordsviUe, 
Indiana. 

The  resemblance  of  Lepidodiscus  Lehouri  and  Agelacrinites  Jcas- 
haskiensis  is  merely  superficial,  for  the  imbricating  plates  and  the 
character  of  the  radial  series  furnish  diagnostic  features  which 
readily  separate  the  two  species.  The  affinity  with  Lepidodiscus 
squamosus  is  much  closer :  the  Northumberland  specimen  resembles 
the  Indiana  form  in  having  imbricating  interradial  plates ;  but  these 
are  distinguished  in  L.  Lebouri  by  being  much  more  angular 
(rhombic)  in  form,  and  by  having  their  length  equal  to  or  greater 
than  the  breadth,  and  the  margins  always  rounded;  and  L,  Le- 
houri further  difiers  in  having  larger,  and  consequenUy  less  nume- 
rous, disk-plates,  which  are  also  more  uniform  in  size  than  in 
L.  squamosus.  There  is  a  wide  diflference  between  the  two  species 
in  the  structure  of  the  radial  series.  In  L.  squamosus  these  consist 
of  a  double  row  of  narrow  plates,  but  little  broader  than  long,  which 
abut  against  one  another  in  the  median  line ;  whilst  in  L.  Lebouri 
they  are  either  wedge-shaped  pieces  alternating  with  one  another, 
or  single  band-like  plates  whidi  extend  across  the  ray.    It  is  also 

*  Yidensk.  Meddel.  f.  d.  Naturh.  Forening  i  Kjobenhayn  for  1869,  p.  187. 
aJ.G.S.  No.  140.  3ii 
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to  be  noted  that  L,  Lebouri  is  distinguished  from  L.  squamosus  hj 
having  six  rays,  which  are,  moreoyer,  proportionally  narrower  than  in 
the  American  fossil,  and  very  slightly  tapering.  The  two  rmnaining 
species  of  Lqndoditeui  (L,  dndnnatienms,  Romer,  and  L.  pUnUf 
Hall,  both  from  the  Lower  Silurian)  are  differentaated  from  our 
species  still  further  than  those  which  haye  been  compared  abore. 
L.  Lebouri  is  also  very  distinct  from  each  of  the  European  Agela- 
crinitidee.  The  Beyonian  species  (A.  rhmanus,  Romer),  however, 
presents  a  feature  which  is  interesting  when  compared  with  tiie 
present  Cystid ;  the  fossil,  which  is  imperfectly  preserved,  is  r^>re- 
sented  as  possessing  a  single  series  of  broad  plates  which  span  the 
rays,  a  character  hitherto  looked  upon  with  doubt,  and  considered 
as  abnormal  amongst  the  group,  but  which  now,  when  viewed  by  the 
ride  of  L,  Lebourij  will  be  regarded  as  presenting  a  stage  in  the 
series,  although  an  extreme  type,  it  is  true,  and  difficult  to  associate 
with  our  present  knowledge  of  the  forms  of  Agelacrinitidse. 

The  following  list  indicates  the  stratigraphical  distribution  of  the 
group,  as  well  as  the  generic  subdivisions  into  which  they  hare  been 
classified: — 

AGELACRIlTITn)^. 

(a),  AoBLACKiNTTBS,  Vauuxcm. 

(Plates  of  the  intemdis  not  imbricating ;  radii  onrred.) 
A.  BuchianuSf  Forbes.    Lower  Silurian :  Bala  Limestone. 
A.  Dickscni,  Billings.    Lower  ^unan :  Trenton  Limestone. 
?A.  vorHceQaia,  HalL    Lower  Silurian :  Cincinnati  group. 
?A,  [Edrioa$Ur^  B^fAyi,  Billings.    Lower  Silurian :  Trenton  limestoBS. 
A,  hamiUonensu,  Tanuxem.    Deyonian :  Hamiliton  group. 
A.  rhenanus,  Bomer.    DeTonian :  Eifel  Limestone. 
A.  kaskaskientis,  Hall.    Lower  Carboniferous:  KftskMkia  limestone. 

(/3).  LEPmooTscus,  Meek  and  Worthen. 

(Plates  of  the  interradia  imbricating ;  radii  ourred.) 
L,  cincinnatim$iSt  Bomer.    Lower  Silurian:   Cincinnati  and  TrenUm 

Limestones. 
Z.  pUeus,  Hall.    Lower  Silurian :  Cincinnati  group. 
L.  wuamomst  M.  &  W.    Lower  Carboniferous :  Keokuk  group. 
L.  Lebourif  Sladen.    Lower  Carboniferous :  Bemidan  beds. 

(y).  Hemiotsiitks,  Hall. 

(Badu  straight) 
S.  [Agelacrmitea]  bokemieut,  Bomer :  Lower  Silurian. 
K  iJ^elaenmiesj  BUUnffm,  Chapman.    Lower  Silurian:  Trenton  Lime- 
stone. 
IT.  sielUUtis,  Hall.    Lower  Silurian:  Cincinnati  group. 
?  H,  (CystaaerUfranulaiu^  Hall.    Lower  Silurian :  Cincinnati  groap. 
H,  paranHca,  Hall.    Upper  Silurian :  Niagara  group. 

Locality  and  Horizon. — Prof.  Lebour  has  kindly  given  me  detaib 
of  the  geological  position  of  this  Cystidean,  which  was  found  by  him 
in  an  impure  limestone  cropping  out  in  the  river  Bede,  whbn  it 
forms  a  low  water-fall  just  north  of  the  bridge  above  the  village  of 
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East  Woodbnrn.  The  limeetone  oconrs  in  thin  courses,  separated  by 
bands  of  calcareoos  shale,  and  is  remarkable  for  the  great  quantity 
of  well-preserved  Polyzoa  to  be  found  in  it.  It  is  somewhat 
flaggy,  having  a  tendency  to  split  up  into  flakes,  and  the  faces  are 
crowded  with  specimens  of  FenesUUce^  Cerioporof,  Leda  attenuata^ 
OrthoceraiUes,  &c.  The  limestone  is  sometimes  known  as  the  ^^  Brigg 
limestone,"  and  is  associated  with  a  thin  coal  which  has  been  worked 
from  time  to  time,  but  only  in  a  very  small  way.  Both  limestone 
and  coal  are  in  the  Lower  Bemician,  or  lower  part  of  the  Carbo- 
niferous Limestone  series,  not  very  far  below  the  Bidsdale  Lronstone 
shale. 

EXPLANATION  OP  PLATE  XXXVU. 

Fig.  1.  Lepidodiaeus  Lebourit  Sladen:  magnified  3^  diameters. 

2.  The  same :  Dat.  size. 

3.  Diagrammatic  representation  of  the  wedge-shaped  plates  of  the  rajs, 

much  enlarged. 

4.  The  simple  broad  plates  on  the  marginal  portion  of  a  ray,  much 

enlarged* 
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58.  Note  (3rd)  on  (Eucjucbbotus,  HuXke)  Oriothofsis,  JJ.  G, 
Seeley^  =  Bothrxospondyltts  MAeinrs,  Ow^n^  =  Chondbostbo- 
SAUBUB  MAGNUS,  Owett,  Bj  J.  W.  HuLKB,  Esq.,  E.B.S^  F.GJi 
(Read  May  28,  1879.) 

Thb  following  paper  contains  a  description  of  an  nnosually  perfect 
dorsal  vertebral  centrum  of  OmithopHs,  additional  information  re- 
specting the  cervical  and  anterior  dorsal  vertebrse,  and  a  comparison 
of  its  pnesacral  vertebrae  with  those  of  several  recently  discovered 
Colorado  Dinosaurs,  bringing  out  several  concordances  but  also  sndi 
differences  as  prove  the  generic  distinctness  of  Omitkopsis. 

Our  knowledge  of  the  skeleton  of  this  remarkable  Wealda 
Dinosaur  is  still  so  incomplete  that  I  deem  myself  fortunate  in 
being  able  to  submit  to  the  notice  of  the  Society  an  unusually  well- 
preserved  vertebral  centrum,  which  I  obtained  from  the  sea-elif^ 
near  Chilton,  Isle  of  Wight,  in  1875 ;  the  description  of  which  and 
the  remarks  that  follow  may  be  regarded  as  a  continuatLoni  of  two 
former  notes  on  the  vertebrse  of  this  Saurian*. 

This  new  centrum  (No.  178,  ColL  H  t)  (%  1),  like  that  witk  which 

Fig.  1. — Beduced  side  view  of  a  Trunk-i^ntrum  of  (Eucamerotos* 
fftdke)  Omithopsis,  Seeley. 


/.  Front.  c.  CanaL 

I  identified  my  neural  arch  (No.  67,  Coll.  H)  in  the  summer  of  1870 
(the  Mantellian  fossQ,  No.  28632,  Brit.  Mus.  Catal.,  Wealden,  S  JL 
England),  is  characteristicaUy  opisthocoelous,  the  posterior  cup  being 
deeply  hollow,  and  the  anterior  convexity  correspondingly  prominent. 
The  contour  of  the  articular  ends  is  oval,  the  longer  diameter  verti- 
calj  the  upper  end  of  the  oval  cut  off.  In  its  present  state  the  vertical 
diameter  of  the  posterior  surface  is  about  3*5  inches,  the  horizontal 
diameter  about  2*9  inches ;  but  these  measures  must  be  regarded 
only  as  approximative,  because  the  edge  of  the  cup  is  worn,  and 
the  whole  form  is  slightly  distorted  by  pressure.  I  think  that  when 
the  shape  was  perfect,  the  difference  of  the  diameters  was  leas 

*  Quart.  Jouni.  G«ol.  See.  toL  xxri.  p.  318,  pi.  xxii.  1870;  and  toL  xxriiL 
p.  36. 1871  (read  Nov.  22,  1870). 

t  This  no.  refers  to  the  Gdtalogue  of  my  collection.  I  ^i^^  it  beeaose  I  baTi 
mjself  often  felt  how  advantageous  it  woiUd  be  to  be  able,  at  a  (ntore  tuBe»  to 
identiiy  the  actual  fossil  described  by  an  author. 
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than  now.  The  under  surface  of  the  centrum  is  flattened  transversely 
(this  flattening  may  have  heen  increased  by  pressure,  but  it  has 
not,  I  believe,  been  wholly  caused  by  it),  whilst  longitudinally  it  is 
made  very  concave  by  the  swelling  of  the  centrum  towards  the 
articular  ends.  The  sides  of  the  centrum  are  excavated  by  a  large 
chamber,  which  is  its  most  striking  feature.  The  external  opening 
of  this  chamber  is  an  oval  not  less  than  3*5  inches  long  and  2*2 
bigh.  The  upper  border  of  the  opening  is  thinner  and  more  arched 
than  the  lower  border,  which  is  stouter  and  nearly  straight.  Inside 
this  opening  the  chamber  extends  forward  into  the  convexity  of  the 
front  end  of  the  centrum,  reaching  to  within  a  short  distance  of  the 
firticular  surface ;  it  stretches  backwards  almost  to  the  surface  of 
the  posterior  cup ;  it  dips  downwards  to  a  lower  level  than  the 
lower  border  of  the  opening ;  and  it  rises  above  to  the  under  surface 
of  the  floor  of  the  neural  canal  which  assists  to  form  its  roof.  The 
depth  of  this  large  chamber,  measured  vertically  from  the  chord 
of  the  lateral  surface  of  the  centrum,  is  about  1*4  inch;  and  the 
chambers  in  the  opposite  halves  of  the  centrum  approach  one  another 
430  closely  that  they  are  separated  only  by  a  very  thin  partition- wall 
in  the  longitudinal  median  plane,  which,  below,  rests  on  the  lower 
part  of  the  centrum,  and  above  bears  up  the  floor  of  the  neural 
caDal.  On  each  side,  near  its  middle,  this  partition-wall  is  strength- 
ened by  a  vertical  buttress-plate,  which  also  furnishes  additional 
support  to  the  floor  of  the  neural  canal  and  the  roots  of  the  neural 
arch.  The  annexed  sectional  diagrams  will  assist  in  forming  a  dear 
idea  of  this  singular  structure  (flgs.  2, 3). 

Fig.  2. — Transverse  Section  of      Fig,  3. — Horizontal  longitudinal 
the  Trunk-centrum  (fig.  1).     Section  of  the  TrunJc'Cenirum(^g,  1). 

/ 


b 


a.  Upper  lip  of  side  opening. 
d.  Lower  lip  of  ditto. 
c,  o.  GhamTOrs. 
p.  Partition. 
o.  Buttress. 


^^'^^^'^ 


f.  Front 
c,  e.  Chambers. 
p.  Partition. 
6.  Buttress. 


The  bony  tissue  forming  the  outer  surface  of  the  centrum,  as  also 
that  which  lines  the  chambers  and  composes  the  partition-wall  and 
buttress-plate^  has  a  fine  grain ;  it  is  less  smooth  and  polished  than 
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18  my  first  vertebra  (No.  67,  ColL  H.),  shown  to  the  Sooiety 
February  9,  1870.  The  sptmgy  tissue,  ahnost  restridsd  to  the  eada 
and  lower  part  of  the  centnun,  is  ooarse,  but  not  nearly  so  kungfr- 
oelled  as  in  No.  67.  This  textural  difference  may  not  impiobably 
be  due  to  the  different  ages  of  the  two  animals  to  which  the  y&^ 
tebree  belonged.  No.  67  was  one  of  the  largest,  and  this  centrum 
(No.  178,  (bll.  H.)  is  by  much  the  smallest  of  a  score  whidi  at  Uie 
present  time  are  known  to  me.  A  gradational  difference  of  texture 
capable  of  simple  and  natural  explanation,  and  outweighed  by  Teiy 
dose  correspondence  of  figure,  does  not  appear  to  me  to  be  a  suffi- 
cient ground  for  regarding  the  smaller  centrum  as  repres^iting  a 
new  species,  and  I  consider  it  simply  as  coming  £rom  a  moA 
younger  individuaL  The  absence  of  rib-joint  from  the  centnon 
places  this  vertebra  in  that  part  of  the  vertebral  column  which  ia 
the  crocodile  b  behind  the  12th  centrum ;  and  the  very  large  sixe 
of  the  lateral  openings  and  of  the  chambers  confirms  this  position. 

The  genus  OmUhcpsis  was  founded  in  1869,  by  Mr.  K.  G.  Seeky, 
on  two  vertebral  centra  preserved  in  the  British  Museum.  Both 
originally  formed  part  of  the  collection  of  the  late  6.  A.  MantdU 
The  first  is  labelled  No.  28362,  Wealden,  S.E.  England.  Tbe 
second,  No.  2239,  Mantell  regarded  and  figured  as  the  tympanic 
bone  of  Iguanodon^  although,  as  he  mentions,  he  had  reoc^nised  in 
it  some  resemblance  to  a  vertebra*.  This  detennination  was  adopted 
by  Prof.  E.  Owen,  who  described  it  as  a  tympanic  bone  in  his 
^'Eeports  on  Brit.  Foss.  Bept.,"  1841  f,  and  again  described  and 
figured  it  as  such  in  PaL  8oc.  vol.  for  1854,  with  the  reservatioii 
that  it  might  perhaps  be  the  tympanic  bone  of  Ceteosavrns  or  of 
Strept09pondylust,  The  vertebral  nature  of  this  fossil,  as  has  been 
mentioned  by  Prof.  Owen  in  1875,  in  his  memoirs  on  B&Utrio^ 
spondylus^  was  first  dearly  perceived  by  Prof.  H.  G.  8€eley§.  In 
a  paper  read  at  the  sitting  of  the  Cambridge  Philos.  Sodety,  No- 
vember 22,  1869,  he  announced  this  new  view  of  its  skeletal  posi- 
tion, sketched  the  more  striking  features  common  to  it  and  to  the 
centrum  No.  28362,  Brit.  Mus.  Catal.,  asserted  their  distinctness 
from  all  known  vertebral  forms,  drew  attention  to  their  likeness 
(in  respect  of  the  extreme  lightness  of  their  construction  and  the 
side  opening)  to  the  vertebree  of  Pterodactyles  and  birds,  tiirew  out 
suggestions  relative  to  the  habits  and  affinities  which  this  stnie- 
tural  resemblance  seemed  to  indicate,  and  gave  to  the  new  genus 
represented  by  these  fossils  the  generic  name  Omithopsis[\. 

A  few  months  after  this,  my  first  note,  '^  On  a  new  and  unde- 
scribed  form  of  Wealden  Yertebra, "  was  read  here  if.  It  showed  the 
former  existence  in  the  Wealden  district  of  a  huge  Saurian,  tu 
exceeding   Mantell's  Iguanodon  in  bulk,    having  trunk-vertebra 

*  Geol.  of  S.B.  England,  pp.  305,  d06,  pL  ii.  fig.  5,  snd  Fossils  of  Brit  Xuil 
(8vo,  London,  1861),  p.  266. 
t  Brit.  Absoc.  Rept  1841,  toI.  xi.  p.  124. 

I*  Monogr.  Fobs.  Bept.  of  Wealden,'  p.  18,  pi.  x.  (PaL  Soa  toI  18MV 
MonoffT.  Mesoxoio  Kept,  part  ii  p.  28,  pi.  rii.  (BaL  Soc  tqL  for  1875). 
Annals  and  Mag.  of  Nat  Hist.  1870,  yoL  y.  p.  279. 
Quart.  JToum.  Geol.  Soc  (1870)  toL  xxri  p.  318,  pL  xxii 
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iextaraHy  oharaoterized  by  great  oompaotneBS  of  the  cortical  bone, 
which  oeonrred  chiefly  in  the  form  of  thin  sheets,  and  by  an  ex- 
tremely large-celled  cancellous  tissue.  As  regards  their  form,  the 
▼ertebrsB  were  distinguished  by  having  superadded  to  the  usual 
zygapophyses  a  yerti^  bolt-plate  produced  downwards  from  the 
median  junction  of  the  postzygapophyses,  and  a  corresponding 
notch  with  smooth  articular  sides  for  its  reception  between  the 
pradzygapophyses  —  an  arrangement  in  principle  comparable  to 
zygosphene  emd  zygantrum.  These  are  shown  in  figures  1  and  4, 
pL  xxii.,  vol.  xxvi.  (1870). 

Pnrther,  these  vertebrsB  bore  a  double  rib-joint ;  they  had  a  sin- 
gularly complex  spinous  process,  and  an  unusually  developed  platform 
in  the  level  of  the  crown  of  the  arch  from  which  the  transverse 
process  (diapophysis)  jutted  boldly  upwards  and  outwards  to  a  con- 
siderable distance,  strutted  and  buttressed  by  thin  sheets  of  bone, 
between  which  are  large  and  deep  recesses. 

These  characters  collectively  justified  me  in  referring  the  animal 
represented  by  this  fossil  to  the  order  Dinosauria ;  and  the  singular 
beauty  of  the  groined  entrance  of  the  neural  canal  suggested  the 
name  Eucamerotus, 

The  dose  agreement  of  their  bony  tissues  and  plan  of  construc- 
tion had  impressed  me  with  the  idea  of  the  identity  of  my  neural 
arch  and  the  Mantellian  centrum,  No.  28632,  the  first  of  the 
two  centra  on  which  Seeley's  genus  Ornithopsis  was  founded;  but 
at  the  moment  proof  of  this  was  wanting.  Very  shortly  afterwards 
the  Rev.  W.  Fox  showed  me  in  his  collection  a  mutilated  centrum, 
retaining  enough  of  the  arch  and  superstructures  to  establish  beyond 
doubt  the  identity  of  Eucamerotus  and  Ornithopsis,  No.  28632 
being  regarded  as  the  type  of  this  latter.  The  identification  neces- 
sarily entailed  the  withdrawal  of  Eucamerotus  as  a  generic  name  in 
favour  of  the  prior  Ornithopsis ;  and  the  latter  acquired,  in  addition 
to  its  opisthocoelous,  large-cancellated,  side-chambered  trunk-centra, 
the  clmracters  derived  from  the  neural  arch  and  processes  of 
Eucamerotus, 

On  September  28, 1870, 1  found,  in  a  local  collection  in  the  Isle 
of  Wight,  a  trunk-centrum  of  Ornithopsis  which,  although  both  ends 
bad  been  shortened  by  abrasion,  measured  11  inches  in  length, 
6'5  inches  across,  and  about  9  inches  in  height,  affording  additional 
evidence  of  the  immense  size  of  the  animal.  The  external  opening 
of  the  side-chamber  was  a  long  oval,  of  which  the  height  was  to  the 
length  roughly  as  1 :  2. 

A  persevering  search  along  the  cliffs  through  the  whole  length 
of  the  Wealden  exposure  at  the  west  end  of  the  Isle  of  Wight,  by 
the  Eev.  W.  Fox,  resulted  in  the  addition  of  several  instructive 
pieces  to  his  collection.  My  own  occasional  efforts  were  rewarded 
by  the  vertebra  exhibited  to-night  and  a  large  very  mutilated 
cervical  centrum. 

These  new  acquisitions,  to  which  Mr.  Fox,  on  his  part,  kindly 
permits  me  to  refer,  show  that  in  some  of  the  trunk- vertebrae  the 
spinous  process  is  expanded  transversely  to  the  direction  of  the 
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axis  of  the  vertebral  colamn.  The  aocompanying  diagram  (fig.  4) 
from  my  notebook,  May  26^  1873,  shows  the  constmction  as  seen 
in  a  centrum,  broken  across  its  middle,  in  Mr.  Fox's  collection. 

Fig.  4. — Transverse  Section  of  a  large  Trunk-centrum  in  tJu  CoOeetkm 
oftheBev.  W.  Fox. 


S    P-^  o 


n.  Neural  canaL  ^   p  ^-W  o       e.  Chamber. 

p.  Partidon.  ^  b      ^     ^      ^      ^>  ^*  Lateral  opeoingt 

b.  Buttress.  m^    Nfl  m  to  chambers. 


In  1876,  Prof.  R.  Owen  described  and  figured,  under  the  new 
name  Bothriospondylus  {B,  magnus\  the  Brit.  Mus.  fossil  Xo.  28632 
(the  first  of  the  two  vertebral  centra  on  which,  in  1869,  Mr. 
Seeley  had  founded  Omithopsis^  and  with  which,  as  just  mentioned, 
in  1870, 1  had  identified  Exicamerotus),  The  prior  name,  OrmiAopm, 
was  rejected  by  Prof.  Owen,  substantially,  as  he  is  careful  to  ex- 
plain, because  he  deemed  it  misleading*.  Since,  however,  Omi- 
ihopsis  {ppvii  and  otf^u)  merely  expresses  bird-Ukeness,  and  in  their 
.  peculiarly  light  construction,  lateral  openings,  and  large-cancellated 
tissue,  the  trunk-vertebrsB  do  exhibit  such  a  likeness,  I  have  not  felt 
myself  warranted  in  abandoning  the  prior  name  for  the  newer 
Bothriospondi/lus. 

The  side  and  front  view  of  this  fine  centrum  (28632),  in  pL  viiL 
of  Prof.  B.  Owen's  Monograph,  give  p.  good  idea  of  the  form  and 
the  position  of  the  lateral  opening  into  the  side  chamber,  and  of 
the  general  character  of  the  cancellous  tissue ;  but  the  artist  has 
very  imperfectly  displayed  the  beautiful  arrangement  of  the  large 
cells  at  the  circumference  of  the  ball  where  this  begins  to  rise  from 
the  non-articular  surface  of  the  centrum.  Here  the  cells  are  of  very 
considerable  and  uniform  size,  their  form  is  prismatic,  the  base  of 
the  prism  is  outwards,  the  thin  edge  inwards,  converging  towards  a 
central  point,  and  the  long  axis  is  approximately  parallel  to  the 
long  axis  of  the  centrum.  Such  definite  arrangement  has  evidently 
reference  te  the  direction  of  strains. 

The  cervical  vertebrsB  were  long  a  puzzle  to  Mr.  Fox  and  to 
myself.  As  far  back  as  1865  he  showed  me  a  much  crushed  cei^ 
vical  centrum,  which  he  informed  me  had  been  determined  by  an 
eminent  palseontelogist  to  be  the  basioccipital  bone.  Others  were 
afterwards  acquired  by  Mr.  Fox,  and  one  by  myself,  most  of  which, 
like  that  first  obtained,  showed  great  fiattening  of  the  under  surface 
of  the  centrum  and  great  elongation.  One  much  mutilated  and 
distorted  centrum  was  so  long  that  even  so  keen-sighted  and  ex- 
perienced a  collector  as  Mr.  Fox,  deceived  by  its  great  length, 
passed  it  by  several  times  in  the  clifi^,  thinking  it  was  a  log  of  the 

*  Monogr.  Mesox.  Bept  part  ii.  p.  24,  pis.  yiu.,  ix.  (PaL  Soa  toL  for  187S). 
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fossilized  wood  so  abundant  there,  and  finally  had  it  taken  home 
under  the  impression  that  it  was  the  long  bone  of  a  limb.  A  muti- 
lated cervical  centrum  in  my  collection,  which  I  dug  out  of  the  cliff- 
foot  near  Brixton  Chine,  is  in  its  present  worn  state  12  inches  long, 
and  would  hare  been  originally  about  2  inches  longer  (No.  144, 
Coll.  H.) 

Its  under  surface  is  flattened,  and  the  side  is  impressed  by  a  long 
narrow  pit,  the  bottom  of  which  is  marked  with  an  oblique  ridge. 
I  term  the  lateral  hollow  in  the  cervical  centra  a  *^*pit,*'  because  it 
is  a  wide-mouthed  depression,  closed  at  its  bottom,  and  not  in  com- 
munication with  an  internal  chamber,  the  interior  of  the  centrum 
being  wholly  composed  of  large-cancellated  issue.  The  immense 
spaces  of  this  are  well  shown  in  the  instructive  plate  illustrating 
lie  supplement  to  Prof.  R.  Owen's  Monograph  on  the  "  FossU 
Beptilia  of  the  Wealden,"  issued  in  1876,  in  which  an  exceptionally 
preserved  cervical  centrum  is  described  under  the  new  name  of 
ChondrosUosaurus  magnus*. 

Up  to  this  time  no  other  parts  of  the  skeleton  than  prsesacral 
vertebne  had  been  identified.  Huge  limbs  or  pelvic  bones  of  forms 
commonly  referred  to  Ceteosaunts  had  been  obtained  from  the  same 
bed  whicji  had  yielded  Omithopsidian  vertebrae,  but  not  in  such  close 
association  with  these  as  to  warrant  me  in  assigning  them  to  this 
genus.  Besides,  the  widely  different  character  of  &e  bony  tissue 
prejudiced  both  Mr.  Fox  and  myself  against  such  identification, 
probably,  as  we  now  have  reason  to  think,  wrongly. 

It  will  be  remembered  that  in  1870  I  had  suggested  that  (Eu- 
camerotus)  Omithopsu  and  CeUosaurus  oxoniensis,  with  perhaps 
Streptagpondylus  Cuvitri^  were  members  of  one  genus  (this  would 
bave  been  more  correctly  expressed  "  of  one  family  ")  in  the  order 
Dinosauria,  characterized  by  opisthocoelous  trunk- vertebrae  bearing 
a  highly  complex  neural  arch,  and  having  a  large  lateral  hollow  in 
the  anterior  part  of  the  centrum,  opening  externally  under  the 
neurapophysist. 

In  July  1877  a  brief  notice  by  Prof.  0.  C.  Marsh  of  some  very 
large  reptilian  remains  then  recently  acquired  by  the  Museum  of 
S'ale  Ck)llege  appeared  to  refer  to  a  member  of  the  above  family, 
since  a  "  very  large  cavity  in  each  side  [of  the  centrum  in  the  sacial 
vertebrae],  connected  with  the  outer  surfece  by  an  elongated  foramen 
below  the  base  of  the  neural  arch,"  was  mentioned  as  an  important 
character.  For  the  animal  indicated  by  these  fossils  Prof.  Marsh 
made  the  new  genus  Titanosaurus^  T,  montanusX,  Afterwards, 
finding  Titanosaurus  preoccupied,  he  replaced  this  name  by  Atlan- 
ioiaurus,  and  T.  nwtUanus  became  then  A.  m<mtanus§.  Its  femur, 
about  7  feet  long,  had  no  prominent  third  trochanter^  but  only  a 
swelling  in  its  place. 

In  the  meantime  Prof.  Cope  had,  out  of  other  reptilian  remains 

*  Suppl.  Monogr.  Foee.  Kept.  Wcalden,  pi.  v.  fig.  2,  p.  6  (Pal.  Soc.  vol.  1876). 
t  Quart  Journ.  Geol.  Soc.  (1871)  vol.  xxriii.  p.  36. 
J  Amor.  Journ.  8c.  and  Arts,  voL  xiv.  pp.  87,  88  (July  1877). 
§  Ibid.  p.  514,  Nov.  1877. 
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from  the  same  diBtricfe  in  Cobrado^  defined  the  genera  Camara^oMrm 
and  AmphicodiaSy  the  spedes  of  which,  mostly  of  snipaaBing  bnlk, 
had  prsBcaadal  vertebrsB  laterally  excavated  by  large  internal  diam- 
beiB  as  in  {Eueamerotus)  Omithopsis  and  AtlafUo^aurui*. 

Last  aatamn  (1878)  Prof.  Marsh  and,  later,  Prol  Cope  saw  my 
fossils,  and  recognized  their  likeness  to  some  of  the  new  Golorido 
Dinosaurs.  A  closer  comparison  of  Omithopais  with  these  was 
desirable ;  and  for  my  assistance  in  i^  task  both  these  gentlemen 
forwarded  me  copies  of  all  their  published  papers  relating  to  than, 
for  which,  as  also  for  much  valuable  information  respecting  them 
otherwise  imparted  to  me,  I  here  express  my  sincere  thanka. 

Of  the  Colorado  Dinosaurs  whose  vertebrse  present  correspondenos 
with  those  of  Omithopns  the  following  genera  have  beoi  de- 
fined:— 


Prof.  0.  0.  Maesh. 

Prof.  OoPK. 

1.  Tit<tn09ourus  ss^  Atlantosauna. 

1.  Camarasauna. 

2.  Marosaurus. 

2.  Amphie42Ua8» 

3.  Apatosaurus, 

4.  Atlosaurus. 

3.  EpanUrias. 

6.  Diphdocus, 

Professor  Marsh's  five  genera  form  a  natural  group  or  suborder  in 
Dinosauria,  designated  by  him  Sanropoday  distinguished  by  the 
principal  characters  of  their  feet,  which  are  plantigrade  and  penta- 
dactyle,  having  their  carpalia  and  tarsalia  dOstinct.  The  fore  and 
hind  limbs  are  nearly  equsl  in  size.  The  prsecaudal  vertebras  are 
opisthocodlous ;  their  centra  contain  large  cavities  apparently  pneu- 
matic. The  sacral  vertebras  do  not  exceed  four,  and  each  supports 
its  own  transverse  process  t. 

The  first  of  Professor  Cope's  three  genera,  CanuirasauruM,  has  been 
identified  by  him  with  Atlantosaurus  of  Marsh  t ;  but  this  is  dis- 
allowed by  Prof.  Marsh  on  the  ground  of  the  different  construction 
of  the  sacral  vertebrse,  which  Marsh  finds  in  AUantasfntms  to  have 
chambered  centra,  those  of  Camarasaurus  being  described  by  Prof. 
Cope  as  solid  §. 

Of  Camarasaurus,  Prof.  Cope  writes : — "  The  vertebras  of  the  cer- 
vical, dorsal,  and  lumbar  region  are  all  opisthocoelous,  or  reversed 
ball  and  socket.  The  centra  of  the  cervicals  are  very  elongate,  but 
those  which  follow  them  diminish  rapidly  in  length  until,  in  the 
lumbar  region,  they  have  but  a  small  antero-postmor  diameter." 
*<  The  centra  of  the  cervicals  and  dorsals  are  hollow,  and  the  inteiior 
chambers  communicate  with  the  cavity  (outer  surface  ?)  of  the  body 
by  a  large  foramen  on  each  side,  which  is  below  the  base  of  this 
diapophysis.  In  the  cerrical  vertebrsa  it  is  very  elongate,  and  ex- 
tends between  the  base  of  the  parapophysis  and  diapophysis.    In 

'*'  Prof.  E.  D.  Cop,  Pal.  Bulletin,  No.  25»  August  1877  (and  Proa  Amor. 
Phil.  Soc.  same  date) ;  and  Pal.  Bulletin,  No.  27,  Dec  1877. 

t  Principal  charaoters  of  American  Jurasaio  Dinosaurs,  b^  Prof.  O.  C.  Manb, 
parts  1,  2  (1878-9).  1  American  Naturalist^  June  1878,  p^  406L 

i  Pal.  BuUetin,  No.  28,  p.  235,  July  12,  187a 
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the  dorsal  centra  there  are  but  two  chambers,  which  are  separated 
by  a  longitadinal  median  septum.  The  neural  arches  are  cooesified 
-with  the  centrum  throughout  the  column ;  they  are  extraordinarily 
elevated,  and  tbeir  antero-posterior  diameter  is  small.  The  zyga- 
pophysee  are  at  its  summit,  and  have  eztensiYe  articulating  surfaces. 
7he  anterior  pair  are  divided  by  a  deep  median  fissure,  while  the 
posterior  are  united  and  support,  as  a  pendant  &om  their  inferior 
median  line,  a  hyposphen,  a  structure  more  fully  described  under 
the  head  of  Arwphiccdias^  where  it  is  equally  developed.  When  the 
Tcrtebrffi  are  in  relation,  the  base  of  the  hyposphen  enters  the 
fissure  between  the  anterior  zygapophyses,  and  maintains  them  in 
position.    This  structure  is  obsolete  in  the  lumbar  vertebras.  The 

diapophyses of  the  dorsal  vertebrse  are  light,  and  concave  below. 

They  are  supported  by  thin  osseous  buttresses,  the  most  important 
of  which  are  the  two  inferior  ones.  The  anterior  of  these  is  much 
the  most  prominent,  and  bears  the  capitular  articular  face  for  the 
Tib.  In  no  case  is  this  surface  seen  on  ^e  centrum ;  but  it  descends 
somewhat  in  the  posterior  vertebrse,  but  not  so  low  as  the  level  of 
the  neural  canal.  The  neural  spines  are  rather  short,  and  are  set 
transversely  to  the  axis  of  the  aoimal.  The  superior  portion  is  ex- 
panded tnmsversely,  and  in  an  anterior  dorsal  vertebra  is  widely 
emarginate  above,  so  as  to  appear  double"*.  With  Camarasavrui 
Prof.  R.  Owen  has  recently  identified  (generically?)  his  ChondrosteO" 
saurus  (=  Omiihopsis)^  from  British  Wealden  beds,  and  on  this 
basis  has  offered  a  reconstruction  of  the  latter  animal  t.  It  is  to 
me  a  matter  of  siucere  regret  that  the  material  at  Prof.  Owen's 
disposal  for  this  was  limited  to  three  centra,  two  very  mutilated, 
from  none  of  which  was  it  possible  to  gain  a  true  insight  into  the 
construction  of  the  arch  and  processes.  In  their  opisthocoBlous 
form,  large  lateral  foramen,  great  internal  chambers,  median  parti- 
tion-wall, and  magnioellular  cancellous  tissue  and  double  rib-articu- 
lation, the  dorsal  vertebiffi  of  Chondrosteosaurus,  as  Prof.  Owen 
points  out,  exhibit  correspondences  with  those  of  Gamarasaunts  J  ; 
and  this  holds  equally -good  with  those  of  Atlantosaums.  Yet, 
with  these  correspondences,  there  are  differences  which  cannot  be 
quite  passed  over.  In  every  dorsal  vertebra  of  Omithopsi^  known 
to  me,  the  lateral  foramen,  unless  distorted  by  pressure,  is  longer 
than  high.  In  this,  Omiihopsis  more  nearly  resembles  AnphicoBlias 
than  Camarasaurus,  In  Camarasaurus  the  opening  is  figured  as 
partly  in  the  neurapophysis ;  this  I  have  never  seen  in  Omithopsis. 
In  their  great  elongation,  and  in  the  long  narrow  shape  of  the 
lateral  opening,  the  cervicals  oi  Otmiihopsis  {ChondrosUosaurus^ 
Owen)  agree  with  those  of  Camarasaurus  §  ;  but  in  Omiihopsis  the 
hollow  is  a  wide-mouthed  pit,  contracting  towards  its  bottom,  and 
not  a  linear  foramen  leading  into  an  inner  chamber,  as  Prof.  Cope's 

♦  Pal.  BuUetiii,  No.  28,  pp.  233-246,  from  Proc.  Amer.  PhiL  Soc.,  Deo.  1877. 
t  Annals  and  Mag.  Nat.  Hist,  1878,  vol.  ii.  pp.  202-215,  pis.  x.,  xi. 

/ZnV?.  pp.  201-208. 

Owen,  ut  auprd. 
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deecription  implies  it  does  in  Camarascmrus*.  In  this  latter,  also, 
the  upper  sorface  of  the  cervical  parapophysis  exhibits  a  Tery  cha- 
racteristic excavation,  which  is  wanting  in  the  known  oervicab  of 
Omithopsis.  These,  however,  might  be  regarded  as  trivial  differ- 
enoes,  not  entitled  to  generic  rank. 

In  the  neural  arch  and  processes  a  similar  interchange  of  concor- 
dances and  differences  is  observable.  In  Omithopns  and  Cmnarth- 
sauruSy  as  also  in  Epanteriasf^  the  free  end  of  the  neural  spne  is 
expanded  transversely  in  some  of  the  trunk- vertebne ;  but  its  con- 
struction is  less  complex  in  Camarasaurtis,  in  which,  too,  the  deep 
entering  angle  between  its  postzygapophysial  roots  for  the  attachment 
of  the  interspinous  ligament,  so  noticeable  in  OmUhopsis^  is  absent 

A  more  notable  difference,  to  which  my  attention  has  been  called 
by  Prof.  Copet,  is  the  bifid  divergent  form  of  the  neural  spine  in  a 
dorsal  vertebra  of  Camaramurtuiy  which,  by  \h%  situation  of  its 
parapoph3rsis,  held  a  correspondent  place  in  tiie  vertebral  cdumn  to 
that  of  my  first  vertebra  (No.  144,  coll.  H.).  Although  the  tree  ex- 
tremity of  the  spinous  process  is  defective,  enough  is  preserved  to 
show  that  it  could  not  have  had  the  remarkably  forked  divergent 
form  represented  in  Prof.  Cope's  figure  2. 

I  agree  with  Prof.  Cope  that  this  is  a  difference  certainly  <^ 
generic  value. 

The  presence  of  a  supplemental  articulation,  comparable  in  prin- 
ciple to  zygosphene  and  zygantrum,  in  both  Omithoptis  and  Camara- 
MaumSy  is  another  singular  agreement  in  which  Amphicodias  also 
participates,  as  it  does  in  the  lateral  foramen  and  internal  chamber8§. 
In  boUi  these  North-American  Dinosaurs  the  zygosphene  has  the 
form  of  an  inverted  wedge,  and  its  base  is  represented  free  and  un- 
attached, resembling  in  form  and  connexion  the  zygosphene  repre- 
sented by  Phillips  in  Megalosauras  and  in  Ceitosaurus  axonientis^ 
Phillips  II :  but  in  the  corresponding  vertebra  of  Omithopns  the 
zygosphene  is  a  laterally  compressed  vertical  plate,  the  posterior 
face  of  which  is  an  oblong,  from  each  of  the  lower  angles  of  which 
the  stout  border  of  a  thin  sheet  slants  downwards  and  forwards 
upon  the  posterior  margin  of  the  corresponding  neurapophysis, 
near  the  union  of  this  with  the  centrum.  The  two  sheets  of  opposite 
aides  in  this  way  form  a  sloping  eave,  which  in  the  articulated  ver- 
tebral column  (when  the  zygosphene  is  received  into  the  interprs- 
zygapophysial  notch),  roofe  in  that  part  of  the  spinal  canal,  which, 
owing  to  the  relative  shortness  of  the  neurapophysis,  would  be 
otherwise  comparatively  unprotected.  This  also  appears  to  me  a 
difference  of  more  than  trivial  value. 

Full  and  complete  descriptions  of  the  vertebrae  of  Morotaum*^ 
ApatosauruSy  and  Allosaurus  are  still  wanting :  their  discovery  is 

»  Pal.  BuUetin,  No.  28,  p.  234. 

t  Epanterias,  not  having  ohambered  externally  opening  dorsal  centra, 
no  further  notice  here. 

J  Cope,  Pal.  Bulletin,  No.  28 ;  Proc.  Am.  Phil.  Soc.  pL  1.  fig.  2. 
The  centra  of  AmphicaHas  being  amphiccelian  or  platyoolian,  this 
oes  to  separate  it  from  Omtthcpsis  and  Camaraaamrus, 
I  '  The  Geology  of  Oxford/  p.  256,  diagram  87. 
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yet  80  recent  that  suffioieDt  time  for  their  complete  inyestigatioii 
has  probably  not  elapsed ;  but  from  the  dear,  though  extremely 
reduced,  figures  given  by  Prof.  0.  C.  Marsh,  I  infer  that  in  Moro- 
saunu  the  cervical  vertebral  centrum  is  less  depressed  than  in 
OrnithopBis.  The  same  figures  also  show  that  its  parapophysis  had 
a  conspicuous  pit  in  its  upper  surface,  as  in  Camarasaurus^  Cope*. 

The  side  hollow  appears  also  less  narrow  in  the  cervical  centrum 
of  Moroaaurus,  and  the  ridges  crossing  its  bottom  are  differently 
directed  from  what  they  are  in  Omithopsis,  The  cervical  centra  are 
less  elongated  in  Apatosaurus,  In  Allosaurus  the  vertebraB  have 
zygosphene  and  zygantrum,  but  the  centra  have  not  side  chambers. 
Ouly  caudals  of  Dlplodocus  have  been  yet  made  known  ;  they  are 
extremely  long — the  combined  length  of  four  exceeded  34  inches. 
The  chevrons  are  peculiar.  Comparison  of  Ornithopsis  with  it  is 
not  yet  possible. 

The  comparison  of  Orniihopsis  with  the  Colorado  Dinosaurs 
has  brought  out  in  the  prsBsacral  vertebrsB  such  noticeable  concor- 
dances that  a  family  affinity  cannot  be  doubted ;  but  it  has  also 
shown  the  existence  of  such  important  difforeuces  that  the  generic 
distinctness  of  Omithopsis  will,  I  think,  hardly  be  disputed.  .  In 
the  main  features  of  agreement,  a  significant  resemblance  to  Ceteo- 
saurtis  oxonienns  is  also  discernible. 

Before  long,  I  hope  to  place  before  the  Society  evidence  of  other 
parts  of  the  skeleton  of  Ornithopsis  from  British  Wealden  beds, 
which  will,  I  believe,  greatly  assist  in  establishing  its  nearest 
affinity. 


Discussioir. 

Prof.  Seelbt  stated  that  in  giving  the  name  Omithopsts  HulJcii 
to  the  two  vertebraB  which  he  had  studied  in  1869,  which  were  the 
only  parts  of  this  animal  then  known,  he  desired  to  call  attention 
to  the  remarkable  avian  resemblances  of  the  boifes.  The  large 
deep  pits  in  the  vertebrae  had  reminded  him  of  the  similar,  but  re- 
latively shallower,  pits  which  impress  the  dorsal  vertebrae  of  Gulls. 
He  had  regarded  the  character  as  "bird-like,"  but  had  neither 
stated  Dor  believed  that  it  justified  an  inference  that  the  animal  was 
able  to  fly ;  for  he  had  regarded  the  type  as  intermediate  between 
Dinosaurs,  Pterodactyles,  aud  Birds ;  and  perhaps  that  conclusion 
was  not  so  far  from  the  truth  as  it  might  have  been,  considering  the 
materials  on  which  it  was  founded.  He  accepted  generally  the 
conclusions  at  which  Mr.  Hulke  had  arrived  as  to  the  nomenclature 
and  relations  of  the  British  forms  of  Omithopsis,  but  thought  that 
subgeneric  differences  were  to  be  detected  in  Prof.  Cope's  Ajmerican 
t3rpes.  With  regard  to  the  systematic  position  of  the  group,  he 
still  thought  there  were  grounds  for  placing  the  animals  in  a  new 
subordinal  division,  especially  in  the  characters  of  the  pneumatic 
cavities  which  excavate  the  centrums ;  but  in  face  of  the  circum- 

*  Proo.  Amer.  Phil.  See.  toI.  xrii. 
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stanoe  that  the  Diooeanrian  head  is  not  ayian,  that  the  only  birds 
which  showed  any  yertebral  characters  in  common  were  Pengnins, 
that  the  fore  limb  was  not  avian,  and  that  the  avian  character  of 
the  hind  limb  were  not  developed  in  all  Dinosaurs,  it  wonld  be  un- 
safe to  infer  that  OmWiopsis  had  bird-like  lungs ;  and  he  tbooght 
the  pits  might  indicate  a  lung  founded  on  the  type  of  Uie  Chaina&- 
leontid®,  and  therefore  be  reptilian  though  bird-like  in  fomt. 

Prof.  Owes  said,  In  oontiibuting  a  subject  for  discussion  I  am 
sensible  of  the  privilege  of  submitting  it  to  the  Society.  Td  a 
searcher  after  truth  no  gift  is  so  valuable  as  an  indication  of  an 
error  into  which  he  may  have  fallen,  or  of  a  wrong  direction  whidi 
he  may  have  taken.  Such  valued  return  I  find  to  be  so  ccmstant  on 
the  part  of  my  fellow  labourers  Mr.  Hulke  and  Prof.  Seeley  when- 
ever I  venture  to  submit  a  paper  to  the  Society,  however  remote  its 
subject  may  be  from  that  which  they  criticise,  that  I  am  led  to  look 
upon  the  circumstance  as  standing  more  in  a  relation  of  cause  and 
effect  than  of  accidental  coincidence,  and  to  flatter  myself  that  I  am 
not  only  a  contributor,  but  a  cause  of  contribution  in  others.  The 
considerations  involved  in  Mr.  Hulke's  present  paper  are  of  two 
kinds,  somewhat  akin  to  those  which  animated  the  realistic  and 
nominalistic  disputants  of  old  times. 

There  is  suiaU  likelihood  of  the  generic  term  Ichthyotawus 
being  superseded  by  that  of  Proterosaurua.  Yet  Home's  daim  of 
priority  was  invalidated  by  a  much  less  amount  of  unfitness  in  the 
term  than  attaches  to  OrniihopsU.  The  vertebrse  of  a  Sq%Mlu9 
maximus,  the  limb-bones  of  an  elephant,  and  both  parts  of  the 
skeleton  of  an  eagle  show  large  unossified  tracts.  These,  in  the 
petrified  state,  are  filled  with  matrix ;  but  the  ossified  portions  are 
as  determinable  as  in  CJiondrosteomurus.  The  physical  question 
therefore  is,  whether,  in  the  living  animal,  the  unossified  spaces  were 
occupied  by  chrondrine,  by  marrow,  or  by  air.  On  the  latter 
hypothesis  the  amazement  of  the  beholder  of  tbe  huge  vertebra  in- 
dicating the  magnitude  of  the  fiying  dragon  may  be  conoeived  I 
The  inferences  from  the  chondrosal  conclusion  are  tamer,  but,  in 
my  mind,  truer.  Mr.  Lucas's  discovery  in  the  Wealden  of  Colorado 
of  additional  parts  of  CTiondrosteosaurus  amply  demonstrated,  as 
Prof.  C!ope  has  recognized,  its  generic  distinction  from  Bothric^ 
tpondyltis.  The  neunil  arch  of  EacamerotuSy  Hulke,  is  generically 
distinct  from  that  of  Catnarasaurus,  C!ope  ;  the  cervical  centrum  ol 
Camarasaurug  supremus^  Cope,  is  specifically  identical  with  that  of 
Chondrosteosaurua  gigas,  Owen. 

Mr.  HvLKK  pointed  out  that  the  name  ChondrosUasawtu^  quite 
as  much  as  Ornithopsisy  was  founded  on  theoretical  considerations, 
while  Eucamerotus  was  founded  on  fact. 
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59.  On  the  Ancient  Riybb-deposit  of  the  Amazon.  By  C.  Bab- 
BiNQTON  Bbown,  Esq.,  F.G.8.,  Assoc.  R.S.M.  (Read  June  26, 
1879.) 

[Plate  XXXVIH.] 

It  is  my  intenidon  to  endeavour  to  describe  in  this  paper  the  mode 
of  occurrence,  deposition,  and  general  characters  of  a  vast  deposit  of 
ancient  alluvial  matter  which  forms  a 
great  portion  of  the  valley  of  the  Ama- 
zon, and  to  deduce  therefrom  some  facts 
regarding  the  deposition  of  detrital 
matters  by  this  great  river.  . 

In  ascending  the  Amazon,  one  cannot 
fail  to  be  struck  by  the  appearance  of       § 
lines  of  cliffs  at  long  intervals  apart —       P  S 

first  on  one  hand,  and  then  upon  the 
other — which,  rendered  conspicuous  by  ^ 

their  bright  colouring,  form  a  pleasing  L 

contrast  to  the  monotonous  line  of  low  i* 

greyish-day  river-sides  which  elsewhere       ^  g 

meets  the  eye.    In  fact,  they  on  the       g  | 

one  hand,  and  a  great  plain  of  recent       §  | 

alluvium  on  the  other,  when  the  river       >>  §>. 

is  flowing  on  one  side  or  the  other  of  its       |  ^ 

present  valley,  are  the  chief  features  in       I  ^ 

the  physical  geography  of  the  Amazon  |* 

and  its  tributaries.  <^ 

The  accompanying  diagrammatic  sec-  | 

tion   (fig.  1)  will  explain  the  relative  SS 

position  of  the  two.  g^ 

Exceptions    to    the    above-described 
conditions  are  only  seen  on  the  Lower  ^ 

Amazon  at  Almeyrin  and  Montealegr^  ^ 

(where  views  of  some  picturesque  scenery  ^ 

are  obtained,   produced    by   sandstone  ^ 

mountains  of  doubtful  Triassic  age),  and       ^  ? 

at  Santarem,  on  the  Tapajos  river,  on  ^ 

the  Trombettas    river,    at    Parintins,       ^  1 

Juruty,  and  Faro  (where  there  are  table-       5  a 

lands  rising,  in  some  instances,  to  a       ^  ^ 

height  of  460  feet  above  the  general      *|; 
level,  which  are  composed  of  beds  of      P' 
friable  sandstone    and    day,  of   grey, 
white,  and  reddish  colours).    The  age  of 
these  last-mentioned  beds  has  not  been 
determined,  owing  to  the  entire  absence 

of  fossil  forms ;  and  it  is  a  question  whether  they  belong  to  the 
upper  part  of  the  Triassic  sandstone  or  are  of  a  more  recent  date. 
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They  evidently  at  one  time  filled  a  great  part  of  l^e  valley  of  tbe 
Amazon,  and  can  now  be  traced  from  Montealegre  to  Manaoo,  but 
are  not  found  on  the  banks  of  the  Upper  Amazon,  or  Solimdes,  as  it 
is  usually  termed. 

Both  ^e  elevated  plateau  of  the  ancient  river-deposit  and  f^ 
plain  are,  as  a  general  rule,  thickly  clothed  with  trees  and  v^etatioa 
of  the  most  luxuriant  description.  With  the  exception  of  a  narrow 
strip,  in  many  places  along  the  river's  edge,  which  is  raised  a  foot  or 
two  above  the  water-level  in  time  of  floods,  the  whole  of  the  allu- 
vial plain  is  at  certain  seasons  covered  with  a  sheet  of  water,  pro- 
duced by  the  rising  of  the  river's  surface  above  the  level  of  its 
banks.  On  these  occasions,  which  occur  periodically,  the  inhabitanti 
who  cultivate  the  rich  alluvial  soil  in  the  immediate  vicinity  of  the 
river's  borders  retire  to  the  small  towns,  villages,  and  hasendas 
built  on  the  elevated  river-deposit. 

The  cliffs  then  seen  from  the  river  are  the  face-sections  of  an 
elevated  tract  of  almost  level  country,  spreading  continuously  along 
the  course  of  the  Amazon  in  both  northerly  and  southerly  directiont 
for  many  miles,  and  terminating  generally  where  the  underlying 
rocky  stratum,  by  its  superior  elevation,  has  been  left  untouched  by 
fluviatile  action.  They  afford  the  means  of  determining  the  compo- 
sition of  the  whole  area  occupied  by  the  deposit  in  the  vicinity  of  the 
Amazon ;  whilst  similar  sections  on  the  borders  of  most  of  the  great 
tributaries  give  equal  facilities  for  studying  it  in  opposite  directions. 
Their  crests  vary  in  height  from  levels  of  10  to  160  feet*  above  the 
river*s  flood-mark,  whilst  their  bases  are  generally  exposed  when  the 
river  is  at  a  low  ebb. 

Erom  hasty  examinations  made  in  numerous  places,  I  have,  as  a 
general  rule,  found  the  cliflls  to  be  composed  of  layers  of  sand  and 
clay,  exhibiting  every  degree  of  false  bedding,  and  varying  greatly 
in  structure  and  composition  when  traced  in  lateral  directions. 

The  sand  beds  are  of  white,  red,  yellow,  or  vari^ated  colours, 
while  the  clay  beds  are  chiefly  bluish  or  variegated.  No  very  coarse 
materials  ever  enter  into  their  composition.  Besting  upon,  and 
sometimes  passing  into,  them  is  a  homogeneous  deposit  of  reddish 
loam,  capped  by  a  yellow  clay  or  a  dark  vegetable  soiL 

In  order  to  afford  a  clear  idea  of  the  structure  of  these  diffii,  I 
here  give  some  sections,  taken  in  various  places,  the  localities  of 
which  will  be  seen  by  reference  to  the  accompanying  map  (PL 
XXXYIU.).  The  measurements  of  these  are  approximate  only,  as, 
owing  to  the  often  inaccessible  nature  of  the  cliffs  and  to  the  short 
time  at  my  disposal,  exact  measurements  could  not  be  taken. 

Beginning  with  the  Lower  Amalzon,  I  give  a  sketch  section  of  a 
portion  of  the  Barreiras  (cliffs)  of  Montealegre  (fig.  2%  the  vertical 
scale  of  which  is  exaggerated  in  order  to  show  their  stru^ore 
more  clearly. 

*  In  my  paper  on  the  Tertiary  deposits  of  the  Amazon,  in  the  QuaitoiT 
Journal  of  the  Society,  toI.  soxt.  pak  1,  I  said  that  the  old  riTer^posit 
is  seen  in  cliff-sections  '*  ranging  from  10  to  300  feet  in  heiEht."  Since  that  was 
written  I  hare  gone  more  thoroughly  into  th?  matter,  and  have  modified  my 
views  regarding  its  thickness. 


Digitized  by 


Google 


Riy£&-DEP06IT  OF  THE  AMAZOK. 


766 


AOi^OOkd 


'    o 


^       e 

W     3 

§    ^' 

^     CB     "t 

r^   ST*  IT". 


'7    ^ 


Near  the  centre  portion  of  the  aec- 

tion^  bed  2  contains  layers  of  pinkish 

sand,  and  is  there  exceedingly  false- 
bedded.     At  section  B  bed  4  is  seen 

to  have  changed  into  a  false-bedded 

yellow  sand  and  clay;    at  C   to  a 

greyish-white  clay ;  at   D  to  a  grey 

clay ;  at  E  to  a  grey  arenaceous  clay, 

marked  with   curved  layers   of   the 

same  material;  at  E  to  red,  white, 

and  grey  clay  in  regular  layers ;  and 

at  6  to  its  original  composition  and 

colour.      Bed  6  changes  at  B   to   a 

white  arenaceous  clay ;    at  D  to  a 

white  clay,  striped  with  red  layers ; 

and  at  E  to  a  white  sand  again. 
In  this  portion  of  the  cliff  the  base 

of  the  beds  was  not  seen,  but  to  the 

eastward  it  was  shown  by  an  expo- 
sure of  ferruginous  sandstone. 

At  Obidos,  however,  the  base  of  the 

deposit  is  clearly  exposed  when  the 

river  is   comparatively  low,    and    is 

composed  of  pinkish  sand.   This  rests 

upon  the  soft,  variegat-ed,  red  and 
white  friable  sandstone  before  referred 
to,  which    has   a    slight   dip   in    a 

westerly  direction. 

Cavaraucu  cHfis  give  a  section  in 

one  place  190  feet  in  height ;  but  as 

they  are  the  front  of  land  rising  to 

heights   of  over  200  feet   above  the 

river,  I  am  inclined  to  believe  that   ^  ?^^  *^ 

they  are,  in  part  at  least,  sections  of   5*    "g- 

the  friable-sandstone  de])osit.     With    *       p- 

the  exception  of  some  10  ft.  of  red  and  | 

yellowish  clay  on  the  top,  the  whole  ^ 

of  the  section  was  formed  of  grey,  g^ 

pink,  and  lilac  layers  of  arenaceous  «-  ^ 

clay,  having  in  it  patches  of  red  colo-         *? 

ration,  as  well  as  thin  layers  of  pure 

white  clay.      The  red  clay  from  the  top  having  been  washed  down 

the  face  of  the  cliff  for  some  distance,  gave  it  the  appearance  of  being 

composed  of  red  clay  in  all  its  upper  portion. 

The  clifFs  along  the  borders  of  the  Solimoes  are  not  so  high  as  those 
upon  the  Lower  Amazon.  The  first  of  these,  occurring  at  Mana- 
caparu,  is  60  feet  in  height.  It  is  composed  of  reddish  and  yellow 
loam,  resting  on  pand  beds  in  one  part.  Both  at  the  base  and  near 
the  top  iron-impregnated  layers  of  clay,  forming  a  honeycombed 
variety  of  ferruginous  rock,  occur  ;  while  in  another  place  white  clay 
beds  are  seen  resting  on  bright  red  })eds. 

Q.J.G.S.  No.  140.  3f 
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Coaiy  cliflB  are  composed  of  red  loam,  red  clay,  and  sand,  and 
bluish,  grey,  and  reddish  day,  in  descending  order.  Here  the  deposit 
resU  npon  a  blnish  arenaceous  clay,  the  surface  of  which  must  htTe 
been  much  eroded  before  the  deposition  of  the  superincumbent  m&si. 
The  first  place  where  this  subjacent  stratum  is  seen  is  near  the  mouth 
of  the  Purus  river ;  and  I  am  inclined  to  the  belief  that  it  bdongsto 
the  upper  part  of  the  Tertiary  deposit,  sections  of  which  are  seen 
further  up  the  SoHmoes.  In  this  part,  however,  it  does  not  contain 
any  fossil  shells,  but  has  a  few  layers  of  leaves. 

Not  far  above  Coary  are  cli£&  called  Tanacoara,  where  the  IdOow- 
ing  section  was  obtained : — 

ft 

15  Bed  loam. 

20  Pink  aand  beds. 

1  Yellow  clay. 
34  Light  greeniah-grej  day. 

At  the  upper  end  of  this  section  the  underlying,  false-bedded, 
bluish  day  makes  its  appearance,  forming  farther  on  the  full  height 
of  the  river's  bank,  with  the  exception  of  a  few  feet  of  grey  clay,  into 
which  it  seems  to  pass.  No  portion  of  it  rises  above  the  levd  of 
high- water  mark  of  floods,  which,  at  the  time  of  my  visit,  was  40  feet 
above  the  then  level  of  the  water. 

The  next  Barreira — that  of  Camara  Coary — is  composed  at  itB 
eastern  end  of  70  feet  of  pinkish  and  white  arenaceous  loam,  upon 
80  feet  of  red  and  yellow  sand ;  while  at  its  western  end  we  find  it 
made  up  of  beds  of 

Bed  argillaceous  loam. 
Bed  and  white  sand. 
Yellowish  sand. 

Bed  sand,  resting  upon  the  denuded  surfiMse  of  the  blue  daj  beforv 
mentioned. 
At  Tapera  Barreiras,  a  littie  further  on,  this  latter  assumes  a 
rock-like  aspect,  and  its  bedding  dips  eastward  at  an  angle  of  5°. 

Motun  Coary  clifGs  differ  greatly  in  their  composition,  being  at 
their  eastern  end  of  red  loam,  resting  upon  beds  of  red  sand ;  and  at 
their  western,  of  white  sand  upon  white  day.  Near  their  western 
end  they  are  composed  of  red  loam  upon  yellowish  and  redd^h 
speckled  sand,  resting  upon  the  subjacent  bluish  day,  which  at  this 
spot,  where  baked  by  the  sun's  rays,  haa  a  shale-like  appearance. 
Its  beds  have  lines  of  deposition  in  various  directions  and  in  irregdar 
curves.  A  thickness  of  some  10  feet  oi  it  was  seen  above  the  water, 
which  at  the  time  stood  at  a  levd  of  40  feet  below  its  floodmarL 
It  contained  some  portions  of  imbedded  tree-stems,  and  its  eroded 
surface  was  covered  with  a  thin  layer  of  hydrated  sesquioxide  of  iron. 
About  a  quarter  of  a  mile  down  the  river,  in  the  same  barreira, 
there  was  a  great  and  almost  circular  bay  in  the  face  of  the  cHff,  of 
200  yards  in  diameter,  the  entrance  to  which  was  only  about 
50  yards  in  width.  This  resembled  somewhat  the  crater  of  a  vol- 
cano, and  was  an  instance  of  the  prodigious  power  exerted  by  the 
river  in  suddenly  washing  down  great  portions  of  its  banks.  £n- 
"tering  the  bay  in  a  boat,  I  had  an  opportunity  of  examining  its  side 
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sections.  The  deposit  here  consisted  of  grey  and  white  sand  beds 
for  almost  the  fall  height  of  the  cliff;  npon  ^em  rested  white  clay 
with  red  loam  on  top.  In  the  centre  of  the  bay  rose  a  small,  narrow 
peninsnla  of  whitish-grey  sand,  forming  a  thin  peaked  ridge  of  abont 
one  half  the  height  of  the  cliff,  and  joining  with  the  base  of  the  cliff 
in  the  middle  of  the  back  of  the  scoop.  In  this  sand  were  pellets  of 
blue  clay,  and  in  some  parts  trunks  of  large  trees  in  a  semicarbonized 
state,  showing  that  they  had  been  imbedded  for  a  long  period.  The 
washing-out  of  this  great  mass  of  material,  of  600  feet  in  diameter 
by  80  feet  in  height,  was  performed  mainly  by  the  river,  the  current 
of  which  made  an  eddy  at  its  edge  at  the  foot  of  the  diff^  and  thus 
cut  rapidly  into  the  soft  sand  of  which  the  latter  is  composed.  The 
force  thus  exerted  was  probably  assisted  by  springs  of  water  which 
issued  through  the  base  of  the  sand  above  the  bluish  day. 

Guara  Barreira  rises  to  a  height  of  only  10  feet  above  flood-mark, 
and  is  composed  of  the  following  beds : — 

ft.  in. 
0  5    Brown  loam. 

11  0    Bed  arenaceous  day,  passing  into  mottled  red  and  grey  day. 

12  0    Banded  red  and  grey  day-beds. 
3  0    Yellow  sand. 

20  0    Light-yellow  sand. 

Here  the  river's  level  at  the  time  was  6  feet  above  the  lowest  point 
it  ever  attains,  and  was  by  measurement  36^  feet  below  the  water- 
mark of  the  highest  point  it  reaches  in  the  rainy  season.  There  is 
a  constant  fluctuation  in  the  levd  of  the  river  day  by  day  ;  for,  even 
when  subsiding  gradually,  it  will  sometimes  rise  a  few  feet,  and  then 
as  suddenly  fall  again.  This  is  owing  to  heavy  rains  in  the  Andes, 
or  at  the  source  of  some  of  its  large  tributaries,  producing  a  sudden 
accession  of  water  to  the  main  river. 

At  Fonte  Boa  Barreiras,  60  feet  in  height  of  which  was  exposed, 
the  following  sections,  taken  not  far  apart,  show  a  considerable 
difference  in  the  composition  of  the  beds  of  the  deposit  over  a  small 
area: — 

feet. 
/  3  Bed  loam. 
J     37  Bed  sand. 
*  •«     8  Yellowish  sand. 

5  Bed,  pink,  yellow,  whitish,  and  variegated  plastic  day. 
^  7  Yellow  sand. 

/'  [  Bed  loam. 

30  \  Mottled  day. 

Tj  J  1  Grey  and  red-banded  pUstic  clay. 

^^]  f  Bed  speckled  sand. 

30  jOreysand. 

^  [  Yellow  sand. 

A  section  at  Jutahy  Barreiras  gave  the  following  : — 

ft 

5  Ydlow  loam. 
10  Bed  loam. 

1  Purple  day. 
14  Beddish-pink  sand. 
30  Yellow  sand. 

3f2 
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The  latter  rested  upon  the  eroded  surface  of  the  bluiah,  i 
oeous,  laminated  day,  whioh  dipped  to  the  west,  and  endbaed  atiii^ 
layer  of  ydlowish  sand,  containing  lines  of  day  ircmstone. 

Two  sections  taken  at  Tonantins  were  as  fdlowa  : — 

ft 

(10  Red  loam. 
40  Yellow  sand,  with  layer  of  g^yel  near  iU  baae. 
5  Yellow  sand,  with  iMrers  of  iron-day  in  irregular  fblda. 
20  Pink  and  white  banded  clay  of  fine  texture. 

/"  10  Bed  sand  and  loan. 
35  Yellow  sand. 
20  Banded  red  and  grey  day. 

[  Blue  laminated  clay,  baring  thin  layers  of  sand    bet  ■  mm   tkm 
25  '  laminse,  and  containing  imbedded  learea. 

I  Yellow  laminated  day. 

In  one  part  white  sand  took  the  place  of  the  yellow  sand ;  while 
in  another  the  bluish,  laminated,  micaceous  day  made  its  appear^ 
ance,  dipping  west  at  a  low  angle.  Upon  its  denuded  surfSsoe  : 
the  iron-oxide  layer,  along  with  yellow  ochreous  day  in  yeUa 
with  pink  day  and  sand  aboTe.  The  fine,  soft,  yellow  ochreous  day 
is  used  by  the  natives  as  a  pigment. 

About  one  mile  bdow  St.  Paulo  we  have  as  follows  : — 

10  feet  of  reddiah  arenaceous  loam. 

15     „      white  sand,  containing  pebblee. 

These  rest  upon  bluish-grey  day  beds,  which  I  consider  to  be  of 
Tertiary  age. 

At  Caldeirao  the  section  is  a  tolerably  dear  one,  and  is  as 
follows : — 

ft.  in. 

1  6  Red  loam. 

12  0  Grey  and  mottled  clay. 

11  0  Reddish  sand. 

12  0  Yellowish  speckled  sand. 

2  0  Blue  clay. 
2  0  Grey  sand. 
2  0  Blue  clay. 
2  0  Grey  sand. 
5  0  Blue  clay. 

10  0  Yellowish  and  grey  sand,  stained  with  iron  oxide. 

Having  now  given  the  details  of  a  number  of  the  prindpal  dif- 
sections  on  the  main  river,  I  will  proceed  to  describe  a  few  of  thoae 
occurring  on  its  tributaries,  so  as  to  show  the  composition  of  the  de- 
posit in  both  northerly  and  southerly  directions. 

The  Trombetas  does  not  afford  any  good  section,  as  the  deposit 
does  not  extend  far  up  it.  At  Urua-tapera  Point,  however,  ihen  is 
a  cliff  90  feet  high,  composed  of  red  and  purplish  sand  beds  of  the 
river-depodt,  resting  upon  an  older  formation  of  red  shale. 

On  the  upper  part  of  the  Eio  Negro  there  are  beds  of  the  river- 
deposit  which  have  been  laid  down  by  the  Negro  itself.  The  first 
set  of  cliffs  above  Caburie  shows  grey  and  mottled  day,  resting  upon 
ydlowish  and  grey  false-bedded  sand.  In  the  third  set  of  difb  then 
are  but  few  sand  beds,  and  the  whole  front  is  made  up  of  clay  beds. 
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The  top  portion  is  grey,  mottled  with  red  specks,  resting  on  beds  of 
grey,  white,  and  bluish-grey  clay,  which  are  in  thick  beds  in  parts, 
or  in  thin  false-bedded  layers  in  others.  In  one  place  they  contained 
a  sort  of  peat,  mixed  with  brown  day  and  pieces  of  carbonized  wood. 
Thomar  cliffs  show 

15  feet  of  red  loam. 

15    ,,     yellowish  falae-bedded  Band. 

These  sections  are  all  above  the  flood-level,  as  the  river  was  full  at 
the  time  they  were  taken. 

Turning  now  to  the  southern  tributaries,  we  find  that  this  deposit 
is  not  represented  upon  the  Tapsjos,  the  red  and  yellow  cliffs  border- 
ing that  river  belonging  to  the  sandstone  formation  before  mentioned. 
The  face  of  the  high  land  above  Aramanahy  is  sloping  and  tree- 
covered,  and  does  not  afford  a  section  showing  its  composition  ;  but 
it  evidently  belongs  to  the  sandstone  deposit,  especially  in  the  greater 
jmrt  of  its  lower  portion.  The  upper  part  may,  however,  be  com- 
posed of  a  deposit  made  by  the  Amazon  when  it  ran  at  a  higher 
level.  In  fact,  the  upper  part  of  the  tableland  at  Parentins,  Juruty  ^{^ 
Pare,  &c.  may  be  an  old  river-terrace.  ^ 

1  here  introduce  a  section  occurring  at  Porto  do  Ale^e  (fig.  3), 
in  order  to  show  the  structure  of  a  part  of  the  underlying  strata  just 
spoken  of,  as  well  as  a  deposit  which  I  take  to  be  a  more  ancient  river- 
terrace  than  the  one  under  discussion.  The  terrace  portion  is  made 
np  entirely  of  reddish,  yellow,  and  red-mottled  false-bedded  sand, 
capped  by  red  loam,  the  whole  having  a  thickness  of  147  feet. 

Fig.  3. — Section  at  Porto  4tr  Ale^gre, 


A 


{?: 


A.  Old  river-terrace.  B.  Sandstone. 

8  feet  red  loam. 
144   „    false-bedded  red,  yellow,  and  mottled  sand. 
''3.      5   „    coarse,  waterworn  gravel  bed. 

4.  2i  „    grey  clay. 

5.  5   „    purplish  and  grey  irregularly  bedded  sandstone,  cemented  by 

white  clay. 

6.  2i  „    mottled  red  and  white  day. 

7.  24  „    friable  sandstone. 

8.  30   „    angular  and  partially  rounded   mins  of  yellowish   sand, 

cemented  by  yellow  clay  into  a  friable  sandstone. 
^9.  4   „    hard,  whitish,  pebble  sandstone. 
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Upon  the  Madeira  river  the  first  red  cliffs  below  the  mouth  of  tl&e 
Jamarj,  which  at  the  time  (owing  to  the  comparatiTelj  high  state  of 
the  river)  showed  only  30  feet  vertically,  are  oompoeed  of  mottled 
red  and  grey  clay,  with  red  day  on  top  in  their  npper  half,  and  false- 
bedded  brownish  sand  in  their  lower.  The  sand  beds  dip  to  the  north- 
east ;  and  a  few  yards  farther  on  the  clay  forms  the  whole  thickness 
of  the  diff^  coming  down  to  the  water-level.  About  the  middle  of 
the  cliff's  front  there  is  only  1  foot  of  brown  sand  above  water,  then 
comes  a  fine  greyish-brown  clay,  irr^i^alarly  interbedded  with  a 
curious  li^t-bluish  clay,  which  in  one  part  oontains  fragments  of 
unaltered  leaves,  and  is  5  feet  in  thickness.  Upon  it  lies  a  bed  of 
grey  clay  4  feet  thick,  and  above  comes  20  feet  of  red  day  and  loam. 
A  few  yards  north-east  of  this  these  beds  turn  up  quickly,  and  the 
mottled  red  and  grey  day,  commencing  at  the  water's  level,  thickens 
out,  rising  at  an  angle  of  3°.  It  rests  upon  a  layer  of  red  and  grey 
finely  laminated  day,  which  runs  a  considerable  distance  with  a 
thickness  of  about  15  feet,  and  then  passes  horizontally  into  red  and 
grey  mottled  clay  {^g.  4).  The  acoompanyiog  diagram  shows  the 
arrangement  of  ihese  beds. 

Fig.  4. — Bough  Section  ofAbetla  Cliff  below  Jamary, 


1.  Bed  clay. 

8.  Greyiflh-brown  clay. 

5.  Brown  sand. 


2.  Mottled  and  gr«y  day. 

4.  Mottled  clay. 

6.  Bed  sand  and  grey  day. 


Near  Baetas,  on  the  west  bank  of  the  same  river,  is  the  following 
section: — 

ft 

5    Fine  red  argiUaceous  sand. 

4    Grey  day. 
20    Grey,  white,  and  yellow  sand. 

J  Coarse  sand. 
Hard  iron-cemented  clay. 
10    Fine  Uuish-grey  day. 

Upon  the  Purus  river  there  are  many  fine  diff-sections ;  but  as  it 
would  take  up  too  much  space  to  record  them  all,  I  will  merdy  de- 
scribe two  rather  striking  ones,  viz.  that  at  Maniwa,  some  800  miles 
up,  and  one  at  Berury,  near  the  mouth.  In  the  diagram  of  the 
former  (fig.  5),  at  a  number  of  vertical  sections  through  different  spots, 
marked  A,  B,  C,  D,  &c.,  we  find  the  beds  arranged  as  follows : — 

At  Section  A  we  have : — 1.  Mottled  red  and  yeUow  clay ;  2.  Bed 
sand ;  3.  Yellow  sand ;  4.  Fink,  red,  and  grey  day,  alternating  with 
grey  sand. 

At  Section  B  we  see  that  bed  No.  1  has  become  red  arenaceouf 
clay  ;  at  D  a  mottled  clay  ;  and  at  G  a  red  loam. 
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At  Section  B,  bed  No.  2  becomes 
red  and  pink  false-bedded  sand ;  at  D,  o^  *»      *- 

red  false-bedded  sand  ;  at  E  to  H,  red 
sand.  At  Section  C,  deposit  No.  4 
becomes  a  pink  and  grey  clay  in  thin 
beds,  alternating  with  grey  and  yel- 
low sand;  at  D  it  loses  its  pinkish 
colour  and  becomes  grey;  at  E  is 
grey  clay  and  sand;  at  G  is  false- 
bedded  pink  clay  and  sand,  passing 
immediately  into  thick-bedded,  green- 
ish-grey sand  and  day,  to  the  cud  of 
the  cliff.  This  last  set  may  possibly 
belong  to  an  older  deposit.  The  dark- 
coloured  portions  at  C,  E,  and  E,  in 

the  upper  part  of  No.  4,  are  layers  ^, 

of  bluish  clay,  containing  leaves  and  ^ 

pieces  of  carbonized  wood  at  C,  and  9^ 

with  thin  layers  of  oxide  of  iron  at  I 

their  base  at  E  and  E.   No.  3  is  a  bed  ^ 

of  yellow  sand  containing  thin  layers  S* 

of  oxide  of  iron.  ^ 

Of  this  section  51  feet  vertically  «• 

are  hidden  when  the  river  is  at  its  |!; 

highest  stage.  g 

The  layers  of   iron  oxide  above  |' 

mentioned   have  been  deposited  by 

water  charged  with  that  substance,  ^ 

obtained  from  the  red  ochreous  sur-  ^ 

face-loam,    which    has     percolated  »^ 

through  the  sand  beds,  and  has  been  S 

precipitated  in  a  thin  sand  layer  be-  S 

tween  the  blue  day  and  the  day  of  ^ 

No.  3  beneath.  |' 

At  Hytanahan,  a  place  further  up  ^ 

the  river,  and  at  many  other  places 

where  similar  yellow  sand  beds  are 

seen,  layers  of  this  iron-rock  occur. 

They  are  composed  of  fine-grained, 

ferruginous  sandstone,  more  or  less 

compact,  arranged  around  a  nucleus 

of  almost  pure  oxide  of  iron,  which 

in  some  places  assumes  the  form  of 

botryoidal  masses,  and  in  others  of 

curved  laminsB,  which  frequently  send 

layers  down  into  the  sand  beneath  as 

offshoots,  at  right  angles  to  the  pa- 
rent mass,  forming  quite  a  network  of 

fantastically  arranged  planes.     They 

vary  in  width  from  }  inch  or  less  to 
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5  feet  When  an  ordinary  thick  layer  is  left  on  the  riyer's  edge — 
as  is  often  the  case,  from  the  resistance  it  offers  to  the  wearing  action 
of  the  water  and  the  protection  it  affords  the  clay  on  which  it  rests, 
— a  dome-like  pile  of  broken  rock  is  left,  having  a  formidable  appear- 
ance, but  which  in  reality  is  a  very  friable  heap.  One  yery  cuhoos 
form  of  this  ironstone  is  seen  in  a  day-bed  at  Hytanahan,  where 
it  is  in  small,  detached,  smooth,  hemispherical  nodules,  greatly 
resembling  in  form  the  iron  slag  from  the  bottom  of  a  crucible. 

At  Berury  cliff,  when  the  river  stood  at  a  level  of  41  feet  below 
the  highest  point  it  reaches  in  the  rainy  season,  the  following  section 
(fig.  6)  was  observed : — 

Fig.  6. — Section  in  the  Berury  Cliffy  Pttrus  River. 


1.  Mottled  day.  2.  Banded  red  and  grey  clay. 

3.  Bluish  day,  with  layers  of  leaTes. 

4.  Bluish  arenaceous  laminated  clay,  probably  of  Tertiary  age. 

The  sections  on  the  Jurua  river  are  very  similar  to  those  on 
the  Punis  ;  and  I  therefore  give  only  one  section  (fig.  7),  which  was 
taken  at  Gaviao  Barreiras. 

Fig.  7. — Section  at  Oavipo  Barreiras,  Junta  River. 


Biver-deposit :  Older  deposit,  probably  Tertiary : 

1.  Bed  loam.  6.  False-bedded  blue  clay,  containing  imbedded  Icatm. 

2.  Orey  clay.  7.  Grey  laminated  clay. 

3.  Beddish  clay.  8.  Clay  conglomerate,  of  masses  of  yellow  sand  and  pink  day. 

4.  Yellow  clay.  coated  with  crust  of  iron  oxide,  imbedded  in  yeUow  aaad! 

5.  Grey  clay.  9.  Bed  sand. 

I  will  now  conclude  the  description  of  the  various  sections  of  the 
old  river-deposit  by  recording  one  which  occurs  on  the  Javary  at 
Santa  Rosa: — 10  feet  red  loam ;  30  feet  white  sand. 


Digitized  by 


Google 


BIVBK-DBPOSIT  OF  THB  AKAZON.  773 

This  rests  upon  20  feet  of  Tertiary  clays  of  the  Eocene  for- 
mation. 

From  a  careful  study  of  these  recorded  sections,  I  think  it  is  only 
possible  to  arriye  at  the  conclusion  that  they  have  been  deposited  by 
river-action.  The  absence  of  imbedded  fossil  shells,  the  great  and 
persistent  instances  of  false-bedding,  and  the  non- continuity  of  the 
beds  favour  greatly  the  supposition  that  the  materials  of  this  deposit 
i;^ere  produced  by  the  wearing  action  of  the  Amazon  and  its  tribu- 
taries, and  by  them  deposited  in  their  valley,  as  they  eroded  its  sur- 
face, on  the  way  to  the  ocesoi. 

Examining  with  attention  the  action  of  this  great  river  on  the 
line  of  country  through  which  it  flows,  we  And  that  as  it  moves  on- 
i;vard  in  any  one  portion  of  its  course  it  cuts  away  the  materials 
composing  its  banks  on  the  convex  side  of  its  bends  ;  while  at  the 
same  time  it  deposits  near  its  opposite  shore,  in  the  concave  curves, 
false-bedded  irregular  layers  of  clay  and  sand  derived  from  materials 
BO  cut  away  from  places  higher  up  its  course ;  that,  owing  to  its 
curving  course,  the  deepest  portion,  with  its  greatest  volume,  exer- 
cising the  most  powerful  eroding  action  exerted  by  any  part  of  its 
-width  is  on  one  side,  while  at  a  distance  of  a  few  miles  higher  up 
or  lower  down  it  is  on  the  opposite  side.  Thus  slowly,  but  surely, 
is  it  widening  out  its  present  valley  by  encroaching  on  its  banks  in 
opposite  directions.  Upon  the  side  opposite  to  where  the  current  is 
tbe  cutting-action  is  absent,  and  the  water  has  but  slight  move- 
ment, allowing  materials  in  suspension  to  be  deposited  steadily  there 
upon  its  bottom,  and  gradually  filling  up  its  bed,  forming  a  sloping 
foreshore,  which  is  seen  when  the  waters  are  low.  Thus  layers  of 
mud  and  sand  spread  themselves  out  over  the  river's  bottom,  being 
thick  near  that  side,  and  thinning  off  towards  mid-river  as  they  come 
•within  the  influence  of  the  rapidly  flowing  current,  and  add  to  the 
growth  of  the  level  alluvial  tract  now  being  laid  down  by  the  river. 
Of  course  there  are  exceptions  to  this  rule  where  the  river  flows  in 
a  perfectly  straight  course  in  the  general  direction,  and  has  one  or 
more  deep-bed  channels ;  but  this  does  not  affect  the  above-described 
general  conduct  of  river- action  ;  for  as  the  curved  portions  of  the 
river  advance  they  efiace  and  destroy  the  straight  portions,  and  force 
tbe  whole  to  assist  in  the  general  work  of  destruction  and  re- 
modelling. The  alluvial  tract  is  below  the  level  of  the  river's 
surface  in  times  of  flood,  so  that  it  is  then  covered  with  a  sheet  of 
currentless  water  laden  with  sediment,  which,  settling  down  as  layers 
of  loamy  matter,  year  after  year,  forms  at  last  a  thick  covering  of 
bomogeneous  structure. 

Thus  two  great  works  are  now  being  performed  by  the  Amazon 
at  the  same  time,  viz.  the  cutting  away  of  portions  of  the  deposit 
which  it  formerly  laid  down,  and  which  is  the  subject  of  this  paper, 
and  redeposidng  the  materials  so  obtained  in  a  thick  layer  of  recent 
alluvium  at  a  much  lower  level.  From  a  study  of  the  present  depo- 
sition  of  the  recent  alluvium,  we  learn  how  the  older  deposit  was 
formed  over  the  portion  of  the  Amazon  which  I  had  an  opportunity 
of  examining.     In  order  to  describe  this  we  must  suppose  there  was 


Digitized  by 


Google 


774  C.  B.  BBOWH  OK  THB  AirdBTT 

a  time  when  the  Amazon  commenced  flowing  over  the  lowest  lerel 
portions  of  a  great  plain,  which  rose  gradually  ahove  the  sea  to  the 
west  of  the  vicinity  of  the  great  Tertiary  estnarine  strata  on  the 
Javary  riyer,  and  extended  eastward  nndl  it  reached  conoiderahly 
beyond  its  present  limits ;  for  it  is  probable  that  the  Amazon  (a 
shorter  river  then  by  2000  miles)  was  one  of  the  rivers  which  flowed 
from  the  Andes  into  the  estuary  in  which  the  Tertiary  beds  ware 
formed.  The  rocks  of  the  plain  were  chiefly  of  comparatively  soft 
materials,  such  as  sandstane,  shale,  and  limestone ;  alUiough  in  some 
parts  of  its  borders  they  were  of  granite,  gneiss,  and  quartz-porphyry. 
On  these  substances  the  river  began  to  exert  its  wearing  acticm,  and 
to  move  gradually  sideways  in  a  southerly  direction  in  one  part,  and 
in  a  northerly  in  another,  over  the  plain,  cutting  slowly  deeper  and 
deeper  as  it  thus  moved,  and  depositing  ihe  materials  in  its  correni- 
less  portion  (see  diagram,  fig.  8). 

By  the  time  it  had  crossed  its  valley  at  any  given  part  (see  fig.  9)  it 
was  at  a  much  lower  level  than  at  the  side  it  was  deflected  from,  uid 
then,  the  direction  of  its  curves  becoming  altered,  it  travelled  bcu^ 
to  the  vicinity  of  its  starting-point  at  the  extreme  limit  of  iti 
valley  on  that  side  (see  fig.  10).  There,  from  having  cut  deepest  and 
deeper  as  it  went,  it  has  a  diff  composed  of  materials  of  its  own  de- 
position as  a  limit ;  while  on  the  other  side  it  left  a  diff,  D  (see  fig.  10), 
of  the  rocky  strata  of  the  plain  ;  and  stretching  from  that  latter  dif 
to  the  river's  edge  is  a  great  alluvial  plain,  partially  submerged  when 
the  river  is  at  its  highest  stage.  By  supposing  Uiat  the  river  once 
more  recrossed  its  plain  as  in  ^g,  11,1  think  we  have  the  conditions 
that  are  now  in  force  on  the  Amazon  in  the  vicinity  of  Monte  Alegre 
and  its  barroiras.  For  if  the  upper  portion  of  the  higher  tableland 
is  composed  of  an  old  deposit  of  the  river,  it  was  formed  under  the 
conditions  shown  in  ^g,  8,  and  is  represented  in  fig.  11,  at  B,  as  the 
first  laid  down  alluvium ;  while  the  old  river-deposit  is  represented 
by  G  in  the  same  diagram,  and  was  formed  under  the  conditions 
shown  in  fig.  10.  The  recent  alluvium  at  present  bordering  the 
Amazon  is  given  at  I  in  fig.  11. 

In  some  places  on  the  Amazon  (atObidos,  for  instance),  where  the 
river  in  its  ordinary  state  comes  only  to  about  the  level  of  the  base 
of  its  old-deposit  chff,  we  must  infer  that  in  crossing  and  recroesing 
its  valley  it  cut  gradually  downwards  a  distance  equal  to  about  twiee 
its  depth.  There  we  find  that  the  thickness  of  the  old  deposit  cor- 
responds in  measurement  with  the  depth  of  the  river,  as  it  naturally 
should.  Here,  then,  we  have  a  proof  that  the  thickness  of  materials 
deposited  by  a  river  is  not  greater  than  the  depth  of  the  river ;  and 
likewise  that  the  strata  beneath  the  bottom  of  its  bed  are  not  composed 
of  alluvial  matters,  as  we  are  led  to  believe  by  viewing  some  secdcms 
in  geological  works.  By  a  study  of  rivor-action,  as  shown  in  dia- 
grams 8  to  10,  we  see  that  it  is  impossible  for  a  river,  in  its  non-tidal 
portion,  to  have  deposited  materials  at  a  lower  level  than  the  deepest 
part  of  its  bed.  This  can  only  take  place  near  its  mouth,  where  it 
is  forming  a  delta,  or  in  the  case  of  a  gradual  rise  of  country  near  its 
mouth  arresting  its  flow  and  converting  it  into  a  lake.     In  both 
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these  cases  sections  of  the  deposit  would  show  their  origin — the  deh»- 
.  beds  by  their  containing  brackish-water  shells,  and  the  lake-beds  hj 
their  even  and  regular  deposition.      None  of  the  beds  of  the  deposft 
now  under  consideration  have  been  formed  thus. 

Where  there  are  no  old  deposits  left  on  either  side  of  a  vallej 
we  know  that  the  river,  by  cutting  close  up  to  the  underlying  rocka 
on  either  hand,  has  taken  away  on  its  return  that  which  it  laid  down 
previously  ;  and  then  we  find  it  bordered  only  by  recent  alluriam. 
This  will  be  seen  where  a  river  flows  swiftly  along  a  narrow  moon- 
tain  valley,  but  not  where  it  wiuds  along  a  sloping  plain. 

In  some  instances,  where  the  river  suddenly  abandons  its  dd 
course  by  cutting  a  new  one  across  a  neck  of  land  between  two 
curves,  it  leaves  the  old  channel  as  a  lake  to  be  filled  up  very  slowly 
with  fine  materials.  Thus  irregularities  in  the  surface  of  its  oJder 
deposit  were  produced,  causing  it  in  places  to  vary  very  mudi  in 
altitude  and  thickness.  Good  examples  of  these  old  river-oouises  are 
to  be  seen  in  its  present  alluvial  plain  at  Monte-Alegre  great  lake, 
at  Jamunda-mouth,  Sapukia,  and  other  places. 

On  the  Purus  and  Jurua,  where  there  are  numbers  of  these  river- 
lakes,  there  are  instances  of  the  rivers  having  cut  through  narrow 
necks,  leaving  large  loop-shaped  patches  of  still  water.  The  ex- 
istence of  these  loops  explains  a  difficulty  which  it  would  otherwise 
be  hard  to  account  for.  I  refer  to  the  river  passing  from  one  side 
of  its  valley  to  the  other,^and  leaving  a  portion  of  an  old^  for- 
mation untouched  at  a  higher  level  than  its  plain.  We  have  a  case 
of  this  sort  in  a  patch  of  Tertiary  clays  at  St.  Paulo,  the  river  having 
at  one  time  flowed  on  the  south  side  of  it,  while  now  it  is  on  the 
north.  To  account  for  this,  we  must  look  upon  such  a  tnct  as  the 
centre  portion  of  a  loop,  which  the  river  partially  flooded  in  the 
seasoDs  of  high  river. 

The  recent  alluvium  on  the  Purus  river  is  a  grey  day  upon  grey 
sand ;  but  in  places  where  the  river  has  cut  through  one  of  its  eld 
silted-up  curves,  left  originally  as  a  sort  of  lake,  it  is  a  grey  loam, 
containing  great  quantities  of  unaltered  leaves  and  tree-st^ns  in 
thick  beds.  The  alluvium  of  the  Solimdes  is  also  a  grey  day,  upon 
which  is  a  brownish  loam ;  and  the  material  being  now  added  to  its 
surface  in  flood-time  is  a  greenish-brown  arenaceous  loam.  Upon 
the  old  deposit  this  latter  is  represented  by  the  red  loam  so  he- 
quently  mentioned  in  the  foregoing  sections,  which  must  have  heea 
thrown  down  upon  the  sand  and  day  beds  in  still  water  dozing 
times  of  flood.  It  is  very  persistent  in  its  occurrence  over  the 
whole  valley,  and  appears  on  the  surface  of  the  old  deposit  at  various 
levels,  from  having  settled  down  in  some  places  in  shallows,  and 
in  others  in  deep  water,  corresponding  to  the  pres^it  alluvial 
lakes. 

The  surface  of  the  great  valley-deposit  has  of  course  been  modi- 
fied to  some  extent  by  atmospheric  agencies,  and  is  much  cut  up  by 
small  streams,  which  have  formed  gijdlies  and  ravines  through  it. 

Upon  the  accompanying  map  (PL  XXXYIII.)  I  have  traced  aoi 
the  approximate  boundaries  of  the  old  deposit  and  the  recent  alio- 


Digitized  by 


Google 


Ouwt.Joum.  GeolSocMimniXXM 


f  (heAnm;^on,€astofTab(auiga, 


DfcuoeRfiCLO  LiTM.22.Btor<mo  ST  Covebt  Gam»cn. 
Digitized  by  VjOOQIC 


L  TAiBfls  -»  ¥miT  'wy  ■an  ■ 

•.•a  12**  ?ins  tiii  •  xTTSL  -ntrr  toiicv  mv  s^istes  rf  these  ri'W- 

^  iori  ^  sQMfiiL:  5:r.  I  rE^fS^  to  t^  nrvr  pMO^  froB  <»e  "^ 
^  rsi  t-lL-t  V:  '^jut  :rber,.iad[  SwilAg.  m  poitiaa  cl*  aa  oUer  fiv- 

«f  iksscrt  =r  A  ?■*:&  c^XcrdajT  cvsty  tf  St.  Pulo,  t^  m«r  it<Vf 
as  zfx:  \i3at  Ir^vmi  ce  :^  aoc:^  ade  of  k,  vUe  wvw  it  m  <b  fte 
ssr:^  T:  »9n:'uir  5:r  ^s:^  ve  it^st  took  opoB  sock  a  tncC  as  ^ 
€gJLi.c  pcrri:^  of  a  k«9L  vrich  tbe  imr  pamaDj  flooded  is  ^ 
ataacoa  c^  rich  rrr«r- 

T^  reeec::  aZrrri*  on  tbe  Panaa  rirer  ii  m  grey  day  iip«  P*! 
aozid ;  b=:  is  pLiees  vbere  tbe  lirer  baa  cot  tbroogb  one  ol  its  oU 
saed^sp  ccrre&.  left  orieiiijJlT  aa  m  aort  of  lake*  it  is  a  greT^^ 
cootainisr  great  qnantines  of  mtaltered  learea  and  tree-fitana  in 
thkk  bexk.  Tbe  allaTiiiB  of  tbe  Sotiaades  ia  also  a  grey  dav,  "^ 
vbich  is  a  bnyvmab  loaa ;  and  tbe  material  being  now  added  to  iti 
aailaee  in  flood-tune  is  a  greeniab-brown  arenaoeoua  loam.  ^P^ 
tbe  old  deposit  tbis  Utter  is  represented  by  tbe  red  Ioub  k  be- 
qnently  mentioned  in  tbe  foregoing  sections,  wbidi  mnst  bite  ben 
thrown  down  npon  die  sand  and  day  beds  in  still  water  dnrnf 
times  of  flood.  It  is  Tery  persistent  in  its  occorrence  over  tk 
"wiiole  Talley,  and  appears  on  die  snr&ce  of  tbe  old  deposit  stttriov 
lerels,  from  bating  settled  down  in  some  places  in  sbiDowittf^ 
in  otbers  in  deep  water,  corresponding  to  tbe  present  alh^ 
lakes. 

Tbe  surface  of  tbe  great  valley-deposit  bas  of  course  been  modi' 
fled  to  some  extent  by  atmospheric  agendes,  and  is  mndi  cat  op  >? 
small  streams,  which  have  formed  gullies  and  ravines  tbrovgb  '\^ 

Upon  the  accompanying  map  (PL  XXXVIII.)  I  have  trtced  w* 
the  approximate  boundaries  of  the  old  deposit  and  tbe  recent  alio- 
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Tium,  80  that  some  idea  may  be  obtained  of  the  great  area  occupied 
by  the  fonner.  The  outcrop,  as  it  were,  of  the  underlying  strata  is 
marked  where  its  composition  is  known. 

In  conclusion,  I  have  to  express  a  hope  that  by  this  memoir  I 
have  brought  into  notice  the  general  action  of  a  great  river,  and  have 
given  a  correct  though  slight  record  of  its  work  in  the  economy  of 
Nature. 
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60.  Ths  Glaciatiok  of  the  Shrtlavd  Isles.  By  B.  N.  Peach,  £aq^ 
F.G.S.,  of  the  G^logical  Sonrey  of  ScotUnd,  and  JTomr  Hoxas, 
Esq.,  F.G.S.,  of  the  Geological  Survey  of  Scotland.  (Bmi 
March  26,  1879.) 

[Plate  XXXIX.] 

Ck>irTBllT8. 

L  IntToduotion. 
II.  Gbneral  Distribution  of  the  Bock-formations. 

1.  The  metamorphio  series. 

2.  IntrusiTe  igneous  rocks  older  than  the  Old  Bed  Sandstone. 

3.  The  Old  B^  Sandstone, — order  of  succession. 

4.  Oontemporaneous  igneous  rocks. 

5.  Intrusiye  igneous  rcNoks. 
m.  Gladation. 

IV.  Boulder-cUy. 
v.  Morainic  deposits  belonging  to  the  later  glaoiation. 
VI.  Erratios. 

Vn.  Freshwater  loohs  and  Toes. 
Vm.  Conclusion. 

1.  Summary  of  the  evidence  regarding  the  primafj  gUciation. 

2.  Insufflcienoy  of  icebergs  or  ooast-ice  to  account  for  the  pheeo- 

mena. 

3.  Shetland  glaciated  by  Scandinarian  ice. 

4.  Absence  of  grarel  kames  and  raised  beaches  in  Shetland. 

I.  IirTBODTTcnoK. 

One  of  the  most  interesting  problems  connected  with  glacial  geology 
is  the  explanation  of  the  gladation  of  those  groups  of  islanda  which 
lie  at  some  distance  from  the  north-east  coruer  of  the  main- 
land of  Scotlaud.  It  is  now  almost  universally  admitted,  hj  those 
who  have  carefully  weighed  the  evidence,  that  during  the  maximum 
cold  of  the  glacial  period,  Scotland,  Ireland,  and  the  greater  part  of 
England  were  buried  underneath  an  ice-sheet,  which  moved  off  the 
high  grounds  towards  the  sea-leveL  This  has  been  clearly  proved 
by  the  careful  mapping  of  the  ice-markings  indicating  the  trend  of 
the  old  glaciers,  as  well  as  by  a  minute  examination  of  the  stones 
in  the  Boulder-clay  which  accumulated  underneath  the  ice,  and  was 
rolled  along  with  the  onward  motion  of  the  mass.  So  far  moot  geo- 
logists are  agreed ;  but  when  the  gladation  of  the  Orkney  and 
Shetland  Isles  has  been  discussed,  it  has  given  rise  to  considerable 
difference  of  opinion.  Doubtless  this  want  of  uniformity  has  been 
largely  due  to  the  imperfect  evidence  hitherto  obtained  from  the 
isles  regarding  the  direction  of  glaciation  and  the  nature  of  tiie 
various  superfidal  accumulations.  There  has  been  no  systematic  ex- 
amination of  Shetland,  or  even  of  Orkney,  with  a  view  to  determine 
these  questions ;  and  hence  the  absence  of  reliable  observations  has 
given  scope  for  some  latitude  of  opinion,  and  has  likewise  retarded 
the  final  settlement  of  the  question. 

The  group  of  islands  to  which  this  paper  especially  refers  may  be 
said  to  form  a  broken  rampart  running  nearly  north  and  south  for 
a  distance  of  about  70  miles.     The  isles  are  about  200  milee  distant 
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from  the  Norwegian  coast-line  at  Bergen,  and  about  86  miles  from  the 
north-east  comer  of  Scotland.  Though  they  are  thus  completely  iso- 
lated from  both  countries,  it  will  be  shown  that  their  physical  history 
is  to  some  extent  associated  with  that  of  Scotland  and  Norway. 

The  earliest  references  to  the  dispersion  of  boulders  in  these  isles 
were  made  by  Br.  Hibbert,  who  inferred  that  "  the  great  diluvial 
wave  which  swept  over  the  low  elevations  of  the  whole  of  Scotland 
and  £ngland  had  in  the  latitude  of  Shetland  a  north-easterly  origin, 
or,  in  other  words,  that  it  had  a  south-westerly  direction"*. 

More  recently  certain  observations  on  the  glacial  phenomena  of 
Shetland  were  made  by  Mr.  C.  VV.  Peach,  who  visited  Lerwick,  the 
outskerries  of  Whalsey,  and  the  island  of  Unst ;  and  at  each  of  these 
localities  he  noted  the  ice-worn  aspect  of  the  rocks,  the  strise,  and 
the  existence  of  Boulder-clay  f. 

To  our  colleague.  Dr.  CroU,  belongs  the  merit  of  having  first  sug- 
gested the  probability  of  the  North  Sea  being  filled  with  ice,  en- 
veloping alike  the  Orkney  and  Shetland  groups  of  islands.  This 
suggestion  was  first  thrown  out  in  a  paper  on  ''  Glacial  Submer- 
gence,'* which  appeared  in  the  '  Header '  of  the  14th  Oct.  1865.  In 
a  subsequent  paper  "  On  the  Origin  of  the  Caithness  Boulder-clay  "J, 
be  pointed  out  Uiat  the  Scandinavian  and  Scotch  ice-sheets  probably 
united  on  the  floor  of  the  North  Sea,  and  thence  moved  northwards 
and  northwestwards  towards  the  Atlantic.  He  showed  that  in  all 
probability  the  enormous  m^r  de  glace  which  pressed  out  on  all  sides 
from  Scandinavia,  produced,  in  virtue  of  its  greater  size,  a  slight  de- 
flection of  the  Scotch  ice,  and  caused  it  to  override  portions  of  the 
mainland.  He  indicated  that  in  all  likelihood  both  the  Orkney  and 
Shetland  Isles  were  overtopped  by  the  combined  ice-sheets  in  their 
onward  march  towards  the  Atlantic. 

In  the  autumn  of  1876,  one  of  us  visited  Shetland  with  the  view 
of  determining  the  question  whether  the  glaciation  of  that  group  of 
islands  had  any  connexion  with  that  of  Scotland  and  Norway.  Erom 
the  traverses  then  made,  it  was  evident  that  these  isles  had  been 
glaciated  by  Scandinavian  ice,  though  in  certain  areas  it  seemed  as 
if  a  more  recent  local  glaciation  had  well  nigh  effaced  all  traces  of 
the  original  movement  §. 

The  rich  variety  of  rocks  in  Shetland  renders  it  a  comparatively 
easy  matter  to  determine  the  direction  of  the  ice-movement ;  but  in 
order  to  insure  accuracy  it  seemed  desirable  to  map  out  approxi- 
mately the  areas  of  the  respective  rock-formations.  During  our 
leave  of  absence  from  official  work  in  the  summer  of  1878,  we  there- 
fore returned  to  the  isles  for  the  purpose  of  accomplishing  this  end 
with  as  much  minuteness  as  time  would  permit.    We  were  induced 

*  Edinb.  Joum.  of  Science,  yoI.  iv.  pp.  85-91. 

t  Brit  AflBoc.  Beport,  1864,  p.  59.  It  should  be  remembered  that  Mr.  C.  W. 
Peach  gives  the  magnetic  reading  in  his  paper ;  and  hence,  in  order  to  obtain 
the  true  direction  of  the  ioe-markingS)  due  allowance  must  be  made  for  the  mag- 
netic dcTiation. 

X  Oeol.  Mag.  vol  xvii.  pp.  209  and  271 .  The  fullest  exposition  of  Dr.  CrolFs 
views  is  giren  in  *  Climate  and  Time/  chap,  xxyii. 

§  Nature,  tqI.  xt.  p.  189. 
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to  work  oat  the  succession  of  the  ropresentatiTeB  of  tlie  Old  Bed 
SandstoDe  as  deyeloped  on  the  Mainland,  as  well  as  the  relations  of 
the  associated  oontemporaneoos  and  introsiTe  igneous  rocks,  oa 
account  of  the  important  evidence  which  they  fdmish  regarding  the 
ice-moyement.  While  pursuing  this  ohject,  we  were  fortunate 
enough  to  discover  in  the  Walls  district  a  rich  series  of  plant- 
remains  in  rocks  which  have  been  hitherto  considered  as  forming  part 
of  the  metamorphic  series.  The  general  character  and  ph\'6ical  re- 
lations of  these  altered  rocks  will  be  briefly  described  in  a  subaequcKt 
page  (p.  785). 

II.  General  Distrxbutiok  of  the  Rock-fobmationb. 

As  the  distribution  of  the  rock-formations  has  an  important  bear- 
ing on  the  question  of  the  glaciation,  it  will  be  desirable  to  give  a 
brief  outline  of  the  nature  and  respective  limits  of  the  varioas  for- 
mations, so  far  as  these  have  been  already  determined.  The  stra- 
tified rocks  belong  to  two  periods : — (a)  the  Old  Red  Sandstone ;  (6)  the 
great  series  of  metamorphic  crystalline  rocks  on  which  the  represesi- 
tatives  of  the  Old  Bed  Sandstone  rest  unconformably.  To  whal 
precise  part  of  the  crystalline  rocks  of  the  Highlands  the  metamor- 
phic series  of  the  Mainland  and  the  north  isles  belongs,  we  do  not 
at  present  presume  to  say*. 

There  are  also  associated  with  the  metamorphic  series  some  intru- 
sive igneous  rocks,  and  certain  masses  which  may  be  viewed  as  pro- 
ducts of  extreme  metamorphism.  These  may  probably  be  relegated 
to  the  time  when  the  metamorphism  of  the  ancient  stratified  rodm 
took  place.  At  least  some  of  the  igneous  rocks  now  referred  to  must 
be  older  than  the  basement  breccias  of  the  Old  Red  Sandstone, 
inasmuch  as  the  latter  in  certain  localities  are  composed  of  angular 
fragments  of  the  former. 

But,  further,  there  are  abundant  prooffe  of  volcanic  activity  daring 
the  Old-Red-Sandstone  period,  as  is  evident  from  the  great  development 
of  contemporaneous  and  intrusive  igneous  rocks  on  the  Mainland. 
Similar  phenomena  are  met  with  in  the  isles  of  Papa  Stour,  Breasay, 
Noss,  the  Holm  of  Melby,  and  Meikle  Rooe ;  but  the  magnificent 
sections  on  the  western  shores  of  Northmavine  justify  the  condusioB 
that  the  proofs  of  volcanic  activity  on  the  Mainland  surpass  in  gran- 
deur and  extent  those  of  the  other  Shetland  islands. 

The  Metamorphic  Series. 

On  the  Mainland  these  may  be  grouped  in  two  divisions,  whi^ 
are  clearly  marked  off  from  each  other  by  distinct  lithological  cha- 
racters. 

(a)  Dark  blue,  green,  and  grey  schists  and  clay-slates,  with  band« 
of  quartzite  and  limestones. 

*  For  detailed  descriptions  of  the  lithological  Taneties  of  the  metomoipliie 
series, see  Hibbert's  admirable  Tolume  on  'The  Shetland  Isles,' publi^ied  lOT. 
also  a  series  of  valuable  papers  by  Professor  Heddle  on  "  The  MinfiralogT  of 
Shetland,"  Mineralog.  Mag.  vol.  ii.  pp.  12,  lOfi,  &  liy>. 
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(h)  Coarse-gramed  micaceous  and  homblendio  gneiss,  with  asso- 
ciated limestones,  bands  of  quartadte,  taloose  and  micaceous 
schists. 

These  subdivisions  are  peculiarly  serviceable  to  the  glacialist^  as 
they  help  him  to  determine  the  different  movements  of  the  ice  during 
successive  phases  of  the  ice  age.  The  representatives  of  the  former 
series  extend  from  Fitful  Head  northwards  by  the  Bonxie  and  Cliff 
Hills  to  Laxffrth  Yoe ;  while  the  members  of  the  gneissose  series  lie 
to  the  north-west  of  the  area  just  described.  They  occur  in  the 
districts  of  lingwall,  Weesdale,  Kesting,  Lunnasting,  Belting,  and 
along  the  eastern  seaboard  of  .Northmavine.  The  strike  of  these 
xnetamorphic  rocks  is  generally  N.  10^-20**  E. ;  and  though  opposing 
dips  are  frequently  met  with,  indicating  repetitions  of  the  strata,  they 
usually  dip  to  the  north  of  west  at  high  angles.  Hence  we  have  a 
graduallv  ascending  series  from  the  schists  and  day-slates  of  the 
Cliff  Hills  to  the  coarse  micaceous  gneiss  west  of  the  vale  of  Tingwall, 
and  the  massive  limestones  of  Whiteness  and  Weesdale. 

To  the  persistent  trend  of  the  metamorphic  rocks  must  be  ascribed 
the  remarkable  ridge-shaped  contour  of  the  ground  in  the  centre  of 
the  Mainland.  The  coincidence  between  the  trend  of  the  strata  and 
that  of  the  parallel  ridges  seems  to  indicate  a  direct  relationship 
between  the  two,  the  denuding  agents  being  guided  in  their  opera- 
tions by  the  relative  hardness  and  softness  of  the  materials  exposed 
to  their  influence.  Hence  it  follows  that  we  have  a  series  of  inter- 
vening hollows  running  parallel  with  the  ridges,  which  usually  ter- 
minate seawards  in  long  narrow  voes  or  sea-lodis.  The  erosion  of 
these  hollows  has  doubtless,  in  some  instances,  been  due  to  the 
partial  removal  of  the  bands  of  limestone  by  the  chemical  action  of 
carbonated  waters,  inasmuch  as  the  outcrop  of  the  limestones  coin- 
oides  with  the  course  of  a  longitudinal  hollow. 

The  coarse-grained  gneiss  of  Whalsey  and  the  Outskerries,  with 
the  associated  limestones,  is  merely  the  prolongation  of  the  Main- 
land series ;  and  the  same  remark  is  applicable  to  the  gneiss  occur- 
iDgin  TelL 

The  structure  of  Unst  and  Fedar  is  somewhat  different,  inasmuch 
as  these  isles  contain  well-marked  zones  of  serpentine  and  gabbro, 
the  distribution  of  which  has  an  important  bearing  on  the  question 
of  the  dispersal  of  the  stones  in  the  Boulder-clay.  In  the  island  of 
Unst,  the  VaUafield  ridge  which  flanks  the  western  seaboard,  whose 
highest  elevation  is  about  697  feet,  is  mainly  occupied  by  coarse- 
grained gneiss,  dipping  to  the  south  of  east  at  comparatively  high 
angles.  On  the  eastern  slopes  of  the  ridge  the  gneiss  is  succeeded 
by  grey  mica-schists  and  green  chloritio  schists,  and  these  are  over- 
lain in  turn  by  black  graphitic  schists.  These  dark  schists  seem  to 
form  a  reliable  horizon  with  reference  to  the  masses  of  serpentine 
and  gabbro,  as  they  usually  crop  out  along  the  margin  of  the  areas 
occupied  by  these  masses  and  generally  dip  underneath  them. 
Though  these  schistose  rocks  form  but  a  narrow  band  from  Belmont 
Bay  northwards  to  Baliasta,  they  occupy  a  much  broader  area  to  the 
north  of  the  latter  point,  constituting,  in  fact,  the  group  of  hills 

Q.  J.  G.  S.  Ko.  140.  3  o 
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Toond  Saxavord.  They  reappear  again  in  tlie  aonth-east  oomer  of 
the  island,  where  they  oover  a  strip  of  ground  about  a  mile  in  breadth 
between  Sknda  Sound  and  the  ruins  of  Muness  Castle. 

The  masses  of  serpentine  and  gabbro  in  Unst  lie  in  a  troag}i 
formed  by  these  schiirtB.  They  may  be  sud  to  form  two  parallel 
sones  crossing  the  island  from  south-west  to  north-east,  the  sopen- 
tine  lying  to  the  west  of  the  gabbro.  The  serpentine  area  is  the 
larger  of  the  two,  though  somewhat  irregular  in  outline ;  at  the 
northern  limit  between  Baliasta  Eirk  and  Swena  Ness,  the  msM 
is  nearly  two  miles  in  breadth,  but  as  it  is  traced  southwards  it 
diminishes  to  half  a  mile  in  breadth.  Another  patch  of  gabbro  is  to 
be  met  with  on  the  promontory  east  of  the  ruin  of  Muness  Castle. 

It  seemed  to  us  that  the  serpentine  has  resulted  from  the  meta- 
morphism  of  the  gabbro.  Here  and  there  in  the  gabbro  area,  as, 
for  instance,  on  the  west  side  of  Uya  Sound,  lenticular  patches  of 
serpentine  occur,  as  if  the  transmutation  had  partly  begun  and  had 
been  interrupted.  The  gradual  transition  from  the  one  rock  to  the 
other  is  well  seen  in  the  promontory  on  the  south  side  of  Balta 
Sound.  Professor  Heddle,  who  advocates  this  view,  states  that  the 
gradual  passage  can  be  seen  in  hand  specimens  on  Swma  Ness. 

The  structure  of  the  northern  pcntion  of  Fetlar  is  eomparatiTely 
simple.  The  central  hollow  coincides  with  a  low  antidiiml  axis  of 
black  graphitic  schists  and  chloritic  schists  similar  to  those  in  Unst, 
and  apparently  occupying  the  same  horizon  with  reference  to  the 
gabbro  and  serpentine.  These  rocks  throw  off  on  both  sides  of  the 
arch  beds  of  gabbro  and  serpentine,  forming  the  elerated  grouiid 
round  the  Yord  Hill  on  the  east  and  the  hills  near  Urie  on  the  west 
At  Urie  the  serpentine  which  overlies  the  gabbro  is  inunediatdy 
succeeded  to  the  west  by  coarse-grained  gneiss,  the  perfectly  oon- 
formable  junction  between  the  two  being  distinctly  visible  on  the 
shore  west  of  the  promontory  of  Urie.  The  broad  mass  of  serpen- 
tine which  stretches  from  the  Yord  Hill  eastwards  to  Grating  Bay  is 
thrown  into  a  synclinal  trough,  which  is  nowhere  deep  ^loogh  to 
bring  in  the  overlying  gneiss  to  the  west  of  Urie.  To  the  east  of 
Grating  Bay  occur  the  micaceous  and  chloritio  schists  as  well  as  the 
graphitic  schists,  which  contain  in  minor  folds  small  patches  of  ser- 
pentine. 

Intnisive  Igneous  Bocks  in  the  Metamorphie  Seria, 
Under  this  heading  we  shall  only  indicate  those  introshra  roeks 
and  those  products  of  extreme  metamorphism  which  aro  probably 
older  than  the  Old-Bed- Sandstone  period.  We  have  already  refqred 
to  the  areas  of  gabbro  and  serpentine  in  Unst  and  Fetlar ;  but  id 
addition  to  these  there  are  certain  masses  on  tihe  Ifainlsnd  deeertliig 
special  notice. 

Of  these  by  fieir  the  largest  is  the  mass  of  dioiite  ooeurrin^  in  the 
districts  of  Delting  and  Northmavine  on  the  Mainland.  It  is  up- 
wards of  ten  miles  in  length,  and  in  places  it  exceeds  two  nilea  in 
breadth ;  but  it  ought'  to  be  borne  in  mind  that  the  whofe  id  the 
area  now  described  is  not  occupied  by  the  diorite,  nor  is  the  bonn* 
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dary  line  so  uniform  as  we  have  represented.  A  minute  examina- 
tion of  this  tract  convinced  ns  that  the  groundwork  of  the  area,  so 
to  speak,  is  formed  of  metamorphic  sdiists,  which  are  traversed 
in  all  directions  by  large  and  small  veins  of  this  rock.  Both  the 
diorite  and  the  schists  are  intersected  by  innumerable  veins  of  quarts- 
felsite  which  were  injected  at  a  more  recent  date,  the  whole  series 
of  rocks  forming  a  complicated  network. 

Again,  in  Dunrossness,  between  Quendale  Bay  and  Loch  Spiggie, 
there  is  a  mass  of  intrusive  rock  termed  by  Hibbert  epidotic  syenite, 
which  is  traceable  northwards  through  the  islands  of  Oxna,  Hildasay, 
the  Sandistura  rocks,  the  Channes,  and  part  of  Papa  west  of  Scalloway, 
to  the  Mainland  in  Blxetter  Yoe  and  onwards  to  Aith  Yoe.  This 
rock  varies  considerably  in  character  throughout  its  course ;  in  some 
places  it  is  a  quartz-felsite,  while  in  the  neighbourhood  of  Bixetter 
and  Aith  Yoes  it  is  a  true  porphyritic  granite,  with  large  crystals 
of  orthoclase.  There  can  be  no  doubt  that  it  is  an  intrusive  mass, 
because  it  crosses  obliquely  the  strike  of  the  metamorphic  rocks  on 
Htful  Head  and  the  Wart  of  Skewsburgh  ;  and  it  is  equally  clear 
that  the  eruption  was  prior  to  the  Old-Bed-Sandstone  period,  as  the 
basement  breccias  of  that  formation  rest  unconformably  on  this  rock, 
and  are  largely  made  up  of  angular  fragments  of  the  subjacent  mass. 

A  similar  mass  of  porphyritic  granite  occurs  in  Unst  on  the  bluff 
headland  of  Lambaness  and  on  the  rocky  promontory  north  of  Skaw 
Bay,which  likewise  bears  important  testimony  r^arding  the  direction 
of  the  ice-movement.  In  addition  to  these  masses  there  are  minor 
yeins  of  granite,  gabbro,  and  serpentine,  some  of  which  are  indicated 
on  tiie  map.  There  is  one  fact  bearing  on  the  age  of  the  veins  of 
serpentine  on  the  Mainland  which  is  worthy  of  note ;  and  that  is,  the 
occurrence  of  fragments  of  this  rock  in  the  basement  breccias  of  the 
Old  Bed  Sandstone  in  Dunrossness.  This  circumstance  plainly  in- 
dicates that  the  formation  of  the  serpentine  veins  in  that  neighbour- 
hood preceded  the  formation  of  the  breccias. 

Th€  Old  Bed  Sandstone. 

A  glance  at  the  map  will  show  the  various  areas  occupied  by  the 
members  of  this  formation  in  Shetland.  Beginning  with  the  irregular 
areas  on  the  east  side  of  the  Mainland,  the  succession  may  be  most 
readily  grasped  by  means  of  the  following  section  (fig.  1,  p.  784)*. 

Owing  to  a  series  of  faults  which  form  the  boundary-line  between 
the  metamorphic  rocks  and  the  Old  Bed  Sandstone,  over  a  great 
part  of  the  districts  of  Lerwick,  Quarff,  Conningsburgh,  and  Dun- 
rossness, it  so  happens  that  different  zones  in  this  vertical  section 
are  brought  into  conjunction  with  the  schistose  rocks.  The  true 
base  of  the  series,  however,  is  exposed  in  the  neighbourhood  of 

*  For  preriout  referenoes  to  the  Old  Bed  Sandstone  of  Shetland,  see  Hibbeit's 
'Shetland  Islee,'  1^;  Memoirs  of  Wernerian  Soo.  vol.  i.  p.  162;  Quart. 
Joum.  GeoL  Soo.  roL  ix.  pp.  49,  50,  also  vol.  xv.  p.  413 ;  **  The  Old  Bod 
Sandstone  of  Western  Europe/*  by  Prof.  QeUde,  Trans.  Boy.  Soc.  Edin. 
Tol.  xxxriii.  p.  414;  <The  Old  Bed  Sandstone  of  Shetland,'  by  Dr.  Gibeon, 
Edinburgh,  1677. 
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FUggy  Mriet  of 
Breasay. 


Lerwidt  8>aditone». 


Borey  Head  Conglo- 


Pig.  1. — Vertical  Section  of  East  Qoarff,  on  the  hills  to  the  north 
Old  BedSandstone  strata  of  the  bay  and  to  the  south  towards 
on  east  side  of  Shetland.  Fladabister ;  while  still  another  loca- 
lity is  met  with  near  Loch  Spiggie  in 
Dunrossness.  In  each  of  these  loca- 
lities the  breccia  varies  in  charactor 
according  to  the  nature  of  the  under- 
lying rock. 

In  the  bay  west  of  Brenista  Neas, 
the  overlying  series  of  the  firenisU 
Flags  is  thrown  against  the  breccias 
and  underlying  schists  by  a  fault 
which  is  traceable  inland  in  a  N.N.W. 
direction.  This  series  consists  of 
well-bedded  red  flags,  which  persist- 
ently dip  to  the  east  till  Gulberwi^ 
Eay  is  reached.  The  fault  just  referred 
to,  when  traced  inland,  always  throws 
the  flags  down  against  the  basement- 
breccia,  and  hence  the  actual  super- 
position is  not  satisfactorily  seen  in 
the  neighbourhood  of  Brenista.  Be- 
tween East  Quarff  and  Fladabister, 
however,  the  one  group  may  be  aoesi 
resting  conformably  on  the  other; 
and,  in  addition  to  this,  we  find  thmt 
the  basal  breccia,  which  forms  vertical 
cliffe  on  the  coast-line  about  200  feet 
high,  thins  out  inland  till  there  is 
only  about  3  feet  of  breccia  between 
the  underlying  schists  and  the  over- 
lying Brenista  Flags.  In  some  in- 
stances the  breccia  disappears  alto- 
gether, and  the  Brenista  Flags  rest 
directly  on  the  schists,  a  fact  whidi 
points  to  the  gradual  submergence  of  the  area. 

Eetuming  to  the  shore-section  north  of  East  Quarff,  there  is  a 
gradually  ascending  series  from  the  Brenista  Flags  to  certain  coaxse 
conglomerates  seen  in  a  small  stream  at  the  head  of  the  bay  of  Gol- 
berwick,  which  are  totally  difierent  from  the  basal  breccias  already 
described.  Not  only  are  the  enclosed  pebbles  well  rounded,  but  to 
a  large  extent  the  stones  are  composed  of  diflerent  materials. 
These  beds  are  traceable  up  the  slope  of  the  Gulberwick  hollow, 
to  the  road  between  Lerwick  and  Scalloway,  where  they  form  crags 
on  the  hill  face,  and  where  they  may  be  seen  in  small  quarries  hj 
the  roadside.  They  may  be  followed  also  across  the  hills  north- 
wards to  Rovey  Head,  about  two  miles  north  of  Lerwick,  where  they 
are  brought  into  conjunction  with  the  schists  by  a  fault  which  is 
well  seen  on  the  shore.  From  Rovey  Head  southwards  to  the  lidg© 
overlooking  the  head  of  Fitch  Dale,  this  fault  forms  the  boundary- 
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line  between  the  conglomerates  and  the  metamorphio  rocks.  At 
this  point  it  dies  out,  and  the  boundary-line  southwards  towards 
Fladabister  is  formed  by  the  basement  breccia  already  described. 

At  Bovey  Head  the  conglomerates  are  thrown  into  s}'nclinal  and 
anticlinal  folds ;  but  eventually  they  dip  to  the  south-east,  and  are 
succeeded  immediately  by  grey  sandstones,  with  blue  and  grey  flags 
passing  upwards  into  the  series  of  the  Lerwick  Sandstones.  The 
dominating  members  of  this  series  are  coarse  grits,  frequently  con- 
glomeratic, with  partings  of  fine  red  shales. 

In  Bressay,  however,  these  arenaceous  and  conglomeratic  strata 
are  overlain  by  a  more  flaggy  series,  which  is  more  or  less  persistent 
till  Noss  Head  is  reached.  We  were  struck  with  the  resemblance 
which  some  of  these  grey  flaggy  bands  bear  to  the  calcareous  flags 
of  Orkney  and  Caithness  containing  the  fish-remains ;  but  a  careful 
eearch  failed  to  bring  any  to  light.  Numerous  plant-remains  have 
long  ago  been  detected,  not  only  in  these  strata  but  also  in  some  of 
the  other  groups  on  the  eastern  shore  of  the  Mainland. 

In  the  peninsular  tract  of  country  which  lies  to  the  west  of  the 
Weesdale  district  there  is  a  great  series  of  rocks  which,  with  the 
exception  of  a  small  tract  atMelby,  have  been  hitherto  considered  as 
forming  part  of  the  metamorphic  series.  The  small  strip  of  Old- 
Eed-Sandstone  rocks  at  Melby,  measuring  about  a  mile  and  a  half 
in  length,  has  been  referred  to  by  previous  observers.  They  are 
separated  by  a  fault  from  the  red  quartzites  and  shales  of  Sandness 
Hill ;  and  on  approaching  the  fault  it  is  observable  that  the  beds  are 
much  shattered  on  account  of  this  dislocation.  They  consist  of  red- 
dish sandstones  with  dark  blue  flags  and  shales,  dipping  to  the  east 
of  south  and  south-east,  from  Sandness  to  near  Melby. 

The  great  series  of  rocks  which  occupies  almost  the  whole  of  the 
remainder  of  this  peninsular  tract,  and  which  by  their  fossil  contents 
we  have  proved  to  be  of  Old-Bed-Sandstone  age,  has  a  somewhat 
diflerent  lithological  character.  Over  a  great  part  of  this  area  the 
beds  consist  of  grey  and  blue  altered  sandstones,  with  green  and  pale 
shales.  The  altered  sandstones  are  usually  traversed  in  every  direc- 
tion by  joints,  which  are  coated  with  peroxide  of  iron ;  and  in  places 
the  beds  have  a  marked  schistose  character.  Sometimes  the  sand- 
stones are  converted  into  genuine  quartzites,  and  the  shales  inter- 
bedded  with  them  are  distinctly  cleaved.  The  strata  lie  in  a  trough 
the  axis  of  which  runs  approximately  from  Fontabrough  Yoe  east- 
wards by  the  village  of  Walls  to  the  head  of  Bixetter  Voe.  On 
the  north  side  of  the  syncline  we  have  a  gradually  ascending  series 
exposed  on  the  coast-line  from  the  dififs  of  Sandness  Hill  south- 
wards towards  Fontabrough  Voe,  the  average  strike  of  the  beds 
being  E.  20°  N. 

We  discovered  the  plant-remains  on  the  hills  north  of  Walls,  and 
subsequently  in  quarries  by  the  roadside  east  of  the  village,  and  on 
the  hills  between  Gruting  and  Bixetter  Voes.  They  have  been  exa- 
mined by  Mr.  0.  W.  Peach,  who  has  kindly  furnished  the  notes  on 
the  specimens  embodied  in  the  Appendix.  He  is  of  opinion  that  the 
plants  are  identical  with  those  found  in  the  Old-Bed  formation  of 
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CaitlmesB  and  Orkney ;  and  tihe  strata  in  wbicli  thej  are  imbedded, 
altered  though  they  be,  mnat  be  relegated  to  tiiat  period. 

This  eonclnsion  is  still  farther  strengthened  by  the  ocoorrenee  in. 
these  rocks  of  interbedded  porphyrites  and  to^  in  a  highlj  altered 
form,  which  we  detected  on  the  headlands  between  Aitih  Neas  and 
Clonster,  and  on  the  western  shore  south  of  Dales  Yoe,  reseml^iBg 
in  many  respects  the  contemporaneous  volcanic  rocks  to  be  desoibed 
presently.  Further,  we  are  inclined  to  belicTe  that  t^e  series  of 
altered  thick-bedded  sandstones  and  shales  which  occupy  the  greater 
portion  of  this  peninsular  tract  are  on  the  same  horizon  with  the 
Lerwick  Sandstones  on  the  eastern  side  of  the  Mainland. 

It  is  not  improbable  that  the  alteration  of  the  strata  in  this  wide 
area  may  be  due  to  the  existence  of  a  mass  of  granite  underneath 
these  rocks.  We  shall  have  occasion  to  refer  to  the  mass  of  granite 
in  the  heart  of  these  bods  in  Sandsting,  and  to  similar  intrusiTe 
masses  of  Old-Eed-Sandstone  age  to  the  north.  The  extent  of  ground 
occupied  by  these  acidic  rocks  indicates  the  great  Yolcanic  actrdty 
which  prevailed  during  that  period;  and  though  these  are  now 
isolated  at  the  surface,  it  is  highly  probable  that  they  may  be  con- 
nected underneath. 

These  altered  fossiliferous  strata  are  brought  into  conjunction  with 
the  gneissose  rocks  to  the  east  and  north  by  two  great  faults  which 
we  have  traced  on  the  ground,  the  one  running  north  and  south,  and 
the  other  approximately  east  and  west.  Usually  the  altered  strata 
are  terribly  shattered  and  baked  dose  to  the  lines  of  dislocation, 
and  are  likewise  injected  with  numerous  veins  of  very  fine-grained 
felsite. 

Contemporaneous  Igneous  Bodes. 

In  the  western  district  of  Northmavine,  between  Stennis  and 
Ockren  Head,  at  the  mouth  of  Roeness  Voe,  there  is  an  important 
development  of  ancient  lavas  and  ashes,  associated  at  certain  loca- 
lities with  aehy  sandstones  and  red  flags  beloogiug  to  this  period. 
The  tract  of  ground  occupied  by  these  rocks  measures  about  six 
miles  in  length,  and  varies  in  breadth  from  one  to  two  milea.  The 
structure  of  this  narrow  tract  is  comparatively  simple,  as  the  strata 
form  a  flat  syncline,  in  the  centre  of  which  lies  coarse  ash,  and  un- 
derneath a  series  of  sla^y  porphyrites  with  occasional  beds  of  red 
ashy  sandstones  and  flags. 

On  the  south  bank  of  Eoeness  Yoe,  rather  more  than  a  mOe  from 
Ockren  Head,  in  a  steep  grassy  geo,  the  slaggy  porphyrites  are 
brought  into  conjunction  with  the  pink  quartz-felsite  by  a  fault.  In 
Braewick  Bay,  west  of  Hillswick,  the  interbedded  and  intrusive 
igneous  rocks  are  not  found  in  such  dose  proximity,  the  junction 
being  concealed  by  the  sandy  beach ;  but  tbere  can  be  little  doubt 
that  the  same  fault  runs  out  to  sea  in  this  bay. 

Crossing  the  coarse  volcanic  breccia,  which  forms  the  centre  of  the 
syncline,  to  Ockren  Head,  at  the  mouth  of  Roeness  Yoe,  the  succes- 
sive lava-flows  are  admirably  shown,  piled  on  each  other  in  regular 
succession.     This  headland,  as  well  as  the  adjacent  stack,  exhibit  at 
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least  four  different  laya-flows,  Oftpped  by  coarse  ash.  The  lavas 
thicken  and  thin  oat  rapidlj,  and  likewise  exhibit  i^e  nsnal  slfiggy 
stmctore  at  the  top  and  bottom  of  the  flow.  Some  of  these  beds 
are  also  highly  inyolved,  and  show  dearly  the  way  in  which  the 
partially  BoHdined  crust  has  been  canght  up  and  rolled  over  and  over 
in  the  advancing  current  of  still  molten  lava. 

We  have  alrc^y  alluded  to  the  porphyrites  and  tuffs  which  occur 
in  the  altered  rocks  north  of  Walls.  We  also  detected  a  bed  of  lava 
in  the  Holm  of  Melby,  and  a  thin  bed  of  tuff  associated  with  the 
grey  flags  on  the  east  side  of  Bressay,  opposite  the  north  end  of  the 
island  of  Noss.  The  contemporaneous  volcanic  rocks  found  in  Papa 
Stour  have  been  previously  described  by  Professor  Qeikie. 

Tntnuive  Igmaus  Bocks. 

In  the  north  and  western  portions  of  the  Mainland  there  is  a 
splendid  development  of  highly  siliceous  intrusive  rocks,  which 
occupy  the  most  elevated  ground  in  the  island.  They  extend  from 
a  point  on  the  north  end  of  the  Mainland  opposite  the  island  of  Uya, 
southwards  to  Boeness  Yoe,  culminating  in  the  dome-shaped  mass 
of  Boeness  Hill.  Thence  they  cross  the  peninsular  tract  to  the 
Heads  of  Orocken,  west  of  Hillswick,  reappearing  in  the  slender 
columns  of  the  Drongs.  The  western  portion  of  Mcikle  Rooo  is  formed 
of  the  same  material,  and  likewise  the  north-eastern  headlands  of 
Vementry,  while  the  small  area  of  quartz-porphyry  at  Melby  must 
also  be  included  in  the  same  great  intrusive  series.  In  addition  to 
the  areas  now  referred  to,  there  are  other  lenticular  masses  varying 
in  size  down  to  veins  a  few  feet  across,  occurring  at  intervals  from 
Mavis  Grind,  northwards  to  Boeness  Voe  and  OUaberry.  These  tra- 
verse the  Northmavine  diorite  and  metamorphic  rocks  alike,  in- 
creasing in  number  and  extent  as  they  approach  the  Boeness  mass. 

These  rocks  vary  considerably  in  character ;  but  they  all  agree  in 
possessing  a  large  proportion  of  silica,  while  the  felspar  is  usually 
orthodase.  As  a  rule,  they  are  coarsely  crystalline,  the  two  pre- 
valent ingredients,  quartz  and  orthodase  felspar,  being  distinctly 
crystallized,  which  causes  the  rock  to  assume  a  marked  granitoid 
texture.  There  can  be  little  doubt  that  these  coarsely  crptalline 
rocks  must  have  originally  consolidated  under  great  pressure,  though 
the  materials  under  which  they  lay  buried  have  been  wholly  re- 
moved by  denudation.  Further,  the  marked  columnar  structure 
which  meets  the  eye  along  both  banks  of  Boeness  Voe,  and  from  the 
Heads  of  Grocken  to  Braewick  Bay,  as  well  as  along  the  western 
shores  of  Meikle  Booe,  suggest  the  idea  of  a  great  intrusive  sheet, 
forced  in  like  a  wedge  between  the  metamorphic  series  and  the 
members  of  the  Old  Bed  Sandstone  long  since  worn  away.  A  simi- 
lar intrusive  sheet  occurs  in  Papa  Stour,  as  described  by  Professor 
Geikie,  where  the  same  columnar  structure  is  apparent,  and  where 
a  fragment  of  the  once  superincumbent  strata  is  still  to  be  seen  at 
the  Horn  of  Papa.  Fortunately  the  intrusive  nature  of  this  latter 
sheet  is  placed  beyond  doubt,  inasmuch  as  the  pink  porphyry  is  seen 
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cutting  acTO€B  the  uoderljring  sandstoiies 
M  d  from  a  lower  to  a  higher  horizon. 

J  Afl  the  resnlt  of  careful  making  of 

the  houndaries  of  the  Nortiimavine 
mass,  we  are  of  opinion  that  the  Boe- 
ness-hill  plateau  is  a  great  intrusiTe 
sheet  whidi  forced  its  way  upwards  and 
laterally  between  the  metamorphic  stntt 
on  the  one  hand,  and  the  members  of  the 
Old  Bed  Sandstone  on  the  other,  at  the 
time  when  the  Mainland  lay  buried  under 
.  the  sedimentary  deposits  which  aocuma- 

M  lated  during  that  period.    It  is  not  at  aU 

^  improbable  that  this  immense  mass  may 

3  have  been  connected  with  the  surftee 

J  by  pipes  which  traversed  the  supeiin- 

'^         cumbent  strata,  and  may  have  dischaiged 
'^         yolcanic  materials  at  the  surface. 
£  I  Its  relations  to  the  metamorphic  aeries 

^  J       are  admirably  defined.     Along  the  east- 
'O  £      em  seaboard  of  Northmavine  it  forms  a 
^  j      mural  escarpment  about  200  feet  high, 
.  ^       part  of  whidi  is  known  by  the  name  of 
the     Biurgs.     Innumerable     veins     of 
quartz-felsite  branch  off  from  the  nuin 
mass    and    intersect    the  metamorphic 
series.     Further,  it  sometimes  happens 
that  portions  of  the  adjacent  rocks  are 
enclosed  in  the  quartz-febite,  as,  for  in- 
^*       stance,  near  Colifirth  Yoe,  where  a  frag- 
3      ment  of  serpentine  is  caught  up  in  the 
*|       mass.     Again,   on   the   north   hank  ol 
'I       Boeness  Yoe,  the  sheet  spreads  over  the 
jj  g,      edges  of  the  diorite  and  metamorphic  rocks 
8  'g       without  producing  any  deflection  of  the 
o  "       strike  of  the  metamorphic  series,  as  shown 
'i.g      in  the  accompanying  section  (fig.  2). 

Joe  To  the  west  of  Hillswick,  on  the  fHo- 

M  turesque  Heads  of  Grocken,  the  highly 
^  ^  siliceous  quartz-felsite  is  thrown  against 
^  ^  the  metamorphic  series  by  a  fault,  which 
is  well  seen  on  the  cliffs.  This  fault 
passes  out  to  sea  between  the  little  islets 
of  Waterhouse  Holm  and  the  Drongs, 
and  reappears  in  Meikle  Booe,  separating 
the  quartz-felsite  from  the  diorite  of  that 
island.  In  all  likelihood  this  disloca- 
tion is  the  northward  prolongation  of  the 
great  north -and-south  fault  already  de- 
scribed, which  brings  the  metamorphosed 
Old-Eed-Sandstone  rocks  into  conjunc- 
tion with  the  gneissose  rocks  ofWeesdale. 
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Our  condusion  regarding  the  Boeness  plateau  is  strengthened  by 
a  oonsideration  of  the  relations  of  the  granite  mass  of  Sandsting  to 
the  altered  Old-Red  strata  of  that  district.  This  siliceous  intrusive 
rock  has  several  lithological  varieties ;  but  away  from  the  margin  of 
the  area,  as,  for  instance,  on  the  hills  above  Gruting  and  round 
Skelda  Yoe,  it  is  an  ordinary  granite  consisting  of  pink  orthoclase, 
quartz,  and  mica. 

On  the  shores  of  Gruting  Voe,  at  the  foot  of  Culswick  Hill,  the 
junction  of  the  granite  with  the  Old-Bed  quartzites  and  shales 
is  well  seen,  from  an  examination  of  which  it  is  evident  that  the 
granite  is  intruded  along  the  lines  of  bedding  of  these  strata.  The 
junction-line  has  nearly  the  same  inclination  as  that  of  the  quartzites, 
which  dip  to  the  north  at  an  angle  of  about  20^.  The  two  rocks 
are  not  strictly  conformable,  however;  for  the  granite  here  and 
there  cots  across  the  bedding,  indicating  in  an  unmistakable  manner 
the  intrusive  nature  of  the  igneous  rock.  The  junction  is  a  sharp 
and  well-defined  line,  as  small  hand-specimens  can  easily  be 
got,  2  inches  across,  including  the  granite  and  the  quartzite,  the 
two  being  firmly  wdded  together.  Near  the  junction  of  the  two 
rocks  the  quartzites  are  pervaded  by  numerous  dykes  of  pink  felstone 
proceeding  from  the  main  mass. 

The  mass  of  granite  in  the  north  of  Delting  and  on  the  western 
shores  of  Sulem  Yoe  was  probably  erupted  during  the  same  period 
of  volcanic  activity ;  but  the  evidence  is  not  so  convincing  as  that 
referring  to  the  areas  already  described. 

Bat  in  addition  to  the  grand  series  of  intrusive  rocks  we  have  just 
indicated,  there  is  evidence  to  prove  that  even  these  quartz-felsites 
and  granites  were  invaded  by  a  still  later  series  of  dykes,  of  a 
basic  character.  Hibbert  detected  the  existence  of  these  dykes 
on  Boeness  Hill ;  and  during  our  traverses  in  the  district  of  North- 
mavine,  Delting,  and  Meikle  Booe  we  came  across  many  similar 
masses,  varying  in  breadth  from  2  feet  to  several  yards.  Along  the 
cliffs  of  Boeness  Yoe,  and  in  the  island  of  Meikle  Booe,  these  dykes 
are  strikingly  exhibited,  forming  great  wall-like  masses,  running 
generally  in  a  north-and-south  direction.  Sometimes  they  project 
above  the  acidic  rocks,  while,  again,  they  weather  more  rapidly, 
forming  great  clefts  in  the  face  of  the  diff.  They  are  fine-grained, 
and  consist  of  a  dark-green  diabase  porphyrite.  They  traverse  the 
metamorphic  rocks,  as  well  as  the  porphyrites  and  tuffs,  west 
of  Braewick ;  and  there  can  be  little  doubt,  therefore,  that  they 
form  the  last  indications  of  volcanic  activity  during  the  Old-Bed- 
Sandstone  period  iu  Shetland. 

Close  by  the  entrance  to  the  Noss  Sound,  on  the  Bressay  shore, 
we  detected  a  series  of  necks  arranged  in  a  linear  manner,  which 
seem  to  have  come  to  the  surface  along  a  line  of  fissure.  Similar 
necks  occur  on  Noss,  on  the  opposite  side  of  the  Sound.  It  is 
highly  probable  that  these  volcanic  orifices  served  merely  as  vents 
for  the  discharge  of  steam,  with  occasional  showers  of  triturated 
materials  derived  mainly  from  the  sides  of  the  vents.  The  adjacent 
bed  of  tuff,  associated  with  the  grey  flags,  as  well  as  the  nature  of 
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the  agglomerate  wludi  now  fflb  these  necksi  seems  to  support  this 
Tiew. 

ILL   GULCXATIOV. 

From  Bumbnrgh  Head  northwards  to  Hermaness  in  Unst,  we  find 
everywhere  the  clearest  eyidenoe  that  Shetland  must  have  beoi  at 
one  time  smothered  in  ice.  The  ice- worn  islets  along  the  shore- 
line, i^  polished  and  striated  surfaces  on  ihe  low  grounds,  the 
abraded  and  fluted  appearance  of  the  highest  hills  on  the  Mainland, 
alike  point  to  the  action  of  a  thick  mass  of  ice,  which  must  ha^ 
enveloped  the  isles.  It  is  quite  true  that  over  considerable  areas 
much  of  the  evidence  is  obscured  by  a  thick  covering  of  peat ;  but 
wherever  the  peaty  covering  has  been  worn  away,  there  are  con- 
vincing proofs  of  that  intense  abrasion  which  we  are  accustomed  to 
meet  with  in  highly  glaciated  r^ons. 

Before  describing  the  proofs  of  glaciation  in  the  different  islands, 
it  may  be  well  to  state,  as  the  result  of  our  observations,  that  most 
of  the  roches  moutonni^s  and  striations  indicate  the  movement  of  an 
ice-sheet  across  the  islands  from  the  North  Sea  to  the  Atlantic ;  but, 
in  addition  to  this,  there  is  satisfactory  evidence  for  maintaining 
that,  as  the  climatic  conditions  gradually  ameliorated,  the  primary 
ice-movement  gave  place  to  that  of  local  glaciers,  which  moved  off 
the  high  groimds  in  the  ordinary  way,  depositing  their  terminal  and 
lateral  moraines  as  they  shrank  back  into  the  hills. 

Along  the  eastern  seaboard  of  Unst  the  direction  of  the  ice- 
markings  varies  from  W.  to  W.  20®  S.  From  Norwick  to  Harolds- 
wick  numerous  striae  occur  on  the  cliff-heads  running  W.  to  W.  20°  S., 
some  of  which  were  found  on  the  top  of  a  cliff  500  feet  high ;  while 
in  the  southern  parts  of  the  island  the  average  trend  is  W.  30°  8.  In 
Fetlar  the  general  direction  of  the  striae  along  the  northern  ooast^ 
from  Gruting  Bay  to  the  promontory  of  Urie,  is  W.  30°  S.,  though 
they  vary  from  W.  to  W.  30**  S.  Two  exceptions  to  the  forgoing 
examples  were  found  on  the  west  side  of  the  island — one  on  a  gla- 
ciated surface  of  serpentine  west  of  the  promontory  at  Urie,  running 
north  and  south,  and  the  other  on  gneiss  at  the  north-west  comer 
of  the  island,  pointing  N".  10°  W.  These  instances,  however,  have 
no  connexion  with  the  main  set  indicating  the  general  glaciation  of 
the  island. 

Again,  on  the  north-east  coast  of  Yell  the  striae  point  W.  25°  S^ 
harmonizing  with  the  direction  of  those  found  on  the  south  side  of 
the  island  of  Unst ;  but  on  the  western  seaboard  from  Sandwiek  to 
the  Noup  of  the  Graveland  the  trend  varies  from  W.  30°-39°  N.  In 
spite  of  this  variation  we  are  convinced,  from  evidence  obtained  in 
the  Mainland,  that  these  instances  belong  equally  to  the  period 
of  primary  glaciation.  It  would  seem  that  the  ice-sheet  abutted  on 
the  eastern  seaboard  of  Shetland  with  a  S.S.W.  and  S.W.  trend,  and 
after  reaching  the  crest  of  the  Mainland  it  swung  round  to  the 
N.N.W.  and  N.W. 

Along  the  north-west  coast  of  Whalsey,  between  Skaw  Taing  and 
Sy  mbister,  the  average  direction  of  twenty-one  instances  is  8.  2^  W., 
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varying,  however,  from  S.W.  to  8. 15**  W.,  the  variation  being  dne 
in  many  cases  to  inequalities  of  the  ground ;  while  on  the  south- 
eastern shore  the  trend  varies  from  B.  16°  W.  to  S.  23°  W.  Now  it 
is  apparent,  on  a  moment's  consideration^  that  the  direction  of  the 
strisB  would  have  been  widely  different  had  the  island  radiated  it« 
own  ice,  and  had  the  glaciation  been  purely  local.  Both  on  the 
north-west  and  south-east  shores  the  strise  are  either  parallel  with 
the  long  axis  of  the  island  or  cut  obliquely  across  it ;  and  hence,  in 
order  to  produce  these  striae,  there  must  have  been,  during  the 
primary  glaciation,  a  mass  of  ice  moving  in  that  particular 
direction. 

In  addition  to  this,  there  is  evidence  to  prove  that  this  island 
possessed  local  glaciers  at  a  later  period  ;  for  to  the  north  of  Challi- 
setter  ice-markings  occur,  trending  N.  and  N.  10°  E.  Close  by  these 
later  striations,  numerous  small  moraines  are  seen  on  the  gentle 
slope  which  flanks  the  central  ridge  in  the  northern  portion  of  the 
isl^d. 

There  is,  perhaps,  no  district  in  Shetland  where  the  intense 
abrasion  typical  of  glaciated  regions  is  so  patent  as  in  the  out- 
skerries  of  Whalsey.  When  sailing  from  the  latter  island  to  the 
Skerries,  we  were  struck  with  the  ice- worn  aspect  of  the  numerous 
little  domes  of  rock  projecting  above  the  water.  Housay,  Brury, 
and  Gmna  may  be  described  as  large  roehes  moutonnSes  wluch  have 
been  ground  down,  bared,  and  striated  in  a  wonderful  manner. 
From  the  top  of  the  little  hill  south  of  the  schoolhouse,  one  sees  all 
round  a  succession  of  bare  hummocks  and  domes  of  rock,  destitute 
of  any  drift-covering,  and  with  little  vegetation,  revealing  un- 
mistakably the  great  pressure  to  which  the  islands  have  been  sub- 
jected. In  Gmna  the  striae  vary  from  S.  10°  W.  to  W.  42°  S. ;  in 
Brury,  on  the  top  of  the  highest  hill,  S.  36°  W. ;  and  in  Housay, 
S.S.W.  to  S.W. 

A  glance  at  the  map  wiU  show  that  the  instances  now  adduced 
coincide  in  direction  with  those  occurring  in  "Whalsey,  and,  with 
the  exception  of  a  little  more  southing,  they  agree  with  those 
in  Unst,  Fetlar,  and  on  the  east  coast  of  Yell.  In  the  case  of  the 
Skerries  this  south-westerly  trend  has  a  marked  significance,  inas- 
much as  no  one  can  possibly  dispute  that  the  glaciating  agent  must 
have  been  quite  independent  of  the  islets.  It  is  equally  clear  that 
the  markings  are  not  due  to  the  action  of  any  local  sheet  radiating 
from  the  Mainland  of  Shetland.  Apart  altogether  from  the  fact  that 
the  position  of  the  roches  moutonrUes^  as  well  as  a  minute  examination 
of  the  striated  surfaces,  convinced  us  that  the  ice  crossed  the  Skerries 
from  the  north-east  towards  the  south-west,  there  are  other  reasons 
why  these  markings  cannot  be  attributed  to  any  such  local  cause. 
When  we  come  to  discuss  the  evidence  supplied  by  the  Mainland  in 
regard  to  the  extent  of  the  later  glaciation,  we  shall  see  that  there 
is  satisfactory  ground  for  maintaining  that  the  later  glaciers  did  not 
spread  far  beyond  what  is  now  the  coast-Hne  of  that  island.  More- 
over, the  direction  of  the  later  glacier  movement  on  the  east  side  of 
the  Mainland  is  at  variance  with  the  trend  of  the  striae  occurring  in 
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the  Skerries.  For  these  variouB  reasons,  therefore,  we  are  jnstifi^ 
in  inferring  that  the  glaciation  of  these  outlying  islets  is  due 
to  the  action  of  an  ice-sheet  originating  fsir  heyond  the  sphere  of 
Shetland. 

On  the  eastern  seahoard  of  Northmavine,  in  the  Mainland,  betw^n 
OUaberry  and  North  Hooe,  the  general  trend  of  the  ice-markings  is 
in  a  south-westerly  direction.  On  the  north  shore  of  North  Booe  Bay 
two  sets  of  striae  were  observed — one  pointing  S.  40°  W.,  belonging 
to  the  primary  glaciation;  the  otiier  S. 30°E.,  produced  by  later 
glaciers  moving  down  the  bay.  Near  Fethaland  Point  two  sets  of 
striie  were  observed,  which  clearly  prove  the  general  movement  of 
the  ice  during  the  primary  glaciation,  and  at  the  same  time  a 
separate  movement  of  the  lower  portions  of  the  mass  caused  by  an 
undertow.  On  the  headland  north  of  the  fishing-station  the  stris 
run  N.W.  and  N.  2(P  W. ;  while  on  the  south  side  of  the  bay,  about 
a  mile  from  the  fishing-station,  the  markings  on  the  clifT-heads 
pint  N.  6°  W.,  N.  10°  E.,  N.  20°  W.,  indicating  a  varying  movement 
in  a  northerly  direction.  On  ascending  the  polished  slope  which 
overlooks  the  foregoing  examples,  the  direction  is  S.  10°-35°  W. 
This  divergence  is  readily  accounted  for  by  supposing  that  the  lower 
current  moved  in  a  north  and  north-west  direction,  while  on  the 
slopes  of  the  ridge  the  upper  current  moved  towards  the  south-west 
in  harmony  with  the  general  movement  along  the  eastern  seaboard 
of  the  Mainland. 

Again,  in  the  upper  part  of  Boeness  Yoe,  the  stri®  point  W.  and 
W.  10°  N. ;  but  on  descending  the  sea-loch  they  swing  round  to  the 
north-west,  the  instances  near  the  mouth  of  the  voe  trending 
N.  20°-28°  W.  The  same  northing  of  the  strise  is  splendidly  seen 
on  the  area  occupied  by  the  interbedded  volcanic  rocks  between 
Braewick  Bay  and  Hanma  Voe,  the  direction  varying  fix)m  N.20°  W. 
toN.W. 

Along  the  highroad  from  OUaberry  to  Mavis  Grind,  numerous 
instances  were  observed  which  likewise  indicate  a  passage  oi  ice 
from  the  North  Sea  towards  the  Atlantic.  On  reaching  Sulem  Voe 
from  the  north,  the  eye  at  once  fixes  on  a  large  rocTu  motUonnSe  of 
diorite,  which  rises  to  a  height  of  200  feet  above  the  sea-loch,  and  the 
surface  of  which  is  finely  polished  and  striated,  the  markings  pointing 
W.  5°  S.  And  so,  also,  the  narrow  neck  of  land  at  Mavis  Grind 
is  similarly  grooved ;  indeed,  over  the  whole  of  the  district  round 
Hagrister  and  Islesburgh  and  north  of  Magnusetter  Voe,  the  ioe- 
wom  aspect  of  the  hills  is  very  apparent,  the  smooth  slopes  looking 
to  the  east,  while  the  rough  slopes  face  tbe  west,  indicating  the 
direction  from  which  the  ice  came. 

On  the  eastern  shores  of  the  districts  of  Nesting,  Lunnasting,  and 
Belting  there  is  no  lack  of  evidence  regarding  the  glaciation,  as  stri» 
are  plentiful,  and  in  certain  areas  there  is  but  a  scanty  covering  of 
peat  and  herbage.  It  is  difficult  to  convey  an  adequate  impression 
of  the  singularly  bare  and  mamillated  appearance  of  the  trac^ 
of  ground  which  forms  the  peninsular  headlands  of  Lunnasting. 
Bare  dome-shaped  hills,  dotted  all  over  with  lochs,  occur  in  the 
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tract  between  Donrye  and  Yidlon  Yoes ;  and  the  same  features  are 
apparent  on  the  rocky  promontory  north  of  the  latter  sea-loch. 
Indeed,  so  perfect  and  so  abundant  are  the  roches  moutonnees  that 
it  may  be  correctly  described  as  by  far  the  finest  district  on  the 
Mainland  for  studying  the  effects  of  the  primary  glaciation. 

The  average  trend  of  the  ice-markings  in  the  districts  now 
referred  to  is  W.  35°  8.,  though  they  vary  from  W.  to  S.W.  The 
position  of  the  roches  moutonnees  leaves  no  room  for  doubt  as  to  the 
direction  of  the  ice-movement.  In  Swining  Voe,  which  lies  to  the 
west  of  Vidlon  Voe,  there  is  a  gentle  Boulder-clay  slope  on 
the  east  bank,  and  a  steep  rock-face  on  the  west  bank,  rising  to  a 
height  of  from  400  to  500  feet.  Notwithstanding  this  steep  slope, 
the  whole  rock-face  is  splendidly  glaciated ;  and,  strange  to  say,  the 
stride  do  not  run  parallel  with  the  coast-line  but  obliquely  across  it, 
the  direction  being  nearly  south-west.  In  one  remarkable  instance, 
about  halfway  down  the  voe,  on  a  glaciated  surface,  which  slopes 
downwards  into  the  sea-loch  at  an  angle  of  65°,  striae  were  observed 
which  could  be  traced  from  the  water-level  up  the  rock-face  at  an 
angle  of  25°  with  the  surface-plane  of  the  sea-loch.  We  shall  point 
out  presently  how  the  dispersal  of  the  stones  in  the  Boulder- clay 
completely  substantiates  this  south-westerly  movement  of  the  ice. 

The  tract  of  eountry  which  stretches  from  Weesdale  westwards 
to  Melby  and  Walls  presents  the  same  glaciated  aspect,  though  in 
many  places  the  roc^  moutonnees  have  been  much  broken  up  by 
atmospheric  waste.  Nevertheless  the  rounded  outline  of  the  hills 
testifies  to  the  moulding  of  the  whole  tract  by  ice,  while  the  striss 
have  a  marked  north-westerly  trend,  quite  in  keeping  with  the 
northing  already  referred  to  on  the  western  shores  of  Northmavine. 
Not  only  so,  but  the  highest  ground  in  the  centre  of  the  Mainland 
is  likewise  ground  down  and  striated.  The  ridge  which  extends 
from  Weesdale  hill  (842  feet)  to  Scallafield  (916  feet)  reveals  the 
finer  lines  as  well  as  the  flutings  of  the  ice-chisel  wherever  the  peat 
is  worn  away,  the  direction  varying  from  W.  28°-40°  N.  Near  the 
gap  in  the  ridge  overlooking  the  head  of  Weesdale  Yoe,  the  polished 
surfaces  and  striations  are  as  fresh  as  if  the  ice  had  but  recently 
passed  away.  Further,  the  same  north-westerly  trend  is  met  with 
on  the  banks  of  Olna  Yoe,  east  of  Meikle  Eooe,  and  in  the  numerous 
seanlochs  opposite  the  isles  of  Papa  Little  and  Yementry. 

In  the  districts  of  Lerwick  and  Quarfl^,  on  the  eastern  seaboard, 
there  is  conclusive  evidence  of  the  existence  of  two  systems  of  ice- 
markings,  the  one  set  belonging  to  the  general  glaciation  trending  in 
a  south-westerly  direction,  and  the  other  set  belonging  to  a  later 
period,  indicating  a  movement  in  a  south-easterly  direction,  produced 
by  local  glaciers.  Indeed,  so  severe  must  have  been  the  later  gla- 
ciation in  the  neighbourhood  of  Lerwick,  that  most  of  the  instances 
belonging  to  the  primary  system  were  well-nigh  effaced  by  it.  Both 
the  abundance  and  the  freshness  of  the  stri®  belonging  to  the  later 
system  plainly  indicate  the  power  of  the  local  glaciers  in  this  neigh- 
bourhood ;  but  we  shall  see  presently  that  at  no  time  were  they 
large  enough  to  override  the  island  of  Bressay.     Several  interesting 
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examples  of  erosB-hatcheB  were  observed  near  the  fort  at  Leoridc,  also 
north  of  the  docks,  aud  again  near  the  Tillage  of  Sound,  the  ol^ 
markings  i*anning  S.W.  and  the  newer  ones  8. 40^  £.  to  £•  40^  S. 

In  the  long  tongue  of  land  stretching  southwards  fronir  Quaiff  to 
Sumburgh  Head,  the  stri»  belong  mainly  to  ihe  later  gladation,  the 
direction  varying  from  E.  29'' 8.  to  S.34''E.;  about  half  a  mile  from 
Boddom,  however,  by  the  roadside,  some  examples  oocur  in  whi<^ 
the  trend  is  W.  3°-^°  N.,  produced  by  ice  moving  in  a  westedj 
direction. 

From  the  evidence  we  obtained  in  Breesay,  it  is  clear  tiiat  the 
south-westerly  system  is  the  one  which  is  most  prominently  marked 
in  that  island ;  indeed,  so  abundant  are  the  ice-markings  belonging 
to  the  early  gladation,  that  some  parts  probably  escap^  the  move- 
menta  of  the  later  glaciers  altogether.  This  much  is  certain,  Uiat 
the  local  glaciers  of  the  Mainland  were  only  able  to  override  the 
north-western  portions  of  Bressay.  Along  the  eastern  coast,  from 
Heogan  to  the  lighthouse,  as  well  as  by  the  roadside  from  Gullensbro 
to  Gardie,  the  trend  varies  from  W.  20"^  8.  to  8.  30°  W.  But  on  the 
slopes  east  of  the  Wart  the  later  system  points  8. 20°  £.  to  £.  16°  S. 

In  the  island  of  Meikle  Booe,  which  lies  to  t^e  west  of  the 
Mainland,  the  average  trend  is  N.  30°  W. ;  in  Papa  8tour  it  varies 
from  N.  to  N.28°W.;  while  in  Foula,  the  most  isolated  of  the 
Shetland  group,  situated  about  18  miles  to  the  8J3.W.  of  the  village 
of  Walls,  well-marked  striations  were  observed,  running  N.W.  and 
W.30°N. 

Altogether  we  recorded  upwards  of  three  hundred  and  twen^ 
instances  of  striations  in  the  Shetland  Isles,  the  great  majority  of 
which  belong  to  the  primary  glaoiation. 

IV.  Bouldbr-Clax. 

The  Boulder-day  and  morainic  deposits  confirm  in  a  remarkaUe 
manner  the  conclusions  already  established  regarding  the  doable 
system  of  glaciation  in  Shetland.  The  rich  variety  of  rocks,  not 
only  in  the  Mainland,  but  also  in  Unst  and  Fetlar,  enables  us  to 
test  the  truth  of  these  conclusions  by  noting  carefriUy  the  distri- 
bution of  the  included  stones  and  the  sources  whence  they  were 
derived.  If  it  be  true,  as  has  just  been  stated,  that  the  ioe  moved 
from  the  North  Sea  to  the  Atlantic  during  the  primary  gladation,  it 
naturally  follows  that  the  BoiQder-clay  or  moraine profoncU  ooconing 
to  the  west  of  the  serpentine  areas  in  Unst  and  FeUar  should  con- 
tain a  certain  percentage  of  stones  derived  frt)m  tiiose  areas.  The 
very  same  reasoning  is  also  applicable  to  the  Mainland ;  and  in  order 
to  show  how  completdy  the  dispersal  of  the  stones  in  the  Boulder- 
day  substantiates  this  oondusion,  we  shall  briefly  describe  a  series 
of  traverses  we  made  in  Unst,  Fetlar,  and  the  Mainland,  'vdiere  the 
rocks  vary  in  lithologioal  character,  indicating  the  variations  in  ^ 
Boulder-day  and  the  distribution  of  the  induded  stones. 

Boimd  Balta  Sound,  in  Unst,  this  deposit  is  sparingly  distxibated, 
only  occasional  sections  being  visible  on  the  north  and  south  sides 
of  tiie  bay,  the  induded  blocks  being  almost  wholly  derived  Ihna  the 
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3  and  serpentine  areaa.  Due  west  of  the  Sound,  in  the  hollow 
which  flows  the  Baliastabum,  there  is  a  considerable  covering 
ilder-clay,  the  included  stones  being  mainly  composed  of  ser- 
le  and  dark  graphitic  schist,  though  the  underlying  rock  con- 
f  green  chloritic  schist  and  gneiss.  Ascending  the  Yallafleld 
the  slope  is  found  to  be  coyered  with  heather  and  peat,  and 
ligh  destitute  of  drift.  Where  this  coyering  has  been  remoyed, 
ous  bleached  fragments  of  serpentine  are  to  be  found  ;  nvhile 
he  top  of  the  ri^,  where  the  slope  is  more  gentle,  occasional 
)s  of  Boulder-day  are  met  with  in  which  well-striated  frag- 
of  serpentine,  gabbro,  and  black  schist  occur.     No  Boulder- 

I  to  be  seen  on  the  watershed,  which  reaches  a  height  of  oyer 
et  at  this  point ;  still,  where  the  peat  is  worn  away,  a  few 
ed  £ragments  of  serpentine  are  obseryable. 

Qg  the  western  coast,  from  Woodwick  to  Wick  Bay,  a  narrow 
Dr  terrace  interyenos  between  the  rook*alope  and  the  coast-, 
rhich  is  coyered  with  Boulder-clay  more  or  less  continuously, 
ent  sections  of  it  are  exposed  at  the  heads  of  the  numerous 
At  Cpllaster  it  consists  of  a  tough  fawn-coloured  day,  full  of 
d  stones  of  aU  sizes  up  to  blocks  2  to  3  feet  long.  The  fol- 
:  percentages  were  taken  from  the  banks  of  the  yoe  at  this 

North  side  South  side 

of  bay.  of  bay. 

and  schist  (underlying  rock). ...  53  per  cent.  60  per  cent, 

tine  (from  east  side  of  watershed)  32        „  22        „ 

^        ^  M  fj  9f  ^^  if  "  f» 

schist  ,i  „  „.  1  „  3  „ 

uartz   2  „  3  „ 

e  (from  Lambaness)    1  „  2  „ 

xanite , 1  „ 

100  100 . 

II  the  sections  south  of  CoUaster,  towards  Wick  Bay,  fragments 
tontine  and  gabbro  are  inyariably  present  in  this  deposit, 
rcr,  it  is  important  to  note  that  the  rdatiye  distribution 

gabbro  and  serpentine  stones  in  the  Boulder-day  between 
ocalities  is  in  direct  proportion  to  the  respective  areas  occupied 
se  rocks  on  the  east  side  of  the  watershed.  The  following  are 
^portions  in  the  Boulder-day  sections  at  three  localities : — 

Serpentine.  Gabbro. 

side  of  CoUaster  Voe 32  per  cent.  11  per  cent 

nNess 21         „  22 

Bay 22        „  26        „ 

I  relative  distribution  of  the  stones  is  not  a  mere  aoddent ; 
;lance  at  the  map  will  show  that  to  the  E.  and  E.N.E.  of  Col- 
the  serpentine  occupies  a  much  greater  breadth  of  ground  than 
ibbro,  while  to  the  east  of  Wick  Bay  the  conditions  are 
3d.    Such  a  direct  relationship  is  inexplicable  on  the  hypo* 
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thesis  that  the  primary  gladation  of  the  island  was  dae  to  floatiii^ 
ioe. 

If  we  trayene  the  southern  shore  firom  Mmiess  Castle  to  Bdmont, 
similar  evidence  is  obtained  from  the  Bonlder-claj  regarding  the  iee- 
carry.  Again,  in  the  north  part  of  the  island,  in  the  lee  of  Saxavord 
hill,  this  deposit  occurs  on  the  east  bank  of  Burra  fiord,  about 
300  feet  above  the  sea-level,  where  it  reaches  50*  feet  in  depth. 
The  material  is  mainly  derived  from  the  talc-schist  and  quartzose 
bands  which  constitute  the  hill ;  but  a  considerable  proportion  of 
the  stones  likewise  consist  of  the  peculiar  granite  of  Lambaness. 
Now  it  must  be  borne  in  mind  that,  ere  these  granite-fragmenu 
could  have  reached  this  position  along  the  path-line  indicated  by  the 
strisd,  they  must  have  been  transported  in  the  moraine  profondt 
across  the  shoulder  of  Sazavord  hill,  where  it  attains  a  hei^t  of 
800  feet ;  whereas  none  of  the  Lambaness  granite  occurs  in  situ  at 
a  greater  height  than  150  feet. 

On  the  west  coast  of  Fetlar,  blocks  of  gabbro  and  serpentine,  de- 
rived from  the  centre  of  the  islsuid,  occur  in  the  Boulder-clay  north 
and  south  of  Burgh  Hall;  while  striated  fragments  of  the  same 
rocks,  from  Unst,  are  found  in  this  deposit  on  the  north-eaat  coast 
of  Yell.  We  likewise  observed  smoothed  fragments  of  gabbro  from 
Fetlar  in  this  deposit  on  the  east  coast,  between  Mid  Tdl  and  Basta 
Voe. 

A  traverse  across  the  district  of  Northmavine,  in  the  Mainland, 
from  OUaberry  on  the  east  coast,  by  Hillswick,  Braewick,  Tanwick, 
to  the  Grind  of  the  Navir,  fumi^es  admirable  opportunities  for 
examining  the  distribution  of  ike  stones  in  the  Boulder-day.  A 
glance  at  the  map  will  show  the  variety  of  rock-formations  which 
occur  along  this  Hne ;  and  the  marked  lithological  characters  of  the 
rocks  fortunately  prevent  any  possibility  of  mistaking  them.  It  is 
particiQarly  observable  that  the  till  partakes  of  the  physical  character 
of  the  rock-formation  on  which  it  reets,  though  there  is  also  a  per- 
centage of  foreign  stones  derived  from  localities  which  lay  in  the 
path  of  the  ice-sheet.  The  distribution  of  the  stones  in  the  Boulder- 
clay  along  this  line  of  section  places  beyond  all  doubt  that  the  ioe- 
sheet,  as  it  impinged  on  the  Mainland,  moved  in  a  WJ3.W.  directioD, 
and  as  it  left  the  Mainland  it  veered  round  towards  the  N.W.  and 
N.N.W. 

The  sections  in  the  neighbourhood  of  OUaberry,  and  along  the 
road  to  the  Pondswater  loch,  show  that  the  Boulder-day  is  made  up 
of  the  underlying  gneissose  and  schistose  rocks.  The  deposit  oonsiets 
.  of  a  stiff  stony  clay,  containing  fragments  of  schists,  gneiea,  and 
quartz  rock.  None  of  the  fragments  of  the  diorite,  nor  any  of  the 
lavas  and  ashes  along  the  western  shores,  occur  in  the  Boulder-day. 
But  when  the  diorite  area  is  reached,  the  schists  and  gneiss  to  the 
east  are  represented  in  smaU  patches  of  the  deposit  lying  in  hcdiowi 
between  the  roches  moittonnSes,  Beyond  the  diorite-area  again,  in 
the  lee  of  the  ridge  of  the  metamorphic  rocks  of  Hillswick,  one  of 
the  finest  Boulder-day  sections  to  be  found  in  the  Mainland  oomn. 
-This  section,  which  is  upwards  of  100  feet  in  d^th,  rests  on  grey 
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nuoaoeoQs  schists,  with  bands  of  quartz-rock,  which  are  much  broken 
up  immediately  nndemeath  the  Boulder-clay.  These  rocks  are 
intersected  by  dykes  of  pink  qoarte-felsite,  which  are  well  seen  on 
the  beach  at  the  base  of  the  cliff.  The  deposit  is  very  tough  and 
clayey,  and  quite  homogeneous  from  the  top  to  the  bottom  of  the 
section ;  it  is  likewise  quite  unstratified,  the  stones  being  scattered 
through  the  clayey  matrix  in  an  irregular  manner.  The  lower  part 
of  the  section  is  mainly  made  up  of  the  underlying  rocks ;  but  about 
halfway  up  the  section,  a  percentage  of  stones  was  taken  which 
yielded  the  following  results : — 

Diorite  (in  fUu  to  the  east  of  section)  . .  71  per  cent. 
Felsite  and  homblendic  porphyry    ....  17        » 

Vein  granite 6        „ 

Vein  orthodase  felspar 4        „ 

Syenite ^ 1        „ 

Serpentine 1        i> 

100 

It  may  seem  strange  that  none  of  the  underlying  schists  are 
irepresented  in  the  above  percentage ;  but  it  so  happened  that  the 
stones  we  selected  high  up  in  the  section  averaged  about  4  inches 
across.  In  another  percentage  of  stones  measuring  about  2  inches 
across,  the  underlying  schists  number  about  15  per  cent.  The 
prominent  ingredient  in  this  section  is  the  diorite,  which  occurs  to 
the  east  of  ffillswick ;  but  it  ought  to  be  remembered  that  not  a 
single  fragment  of  the  lavas  and  ashes  to  the  west  are  to  be  found 
in  this  deposit. 

About  two  miles  to  the  west  of  the  foregoing  locality,  in  the 
north-east  comer  of  Braewick  Bay,  a  section  of  Boulder-day, 
about  12  feet  high,  is  exposed  resting  on  the  intrusive  quartz-fekite, 
oontaining  diorite,  schist,  and  felsite  stones ;  while  still  further  west, 
within  the  limits  of  the  contemporaneous  volcanic  rocks,  sections  of 
Boulder-day  occur  in  the  bays  of  Tanwick  and  Stennis,  the  induded 
stones  being  doll  purplish  porphyrite,  blocks  of  tuff,  quartz-felsite, 
schist,  and  diorite.  Further,  along  the  storm-swept  cliffs  of  the 
Grind  of  the  Navir,  a  thin  deposit  is  traceable  containing  the  same 
ingredients  as  at  the  localities  last  mentioned.  The  diorite  stones, 
however,  are  comparatively  rare  at  the  Qrind  of  the  Navir ;  in  fact 
they  gradually  dimin'i^h  in  number  in  proportion  to  the  distance  from 
their  parent  source ;  and  the  very  same  remark  applies  to  the  other 
ingredients. 

We  traversed  the  south  bank  of  Boeness  Voe  from  the  head  of  the 
sea-loch  to  Ockren  Head,  where  similar  phenomena  were  observed, 
viz.  the  invasion  of  the  quartz-felsite  area  by  the  diorite  stones,  and 
the  invasion  of  the  area  occupied  by  the  porphyrites  by  the  diorite 
and  quartz-felsite  stones.  Indeed  the  evidence  obtained  along  these 
lines  of  section  completely  refutes  the  theory  that  these  north- 
westerly striae  could  have  been  produced  by  ice  coming  from  the 
Korth  Atlantic 

Another  traverse;  from  Vidlon  Voe  westwards  by  Swining  Voe 
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and  across  the  high  grounds  to  North  Brao,  indioates  In  an  unmis- 
takable manner  the  direction  of  tho  ice-moTement  during  tfa* 
primary  glaciation.  In  passing  out  of  the  Yidlon  valley,  aflroas 
the  watershed  into  Swining  Voe,  the  eye  readily  fixes  on  a  rocky 
ridge  or,  rather,  a  series  of  semi-detached  roeKe$  mtmikmmie^  which 
present  their  bare  slopes  to  Yidlon  Voe,  in  the  lee  of  which  lie  wdl* 
marked  '* drums"  of  Boulder-day,  whose  long  axes  coincide  in 
direction  with  the  trend  of  the  stri».  This  deposit  coTers  the 
whole  of  the  gentle  peat-covered  slope  which  forms  the  eaatefn 
boundary  of  Swining  Yoe ;  and  it  contains  numerous  fragments  of 
a  band  of  nodular  gneiss,  which  crosses  Lunnasting  in  a  north-and- 
south  direction  about  midway  between  Lunna  and  Lunna  Nesa. 

But,  further,  the  Boulder-day  in  both  the  valleys  draining  into 
Swining  Yoe  consists  of  a  tough  tenacious  day,  full  of  striated 
stonesy  derived  mainly  from  the  underlying  schists,  qnartzites,  and 
dark  homblendic  rocks ;  and  associated  witii  these  are  fragments  of 
the  coarse  gneiss  of  the  promontory  of  Lunna  and  the  nodular  band 
already  referred  to. 

Now  it  is  interesting  to  note  that  both  in  the  Yidlon  and  Swining 
Yoes,  which  lay  across  the  path  of  the  ioe-aheet,  the  Bonlder-olay  is 
found  to  have  the  greatest  development  on  the  eastern  shoree ;  i^ik 
the  western  dopes,  which  were  ezpoeed  to  the  full  sweep  of  the 
abrading  agent,  are  Andy  mouionnU$  and  striated,  and  weU-ni^ 
destitute  of  drift.  But  if  we  take  the  adjoining  Golafirtii  and  Daks 
Yoes,  which  coindde  very  nearly  with  the  direction  of  the  ioe- 
markings  of  the  primary  gladation,  we  find  well-mariced  Bonldef^ 
day  slopes  on  both  sides  of  the  sea-loch,  indicating  that  the  depoeil 
was  distributed  more  or  less  equally  along  the  bottom  and  ndea  of 
the  valley. 

These  features  remind  one  veiy  much  of  the  familiar  temeea  of 
Boulder-day  in  the  high-lying  valleys  in  the  sonth  of  Soolliaidi 
while  the  deposit  itsdf  is  in  all  respects  identical  with  the  ordinaiy 
Scotch  till.  Indeed,  whether  we  oonsider  the  resemblanoe  in  tbs 
mode  of  occurrence,  or  the  character  of  the  depodts  in  BooUand  and 
the  Shetland  Ides,  we  cannot  resist  the  condudon  that  both  have 
a  similar  origin. 

But  oven  in  the  Dales  and  Colafiith  Yoes  it  would  seem  that  the 
depodt  steals  further  up  the  dopes,  and  attains  a  greater  thickneei 
on  the  north  than  on  tiie  south  banks — a  {^enomenon  which  nay 
be  accoimted  for  by  the  suppodtion  that  the  ice,  as  it  moved  iqp  the 
sea-lochs,  had  a  greater  erodve  effect  on  the  one  seabank  than  the 
other.  This  supposition  is  confirmed  by  a  ^anoe  at  the  stri»->Bap, 
which  shows  that  the  markings  are  not  quite  cdnddent  with  the 
banks  of  the  voes,  but  cross  the  southern  shores  at  a  gentie  an^e^ 

After  crosdng  the  Leas  of  Bed  and  dosomding  the  valley  between 
the  Duddon  and  Gallows  hills  towards  Busta  Yoe,  the  bonndary-^ns 
of  the  diorite  is  again  crossed,  when  fragments  of  this  rod^  are  fonni 
abundantly  both  in  the  mordnes  and  the  underlying  BonMer-d^. 
Not  a  single  block  of  this  rock,  however,  is  to  bo  met  with  oft  ths 
surface  or  in  the  drifts  to  the  east  of  the  boundaiy-^e. 
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In  the  district  iv^iioh  stretches  from  Wcesdale  westwards  to  Walls, 
and  thence  to  Melby,  the  Bonlder-clay  sections  furnish  corroborative 
evidence  of  the  north-westerly  movement  of  the  ice  in  that  region. 
In  the  vales  of  Tingwall  and  Weesdale  there  is  no  trace  of  the 
altered  Old-Eed-Sandstone  rooks  which  occupy  the  peninsular  tract 
of  country  to  the  west.  But  as  soon  as  the  line  of  the  great  fault  is 
crossed,  which  bounds  these  strata  between  Aith  Ness  and  Selie 
Toe,  abundant  fragments  of  the  gneissose  rocks  of  Weesdale  and 
adjoining  tracts,  as  well  as  blocks  of  the  porphyritic  granite,  are 
found  in  the  Boulder-clay  resting  on  the  altered  Old-Eed  rocks. 

Again,  in  the  sections  round  the  coast-line  in  the  neighbourhood 
of  Melby,  the  fragments  in  the  subglacial  deposit  entirely  consist  of 
the  underlying  sandstones  and  the  red  quartzites  and  shales  of 
Sandness  Hill,  along  with  some  pink  quartz-felsites ;  but  none  of 
the  purplish  porphyrit-es  which  occur  in  Papa  Stour  are  represented 
in  these  sections.  Had  the  movement  been  frtm.  the  north-west, 
then  assuredly  some  fragments  of  the  porphyrites  would  have  been 
met  with  round  Melby.  Instead  of  this  being  the  case,  however^ 
the  Boulder-clay  of  Papa  Stour  contains  numerous  fragments  of  the 
altered  Old-Bed-Sandstone  rocks  from  the  Mainland. 

Another  traverse  across  the  island,  firom  Gulberwick  to  West 
Qnar£f,  reveals  phenomena  no  less  remarkable.  On  the  slopes  of  the 
hiUs  above  Gulberwick,  fragments  of  the  red  flags  of  Brenista  and 
grits  are  met  with ;  and  they  also  ooour  in  some  patches  of  Boulder- 
day  near  the  head  of  the  bum  draining  into  the  bay  at  East  Quar£^ 
On  the  west  side  of  tihe  watershed  the  Sandybanks  bum  is  reached^ 
^hich  flows  i|ito  Cliff  Bound  about  a  mile  and  a  half  to  the  north  of 
West  Quarff.  In  this  hollow  there  is  a  deep  covering  of  Boulder- 
day,  attaining  a  thickness  near  the  farmhouse  of  20  feet.  Following 
this  bum  to  its  source,  the  deposit  is  found  to  consist  of  tough 
tenacious  clay,  with  well-scratched  stones,  many  of  which  consist  of 
grit,  red  sandy  flags,  and  shales  of  Old-Eed-Sandstone  age,  associated 
-with  grey  sdiists  derived  from  the  underlying  rock.  But  further 
along  the  western  seaboard,  between  the  mouths  of  Sandybanks  bum 
and  West  Quarff,  similar  phenomena  are  observable.  Where  this 
stream  enters  the  sea,  large  blocks  of  the  Lerwick  sandstones  and 
-well-rounded  conglomerates,  measuring  2  feet  across,  were  met 
with  both  in  the  Boulder-clay  and  on  the  surface.  A  hundred 
yards  to  the  south  of  this  locality  fragments  of  the  Brenista  flags 
appeared,  and  became  more  numerous  as  we  followed  the  coast-line 
southwards.  Not  far  from  West  Quarff  blocks  of  the  basement 
breccia  were  met  with,  associated  with  fragments  of  the  Brenista 
Hags  and  Eovey-Head  conglomerates,  in  the  thin  coating  of 
Bodder-day  on  tlie  slope  and  on  the  shore. 

We  have  already  indicated  the  relative  areas  occupied  by  these 
subdivisions  of  the  Old-Eed-Sandstone  rocks  between  Rovey  Head 
and  East  Quarff,  for  the  special  purpose  of  showing  the  analogous 
distribution  of  the  stones  in  the  Boulder-day  on  the  western 
seaboard. 

On  referring  to  tbe  map  it  will  be  seen  that  the  members  of  tho 
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Old-Eed-Sandstone  occupy  the  strip  of  low  groand  from  LerenwidE 
soafchwards  by  Loch  Spiggie  to  Queadale  bay.  Now  from  Channer- 
wick  southwards  along  the  hill-tops  to  the  Wart  of  Skewsboi]^ 
(854  feet),  smoothed  blocks  of  the  red  flags,  yarying  from  2  inches  to 
a  foot  across,  are  to  be  found  in  those  places  where  the  peat  has 
been  worn  away.  These  blocks  are  readily  detected  on  the  top  of 
Skewsburgh  hill,  in  spite  of  their  being  bleached  by  the  peat. 

Further,  if  we  cross  from  Channerwick  to  the  west  coast,  and 
traverse  the  coast-line  from  May  wick  to  Loch  Spigi^e,  numerous 
blocks  derived  from  these  areas  are  likewise  met  with«  In  the 
hollow  which  runs  south  from  Maywick  to  Bigton,  striated  blocks 
from  the  red  flags  are  strewn  on  the  eastern  slope  oyerlooldng  the 
valley,  the  largest  of  which  have  been  used  as  building-material  by 
the  villagers  of  Maywick.  Again,  on  the  hill-slope  about  a  mik 
east  from  Bigton,  blocks  of  flaggy  sandstone  are  very  numerous ;  and 
they  likewise  occur  very  abundajitly  in  the  Boulder-day  on  tibe  t(^ 
of  this  hiU.  On  both  sides  of  Bigton  Bay,  the  sections  of  Boulda* 
day  contain  numerous  fragments  of  red  flags,  though  the  majc»ity 
of  the  stones  are  made  up  of  the  underlying  schists.  Gloae  to  the 
point  where  the  sand-bar  joins  the  island  of  St.  Ninians  to  the 
Mainland,  a  similar  admixture  of  stones,  derived  from  the  red  flags 
on  the  east  side  of  the  island,  is  to  be  seen  in  the  Boulder-day 
underneath  the  blown  sand.  And  so,  too,  southwards  towards  Loch 
Spiggie,  wherever  patches  of  Boulder-day  have  escaped  denudat>oii« 
the  same  phenomena  are  observable. 

Again,  on  the  dope  of  Fitful  Head,  at  a  height  of  800  fret 
by  aneroid  measurement,  there  are  small  patches  of  t^  deposit^  in 
which  we  observed  smoothed  stones  of  syenite  and  coaree  grits  in 
situ  to  the  east ;  while  on  the  hill-top  (929  feet)  blocks  of  syenite 
were  noted,  which  must  have  been  carried  up  the  dope.  Hiese  facts 
unquestionably  point  to  the  same  westerly  flow  of  the  ice ;  but  at 
the  base  of  the  slope,  along  the  margin  of  the  syenite  area,  there  is 
an  excellent  section  of  morainic  stony  day,  in  which  blocks  of 
schist,  syenite,  and  Old-Bed  grits  are  commingled.  This  deposit  is 
evidently  the  product  of  a  later  gladation,  when  the  Fitful  Head 
shed  its  own  glader,  and  when  the  detritus  which  had  accumulated 
on  the  dope  during  the  primary  glaciation  was  rolled  downwards  to 
the  low  ground  at  the  foot  of  the  hill. 

From  the  evidence  now  adduced  it  cannot  be  doubted  that,  during 
tho  primary  glaciation,  the  great  mer  de  glace  crossed  the  Mainland 
frx)m  the  North  Sea  to  the  Atlantic.  We  might  have  multiplied  tlM 
evidence  considerably  by  referring  to  the  Boulder-day  diitriboted 
over  the  other  islands ;  but  we  have  confined  our  observatioDf 
to  those  lines  of  section  where  there  is  the  greatest  variety  of  rode* 
formations,  in  order  to  show  both  the  strength  and  harmony  of  the 
evidence.  Ere  leaving  this  division  of  the  subject,  we  ought  to 
state  that,  though  we  carefully  searched  the  numerous  sections  of 
Boulder-clay  in  the  diflerent  islands,  we  found  no  traces  of  aheUs  is 
the  deposit. 

There  are  certain  phenomena  still  to  be  disoussedy  which  »H^i*M^ 
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gradual  retreat  of  the  great  ice-sheet  when  this  northern  arohi- 

0  was  no  longer  influenced  by  the  ice-sheets  of  adjoining 
ries,  bnt  nourished  a  series  of  local  glaciers  which  deposited 
moraines  as  they  shrank  back  into  the  hills. 

.  MoEinac  Dbposits  bblonoino  to  the  Latbk  Glaciatiok. 

referring  to  the  striee-map^  it  will  be  seen  that  numerous 
ices  occur  along  the  east  coast  of  the  Mainland,  from  Lerwick 
nrossness,  running  in  a  S.8.E.,  8.E.,  and  E.S.E.  direction,  the 
being  affected  by  certain  local  influences.  Now,  along  this 
there  is  an  irregular  covering  of  a  loose  morainic  deposit,  passing 
n  ordinary  Boulder-clay,  resting  on  the  areas  of  the  Old  Bed 
tone,  and  containing  fragments  of  the  schists  from  the  Cliff 
along  with  the  stones  derived  from  the  underlying  formation, 
sections  are  exposed  on  the  shore  between  Lerwick  and  Kovey 
in  the  Clickamin  bay,  Wick  Sound,  Gulberwick  Bay,  and  in 
[d-Bed-Sandstone  areas  from  Sandlodgo  to  Boddom.    After  a 

1  examination  of  these  sections,  we  felt  convinced  that 
tnall  fragments  of  blue  and  grey  schists  occurring  in  the 
er-day  and  morainic  matter  have  been  derived  from  the  hills 

extend  from  the  Wart  of  Skewsburgh  northwards  by  Scallo« 
0  Dales  Yoe.  It  has  been  already  shown  that  these  schists 
ay-slates  form  the  highest  ground  between  Dunrossness  and 
Yoe  north  of  Lerwick ;  and  the  occurrence  of  fragments  of 
rocks  in  the  drift  along  the  eastern  seaboard  points  merely  to  a 
'adiation  of  the  ice,  after  the  great  mer  de  glace  that  overflowed 
nd  had  melted  back  and  was  no  longer  confluent  with  the 
glaciers  that  lingered  on  during  the  later  glaciation. 
t  this  is  the  explanation  of  the  foregoing  phenomena  seems 
tore  likely  when  we  examine  the  eastern  sea-board  of  North- 
e  between  Coliflrth  Voe  and  Fethaland  Point.  At  certain 
ies,  in  the  narrow  strip  occupied  by  the  metamorphic  rocks, 
imd  similar  deposits  mainly  made  up  of  the  debris  of  the 
j-ing  rocks,  but  likewise  containing  stones  derived  from  the 
ss  plateau.  These  sections  occur  on  the  north  bank  of  Coli* 
Toe  in  the  North-Eooe  bay ;  and  again  round  the  Fethaland 
;-8tation  and  in  the  Sand  Voe.  Now  from  Coliflrth  Ness 
v^ards  to  Calsta  extends  a  well-marked  ridge  parallel  with  the 
range,  against  which  the  local  glaciers  abutted,  which  were 
rom  the  Boeness  plateau.  A  similar  ridge  runs  from  North- 
Bay  to  Fethaland^  culminating  in  the  Lanchestock  hill  (416 

These  ridges  deflected  the  later  glaciers,  and  caused  them 
re  southwards  into  Coliflrth  Yoe,  and  northwards  into  North- 
Bay  and  Sand  Voe.  Here  and  there,  however,  where  the  ice 
lave  been  heaped  up,  it  streamed  across  the  lower  portions  of 
Ige  flanking  the  sea.  From  the  conflguration  of  the  ground 
pparent  that  the  Boeness  plateau  must  have  shed  its  largest 
-  in  the  direction  of  North  Booe.  Hence  it  follows  that  only 
ain  localities  reached  by  the  local  glaciers  are  fr'agments  of 
lartz-porphyry  to  the  west  associated  with  the  schists  in  the 
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drifts.  The  same  remarks  are  applicable  to  tiie  erratiea  of  ptnk 
granite  and  qnartz-febite  scattered  over  the  snr&ce  between  Fetha- 
land  and  CoHfirth  Yoe. 

These  accumnlations  were  in  all  probability  ex^nded  at  ilie 
snouts  of  the  local  glaciers  when  the  great  mer  de  glaee  had  melted 
away  from  the  immediate  vicinity  of  Shetland.  This  is  rendered 
all  the  more  likely  from  the  number  of  striated  stones  in  the  d^xidt, 
and  its  tolerably  coherent  nature,  differing  somewhat  from  the  loose 
debris  of  the  ordinary  surface-moraines.  But,  in  addition  to  theet 
later  deposits,  there  is  abundant  evidence  to  show  that  when  tiie  hilL 
tops  had  emerged  from  the  icy  covering  whidi  so  long  held  sway 
during  the  primary  glaciation,  the  severe  frosts  which  prevailat 
caused  an  accumulation  of  blocks  and  rubbish  on  the  surfiaoe  of  the 
attenuated  glaciers.  In  course  of  time,  as  the  glaciers  melted  beck, 
loose  heaps  of  rubbish  were  laid  down,  sometimes  as  isolated 
mounds,  but  fluently  in  concentric  lines  indicating  pauses  in  the 
retreat. 

As  might  be  expected  from  the  size  of  the  valleys  and  the  limited 
elevation  of  the  hills,  the  moraines  are  not  large;  but  tihey  are 
nevertheless  very  abundant;  indeed  there  are  few  of  the  im- 
portant valleys  draining  a  mass  of  high  ground  which  do  not  contain 
well-marked  groups.  They  consist  of  loose  d^ris  with  angular  and 
subangular  stones ;  and  in  some  esses  the  deposit  is  merely  an  as- 
semblage of  small  stones  without  any  matrix.  Numerous  examples 
occur,  however,  where  the  heaps  show  distinct  traces  of  stratafioa- 
tion  and  the  stones  are  somewhat  waterwom. 

In  a  small  vslley  about  two  miles  in  length,  draining  the  east 
side  of  the  Bonxie  hills  and  flowing  into  the  bay  below  Ckumings- 
burgh,  a  flue  series  of  moraine  heaps  occurs,  displaying  the  usual 
concentric  arrangement.  They  vary  in  length  from  6  to  10  feet; 
and  numerous  blocs  j^erehis  of  the  Bonxie-hill  sdiists  rest  on  the 
mounds. 

In  the  district  of  Belting,  moraines  are  to  be  found  in  the  main 
valleys  and  round  the  heads  of  the  larger  sea-lochs,  as  for  instance 
the  Dales,  Colifirth  and  Swining  Yoes  on  the  east  coast,  and  near 
Yoe,  North  Brae,  and  Yoxter  on  the  west  coast.  And  so  also  on 
the  banks  of  Yid^on  and  Dourye  Yoes  in  Lunnasting,  similar  de- 
posits are  seen  resting  on  the  Boulder-clay.  We  frequently  obserred 
that  the  moraines  became  more  numerous  where  two  or  more 
valleys  converge  at  the  head  of  a  sea-loch,  vdiich  is  just  what  might 
be  expected  when  the  tributary  glaciers  must  have  coalesced  at 
this  point.  At  the  head  of  Bwining  Yoe  two  streams  join  the  sea ; 
and  at  the  point  where  the  valleys  converge  a  well-mailed  series  of 
concentric  mounds  is  met  with.  The  dividing  ridge  is  strewn  all 
over  with  innumerable  moraines,  doubtless  the  lateral  moraines  of 
both  glaciers ;  and  in  the  various  bum-sections  the  morainic  drift 
is  found  to  rest  on  the  Boulder-clay.  The  evidence  derived  from  the 
disposition  of  these  mounds  shows  clearly  that  at  the  time  they  were 
deposited  the  glaciers  did  not  fill  the  valleys  to  any  great  extent, 
neither  did  the  trunk  glacier  extend  very  far  down  the  voe. 
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dio  seareii^  of  atriie  produced  by  the  later  glaciers  in  the  district 
Delting,  when  compared  with  their  great  abundance  on  the  east- 
seaboard,  near  Lerwick,  is  desermg  of  note ;  but  their  absence 
loubtleas  due  to  the  fact  that  the  glaciers  slipped  forward  over  a 
*aoe  of  Boolder-day  which  effeetoally  buried  the  underlying 

IS. 

Lbnndant  moraine  heaps  with  enclosed  tarns  and  innumerable 
»  perchit  were  also  observed  between  CoMrth  and  Sand  Yoes, 
in  the  valleys  draining  into  Roeness  Yoe,  and  likewise  in  the 
ricts  of  Weeadale  and  Sandness. 

lie  islands  of  Unst,  Yell,  Whalsey,  and  Bressay  nourished  a 
ilor  series  of  local  glaciers,  as  is  evident  from  the  moraines  now 
wn  on  their  slopes.  In  the  morainic  deposit  found  on  the  north- 
tern  shore  of  Bressay,  near  Heogan,  while  the  great  majority 
he  stones  consist  of  grits  and  liver-coloured  quartz  rooks  belong- 
to  the  Old  Bed  Sandstone,  there  is  also  a  considerable  number 
posed  of  grey  schist^,  which  we  identified  as  belonging  to  the 
s  round  the  head  of  Dales  Yoe  in  the  Mainland.  This  deposit 
mbles  in  every  respect  the  sections  occurring  in  the  opposite  side 
>he  Sound  near  Grimmcster,  and  again  in  the  bays  between 
nrick  and  Brenista.  It  is  dear  ^erefore  that  this  deposit 
lU  to  the  advance  of  the  local  glaciers  of  the  Mainland ;  they 
t  have  been  powerful  enough  to  cross  the  northern  portion  of 
Sound,  and  to  override  the  north-western  part  of  Bressay.  We 
ohed  carefully  for  traces  of  this  more  recent  deposit  in  other 
3  of  Bressay,  but  failed  to  discover  them.  The  evidence  in  proof 
le  existence  of  local  glaciers  in  the  neighbourhood  of  the  Wart 
be  south  end  of  the  island  seems  to  indicate  that  their  further 
ince  woiQd  be  checked  on  this  account.  We  may  well  believe, 
efore,  that  as  the  local  glaciers  of  the  Mainland  streamed  into 
Sound,  they  were  met  by  the  small  sheets  of  ice  shed  from  the 
-t,  and  thence  moved  southwards  along  the  path  of  least  resist- 

YI.  Ebbatigs. 

rom  an  examination  of  the  numerous  boulders  scattered  over 
Mainland  and  the  other  islands,  it  is  evident  that  their  disper- 

belongs  to  two  distinct  periods  of  glaciation.  We  saw  none 
)h  cannot  be  satisfactorily  accounted  for  by  tbo  double  system 
iaciation  already  established,  without  invoking  the  aid  of  coast- 
►r  icebergs. 

long  the  slopes  of  the  Yallafidd  ridge  in  Unst  we  observed  nu- 
>iis  blocks  of  serpentine,  some  of  them  measuring  5  feet  across, 
)h  were  dispersed  during  the  primary  glaciation.     In  the  Moin- 

they  occur  in  dozens  on  the  rocky  plateau  of  Eoeness,  on  the 
lie  area  north  of  Mavis  Grind,  and  on  the  rocky  headlands  of 
uasting. 

1  the  valleys  draining  the  eastern  slopes  of  the  lioeness  plateau, 
in  the  low  hills  between  Colifirth  Yoe  and  Fethaland,  blocks  of 
:  quartz-fdsite  are  strewn,  sometimes  on  the  moraine  heaps,  on 
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rocha  mouUmnSes,  or  on  the  drift-slopes^  all  of  which  were  distri- 
buted by  the  later  glaciers. 

Again,  boiQders  of  the  Northmavine  diorite  are  scattered  otct  the 
low  ground  between  Hillswick  and  the  Grind  of  the  Navir,  whik 
blocks  of  metamorphie  rocks  were  carried  by  ike  great  nur  de  gieux 
and  the  later  glaciers  from  the  Leas  of  Deal  and  the  sorronndiDg 
heists  onto  the  diorite  area  of  Busta  Yoe.  The  peculiar  hand  of 
nodnlar  gneiss  on  the  promontoiy  of  Lnnna  has  supplied  bonlden 
which  can  be  followed  westwards  towards  the  head  of  Swining  Voc, 
and  the  ridge  overlooking  Dourye  Voe,  in  hannony  with  the  pri- 
mary ice-morement. 

West  of  Weesdale,  blocks  of  the  porphyritic  granite  in  Bixetter 
Yoe,  as  well  as  boulders  of  gneissose  rocks  from  the  Weesdale  hills, 
are  strewn  over  the  area  occupied  by  the  altered  Old-Red-Sandstoae 
rocks;  while  boulders  of  the  8andness-hill  quartzites  have  bee& 
borne  seawards  to  Melby. 

Perhaps  the  most  interesting  series  of  eicratics  occurs  on  the  ridge 
of  high  ground  which  extends  from  S(»lloway  to  the  Wart  of 
Bkewsburgh,  where  small  blocks  of  the  Brenista  flags  and  the  Ler- 
wick Sandstones,  varying  from  a  few  inches  to  a  foot  across,  are 
exposed  in  places  where  tibe  peat  has  been  worn  away.  These  have 
been  carried  from  lower  to  higher  levels  ;  indeed  they  have  been 
carried  to  the  tops  of  the  highest  hOls  along  this  tract.  We  have 
already  incidentally  referred  to  this  remarkable  fact,  and  to  the 
occurrence  of  similar  blocks  in  the  Boulder-clay  on  the  west  coast, 
and  as  erratics  on  the  slopes  of  the  hills.  Those  whidi  are  found 
on  the  western  sea-board  are  much  larger  than  those  on  the  hill* 
tops,  as  they  sometimes  measure  3  feet  across ;  many  of  them  still 
show  ice-markings.  We  believe  that  their  occurrence  in  the  drifts 
on  the  west  coast  and  as  erratics  on  the  hill-tops  is  due  to  the  same 
cause,  viz.  to  the  westerly  movement  of  the  great  mer  de  glace^  which 
was  powerful  enough  to  override  the  water^cd. 

VI  r.  Freshwateb  Lochs  and  Vobb. 

The  freshwater  lochs  abound  chiefly  in  the  Mainland ;  and  in 
certain  districts  they  occur  in  great  numbers.  They  are  due  either 
to  the  irregular  deposition  of  the  Boulder-day  or  moraine-matter,  to 
hollows  in  the  peat,  or  to  rock-basins  which  have  been  eroded  bj  the 
ice.  Indeed  they  are  so  sbundant  in  some  of  the  rocky  districts 
as  to  recall  portions  of  the  north-west  of  Sutherlandshire.  At 
present  we  are  only  concerned  with  those  which  occupy  rock-boDud 
hollows,  and  which  are  the  result  of  glacial  erosion. 

These  occur  most  abundantly  on  the  rocky  plateau  of  Roenessy  in 
the  diorite-area  of  Northmavine,  on  the  rodky  headlands  north  and 
south  of  Yidlon  Yoe,  and  in  the  district  of  Walls.  In  each  of  these 
localities  the  sheets  of  water^  with  certain  exceptions,  fill  eroded 
hollows  in  the  rocks ;  and,  from  the  manner  in  which  their  rocky 
margins  are  grooved  and  polished,  from  the  freshness  of  the  rod^m 
mouionnies  which  encircle  them,  there  can  be  little  doubt  they  have 
been  eroded  by  the  ice  during  the  general  glaciation.    Prom  one  of 
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the  hills  north  of  Magnuseiter  Yoe,  in  Northmavine,  we  counted 
about  twenty  small  lochs  in  the  heart  of  the  diorite-area. 

On  the  promontory  of  Lunnasting  they  likewise  occur  in  great 
numbers,  yarying  in  size  from  basin-shaped  hollows  to  lochs  more 
than  a  mile  in  length.  Their  long  axes  coincide  with  the  strike  of 
the  underlying  gneiss ;  but,  owing  to  the  soooping-agent  having 
crossed  the  lines  of  stratification  nearly  at  right  angles,  their  out- 
lines are  very  irregular.  Similar  strike-basins  are  to  be  found  on 
the  promontory  between  Vidlon  and  Dourye  Voes ;  and  from  the 
manner  in  which  they  are  hemmed  in  by  roehes  moutonnSes  on  every 
Bide,  it  b  impossible  to  resist  the  conclusion  that  they  are  due  to 
ice-action.  The  lochs  now  referred  to  must  have  originated  during 
the  primary  glaciation,  because  there  is  no  evidence  that  the  later 
glaciers  ever  overflowed  the  headlands  of  Lunnasting. 

The  voes  or  sea-lochs  are  among  the  most  interesting  features  of 
the  Shetland  Isles ;  and  the  question  of  their  origin  is  not  free  from 
difficulty.  Flowing,  as  they  do,  for  miles  into  the  heart  of  the  country, 
it  sometimes  happens  that  only  a  narrow  isthmus  is  left  to  prevent 
the  waters  of  opposite  shores  from  uniting.  Yell  is  nearly  bisected 
by  the  Whalefirth  and  Reafirth  Voes ;  and  a  submergence  of  a  few 
feet  would  separate  Northmavine  from  the  Mainland,  and  allow  the 
-waters  of  Sulem  Yoe  to  flow  westward  into  St.  Magnus  Bay. 
Sometimes  the  voes  are  flanked  by  gentle  slopes  of  Boulder-clay,  as 
-we  have  frequently  indicated ;  at  other  times  they  are  bounded  by 
steep  walls  of  rocks,  as  in  the  well-known  Eoeness  Yoe.  Many  of 
the  most  characteristic  sea-lochs  lie  along  the  line  of  strike  of  the 
xnetamorphic  rocks,  of  which  the  Weesdale,  Stromness,  Whiteness, 
Dales  and  Laxflrth  Yoes  may  be  cited  as  the  best  examples ;  but 
there  are  others  which  have  no  connexion  with  the  lines  of  stra- 
iaflcation.  As  a  rule,  they  are  found  to  merge  into  narrow  valleys 
draining  the  high  groundiES  the  width  of  the  voes  being  in  direct 
proportion  to  the  size  of  the  valleys.  This  relationship  would  seem 
to  indicate  that  these  narrow  fiords  are  submerged  land-valleys 
which  existed  long  before  glacial  times.  In  the  course  of  our  tra- 
verses in  Shetland,  we  heard  frequent  testimony  pointing  to  the 
conclusion  that  the  ridge-shaped  contour  which  is  so  prevalent  in 
the  Mainland,  Yell  and  Unst,  likewise  extends  along  the  sea-bottom ; 
and  it  is  highly  probable  that  it  is  due  to  the  same  cause  in  both 
cases.  If  this  be  true,  then  these  fjord-valleys  may  have  been 
carved  out  by  the  ordinary  agents  of  denudation  when  the  floor  of 
the  sea  which  now  surrounds  Shetland  formed  dry  land.  Both 
in  Scotland  and  along  the  east  coast  of  England  the  evidence  de- 
rived from  buried  river-channels  would  lead  us  to  believe  that  these 
countries  stood  at  a  higher  level  in  preglacial  times  than  they  do 
now ;  and  we  may  well  believe  that  Shetland  shared  in  the  same 
continental  conditions.  The  absence  of  shells  in  the  Boulder-day 
seems  to  strengthen  this  conclusion. 

At  any  rate  the  agents  of  denudation  would  be  guided  in  their 
operation  in  a  large  measure  by  the  strike  of  the  metamorphic 
rocks;  and  if  there  was  a  wide  area  of  land  round  what  now 
constitutes  the  Shetland  archipelago^  they  would  accomplish  greater 


Digitized  by 


Google 


results,  as  t^e  sue  of  the  rivers  would  be  in  pioportion  to  Uie  area 
of  drainage.  We  have  seen  also  that  some  of  the  voes  and  inland 
yaUeys  coincide  with  the  ontorops  of  bands  of  limestone,  the  ero- 
sion of  which  would  be  aided  by  chemical  agencies. 

There  can  be  no  doubt,  however,  that  the  sea-lochs  in  Shetland 
were  deepened  by  ice-action  during  the  primary  gladation ;  indeed 
numerous  instances  have  been  cited  in  this  paper  where  Uie  great 
itter  de  glau  took  advantage  of  the  existing  hollows  in  ^vnsiBg 
the  island,  This  produced,  in  certain  instances,  fjord-basijis^  i 
which  we  shall  adduce  two  examples.  The  soundings  given  in 
the  Admiralty  chart  show  that  Sulem  Yoe,  which  is  one  of  the 
largest  of  the  sea-lochs  in  the  Mainland,  measuring  upwards  of 
seven  miles  in  length,  varies  from  10  to  15  fathoms  in  depth 
between  Foula  Ness  and  the  mouth  of  Yoxter  Yoe.  Beyond 
the  latter  point,  however,  to  the  head  of  the  voe,  the  depth 
suddenly  increases  to  21  and  25  fathoms.  This  increase  of  60 
feet  in  depth  at  the  head  of  the  sea-loch  is  doubtless  due  to  the 
intense  sbrasion  caused  by  the  ice  as  it  impinged  on  the  rocky 
isthmus  of  Mavis  Grind.  We  have  already  pointed  out  how  dis- 
tinctly the  east  face  of  this  narrow  isthmus  has  been  polished  and 
striated ;  and  this  fjord-basin  helps  us  to  realize  still  better  the  «o- 
sive  power  of  this  agent.  Still  another  instance  occurs  in  Boeness 
Yoe ;  for  at  the  bend  north  of  Urie  Firth  the  depth  varies  from  10^ 
to  138  feet,  while  about  two  miles  further  down  the  loch  shallows 
to  42  feet. 

There  is  one  peculiar  feature  connected  with  these  voes  which  may 
bo  dismissed  in  a  few  words.  It  frequently  happens  that  spits 
of  gravel  are  thrown  up  by  tidai  action  near  the  head  of  the  8e»- 
loch.  These  banks  are  seen  in  aU  stages  of  formation  in  Shetlsjid, 
sometimes  extending  a  third,  a  half,  or  nearly  the  whole  of  the  way 
across  the  loch.  Ultimately  the  voe  is  crossed  by  a  oontinuoos 
bank  of  gravel  which  isolates  the  upper  part ;  and  this  isolated 
portion  is  converted  into  a  sheet  of  brackish  water. 

YIII,   COKCLUSION. 

1.  Summary  of  the  Evidence  regarding  the  Primary  Ghuit^om^ — 
We  must  now,  very  briefly,  recapitulate  the  evidence  regarding 
the  primary  glaciation  of  Shetland,  in  order  to  show  the  oondnsiom 
which  may  be  justly  drawn  from  the  facts,  and  also  to  determine 
the  relation  which  the  glacial  phenomena  of  these  isles  bear  to  tiie 
glaciation  of  Norway  and  Scotland. 

It  has  been  shown  that  in  the  islands  of  Unst,  Fetlar,  WhalMV, 
the  Outskerries,  Bressay,  and  along  the  eastern  sea-board  of  the 
Mainland  and  Yell,  there  is  one  uniform  system  of  ice-markxn^ 
trending  W.S.W.,  S.W.,  and  in  some  cases  S.8.W. ;  while  in  the 
western  districte  of  the  two  latter  islands,  as  well  as  in  Meikle 
Eooo,  Papa  Stour,  and  Foiila,  the  striaj  swing  round  to  the  N.W. 
and  NiN.W.  From  a  careful  examination  of  the  striated  snrf&oes 
and  the  Stossseite  of  the  roches  moutonnie$f  it  is  evident  that  the 
agent  which  produced  thorn  must  have  crossed  the  islands  from 
the  North  Sea  to  the  Atlantic.      Fortunately  this  conoliftBio&  is 
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1  beyond  all  doubt  by  the  distribution  of  the  Boulder-clay,  as 
as  by  the  dispersal  of  the  stones  in  this  deposit.  On  the 
»m  sea-board  of  Unst  the  Bouldor-day  contains  fragments 
rpentine,  gabbro,  and  graphitic  schists,  all  of  which  occur 
u  on  the  east  side  of  the  Yallafield  range.  Moreoyer  the  rela- 
listribution  of  the  serpentine  and  gabbro  stones  in  this  deposit 
e  western  shore  is  in  direct  proportion  to  the  relative  areas 
ded  by  these  rocks  to  the  east  of  the  watershed.  It  follows, 
fore,  that  the  agent  which  glaciated  Unst  must  have  crossed 
i^atei-shed,  carrying  the  bottom-moraine  up  the  slope,  and 
iting  it  in  the  lee  of  the  range.  In  Eetlar,  blocks  of  gabbro 
terpentine  are  likewise  found  in  the  Boulder-clay  on  the  west 
;  while  along  the  east  coast  of  Yell,  blocks  of  gabbro  occur  in 
ieposit  which  have  been  brought  firom  Unst  and  Fetlar,  testi- 

alike  to  the  same  westerly  movement. 

e  evidence  derived  from  an  examination  of  the  Boulder-day 
)n8  on  the  Mainland  is  equally  conclusive ;  for  it  matters  not 
her  we  cross  the  northern,  central,  or  southern  portions  of  the 
d,  we  are  compelled  to  admit  that  the  ice-flow  during  the 
ary  glaciation  must  have  been  towards  the  Atlantic.  In  the 
al  part  of  Northmavine  it  has  been  clearly  proved  that  the 
ier-day  partakes  of  the  physical  character  of  the  rock-forma- 
on  which  it  rests,  while  a  certain  percentage  of  the  stones  is 
ed  from  localities  which  lay  in  the  path  of  the  glaciating 
b.  Abundant  evidence  has  been  adduced  to  show  that  the 
kz-felsite  area  between  Tanwick  and  Eoeness  Voe  has  been  in- 
i  by  the  diorite  stones,  while  the  area  occupied  by  the  bedded 
iiyrites  has  been  invaded  by  the  quartz-felsite  and  diorite 
38.  Moreover  it  is  particularly  observable  that  the  blocks  de- 
[  from  the  successive  areas  occupied  by  these  rocks,  which  are 
)nt  in  the  Boulder-day,  diminish  in  number  in  proportion  to 
listance  from  their  parent  source. 

^oin,  in  the  long  tongue  of  land  which  stretches  from  Bcallo* 
southwards  to  Fitful  Head,  blocks  of  the  Old-Red-Sandstone 
i  occurring  on  the  eastern  sea-board  are  found,  not  only  on  the 
of  the  highest  hills,  but  also  in  the  Boulder-day  on  the  western 
Q,  Moreover  the  distribution  of  the  fragments  of  the  Lerwick 
Istone,  Brenista  Flags,  and  basement-breccia  in  the  Boulder- 
north  of  West  Quarff  is  in  perfect  harmony  with  the  relative 
3  occupied  by  these  subdivisions  of  the  Old  Bed  Sandstone 
li  of  I/OTwick.  The  same  relationship  holds  true  in  the  district 
reen  Maywick  and  Fitful  Head.  It  is  dear,  therefore,  that  the 
iating  agent  must  have  overflowed  the  watershed,  as  we  found 
3  the  case  in  Unst. 

InsufficUncy  of  Icebergs  or  Coast-ice  to  account  for  the  PheMtnena. 
erbaps  some  may  attribute  the  numerous  striated  surfaces,  as  well 
iio  Boulder-clay,  to  the  action  of  icebergs  or  coast-ice  on  a  sink- 
area  ;  but  a  little  consideration  will  show  that  eitlier  of  these 
es  is  quite  inadequate  to  explain  the  phenomena.  We  have 
m  that  over  the  whole  of  Bhetland  the  glaciating  agent  must 
)  conformed  to  the  inequalities  of  the  surface,  descending  into 
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the  smoUeet  hollows  and  oyerflowing  die  projecting  knobs  d  rocb, 
indicating  in  an  unmistakable  manner  that  the  agent  must  ham 
pressed  steadily  and  firmly  over  the  whole  area.  Nay,  more,  ik 
islands  have  been  grooved  and  striated  in  one  determinate  diredioD, 
while  rocky  slopes  have  been  likewise  abraded ;  and  fnm  tbe 
manner  in  which  the  striae  ran  obliquely  up  the  lull-fiace,  it  is  endai 
that  the  agent  must  have  ascended  the  slopes,  and  ultimately  oter- 
flowed  the  hi^  grounds.  Now  it  is  hardly  necessary  to  point  oat 
that  neither  coast-ice  nor  icebergs  are  capable  of  prodacmg  sock 
results  as  these.  It  is  impossible  to  conceive  that  icebergs  or  ooasi- 
ice  could  press  steadily  on  a  wide  archipelago  like  Shetland,  so  as  to 
plane  down  the  inequalities  on  the  surface ;  far  less  could  they 
produce  this  uniform  system  of  striation.  We  may  well  ask,  by 
what  means  could  floating  ice  or  coist-ice  ascend  a  rock-slope 
several  hundred  feet  high,  leaving  at  the  same  time  indelible  in- 
pressions  of  the  upward  movement?  Such  an  occurrence  woiildbe 
a  physical  impossibility. 

Again,  the  phenomena  of  the  Boulder-day  are  quite  at  vaiianoe 
with  the  floating-ice  theory ;  for  if  this  deposit  be  due  to  the  drop- 
pings of  icebergs  or  coast-ice,  then  assuredly  it  would  hsTC  been 
more  or  less  stratified ;  whereas,  from  one  end  of  Shetland  to  the 
other,  the  Boulder-day,  with  but  few  exceptions,  is  quite  amor- 
phous. If  it  be  really  a  marine  deposit,  how  could  it  possibly  par- 
take of  the  characters  of  the  rock-formation  on  which  it  rests,  and 
how  could  the  rdative  ingredients  diminish  in  number  in  propor- 
tion to  the  distance  from  their  parent  source  ? 

Further,  the  occurrence  of  blocks  in  the  Boulder-day  on  the 
western  sea-board  of  Unst  and  the  Mainland,  which  must  have  crossed 
the  watershed  to  reach  their  present  position,  is  stall  leas  explicable 
by  this  hypothesis.    For  if  the  high  grounds  of  Unst  or  the  Main- 
land were  submerged  so  as  to  allow  a  free  passage  for  icebergs  in 
their  westward  career,  where  are  the  areas  of  gabbro,  serpentine,  or 
Old  Bed  Sandstone  which  could  have  supplied  the  materials  found 
in  the  Boulder-day  ?     Even  if  we  suppose  that  ice  rafts  drifted  off 
the  eastern  sea-board  laden  with  such  materials,  we  must  suddcmly 
invoke   a  special  subsidence  of  several  hundred  feet  at  least,  botli 
in  Unst  and  in  the  Dunrossness  area,  to  enable  them  to  cross  tbe 
watershed.    But  this  improbable  suppodtion  stiU  leaves  unexplained 
the  relationship  which  exists  between  the  relative  distribution  of 
the  stones  in  the  Boulder-day  on  the  west  coast,  and  the  relatire 
areas  occupied  by  the  rock  masses.     For  these  reasons,  therefore, 
and  others  which  it  is  not  necessary  to  specify,  it  is  impossiblo  to 
reconcile  the  gladal  phenomena  of  Shetland  with  the  theoiy  of  ice- 
bergs or  coast-ice. 

3.  Shetland  glaciated  hf  Scandinavian  Ice. — Similar  phenomena 
to  those  now  referred  to  have  been  observed  and  described  again 
and  again  in  Scotland  and  other  highly  glaciated  r^ons,  where  they 
have  been  almost  universally  ascribed  to  the  action  of  land-io^ 
It  is  not  necessary  for  us  to  show  how  the  uniform  system  of  stria- 
tion, or  the  rounded  outlines,  or  the  close  relation  between  the 
Boulder-day  and  the  rocks  on  which  it  rests,  are  satisfactorily  ex- 
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plained  by  the  passage  of  land-ice  over  Shetland.  It  is  sufficient 
for  our  present  purpose  if  we  show  that,  during  the  general  glaciation 
of  Scotland,  Boulder-clay  was  transported  across  important  hill- 
xanges  by  the  ice  which  radiated  from  the  Grampians.  On  the 
south  of  the  Sidlaw  range,  as  well  as  on  the  south  side  of  the  Ochils, 
the  Boulder-day  contains  fragments  of  schist,  gneiss,  and  granite^ 
which  must  have  been  transported  from  the  Highlands.  Purtiier,  on 
the  top  of  AUermuir  hill  small  patches  of  Boulder-clay  were  observed 
by  Dr.  CroU  containing  striated  stones  derived  from  the  Highlands 
to  the  north-west.  It  is  evident,  therefore,  that  the  Scotch  ioe- 
sheet  was  powerful  enough  to  override  such  important  ranges  as 
the  Sidlaws,  the  Ochils,  and  portions  of  the  Pentlands,  and  must 
likewise  have  rolled  forward  the  bottom  moraine,  depositing  it  in 
the  Ice  of  the  hills.  And  if  such  was  the  case  in  Scotland,  then 
why  may  not  the  same  thing  have  happened  in  Shetland  ?  Indeed, 
had  Shetland  formed  a  part  of  the  western  sea-board  of  Scotland, 
there  would  have  been  no  hesitation  in  ascribing  the  striated  surfaces 
and  the  Boulder-day  to  the  action  of  land-ice. 

The  land-ice  which  glaciated  Scotland  could  only  have  come  from 
Scandinavia,  as  the  striated  surfaces  dearly  point  in  that  direction* 
And  we  must  now  briefly  consider  what  grounds  there  are  for  be- 
lieving that  the  Scandinavian  mer  de  glace  was  powerful  enough  to 
invade  the  North  Sea.  The  researches  of  Erdmann,  Horbye,  Esmark, 
Holland,  Tomebohm  and  Linnarsson  have  revealed  to  us  the  extent 
of  the  ancient  glaciation  of  Norway  and  Sweden.  They  dearly 
show  that  Scandinavia  was  not  gladated  by  Polar  ice  moving  south- 
wards from  the  Arctic  r^ons ;  for  the  ice-markings  generally  radiate 
from  the  great  tablelands  as  they  do  in  Scotland.  It  must  have 
been  buried  underneath  an  ice-sheet  which  moved  off  the  land  in  all 
directions.  It  has  been  generally  supposed  that  this  mer  de  glace  must 
have  broken  up  in  the  form  of  bergs  when  it  reached  the  shallow 
North  Sea;  but  fortunatdy  we  are  now  supplied  with  data  which 
enable  us  to  prove  that  this  could  not  have  been  the  case.  K 
we  take  the  estimate  given  by  Holland  for  the  minimum  thick- 
ness of  the  ice  in  Sogne  Pjord  during  the  period  of  extreme  cold,  it 
follows  that,  instead  of  the  ice.  breaking  up  in  the  form  of  bergs,  it 
must  have  invaded  the  North  Sea  and  moved  in  a  westerly  direc- 
tion towards  the  Shetland  Isles.  He  gives  6000  feet  as  the  estimate 
at  this  point ;  and  when  we  remember  that  the  average  depth  of 
the  German  Ocean  is  about  240  feet,  we  can  readily  understand 
how  such  a  mass  of  ice  could  never  have  floated  between  Norway 
and  Shetland,  much  less  between  Norway  and  Scotland. 

When  this  mer  de  glace  impinged  on  the  Shetland  frontier,  it 
would  necessarily  be  deflected  to  some  extent  by  the  opposing  high 
ground.  Hence,  as  we  move  southwards  from  Unst,  whore  ti^e 
average  trend  of  the  ice-markings  is  W.  10°-20°  S.  towards  Bressay 
and  Lerwick,  the  deflection  increases  to  S.W.  and  in  some  cases  to 
S.S.W.  But  as  soon  as  the  ice  reached  the  crest  of  the  Mainland, 
it  would  naturally  follow  the  path  of  least  resistance,  veering 
round  to  the  N.W.  and  N.N.W.  It  is  highly  probable  that  this 
northing  may  be  due  in  part  to  the  resistance  offered  by  the  Scotch 
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ioe-sheet,  which  must  have  coalesced  with  the  ScandinaTitn  mer4» 
de  gUiee  in  the  North  Sea.  That  this  union  must  have  taken  pte 
is  evident  from  the  proofs  of  the  deflection  of  the  glaciers  aknif  tit 
eastern  sea-hoard  of  Scotland  and  England ;  and  it  would  erea  nor 
appear  that  the  great  Chalky  Boulder-clay  of  East  Angha  is  t  pn- 
duct  of  land-ice  which  moved  inland  in  a  north-east  and  aooft' 
west  direction.  These  phenomena  point  to  the  existence  of  some 
constantly  opposing  force  which  was  capahlo  of  overeoming  tk 
seaward  motion  of  the  Scotch  and  English  glcLciers.  In  otkr 
words,  the  two  ice-sheets  must  have  united  on  the  floor  of  flif 
North  Bea,  one  great  outlet  for  this  ice-fleld  heing  towards  tie 
north-west  hy  the  Pentland  Firth  and  tiie  Orkney  Islands.  Wbs 
the  Orkney  Islands  are  examined  in  detail  they  will  douhtksi  peid 
conclusive  evidence  in  support  of  tiiis  north-west  movement. 

After  the  mer  de  glace  had  ceased  to  he  confluent  with  the  loeil 
glaciers  of  Shetland,  the  latter  lingered  on  for  a  time,  filling  aD  tk 
main  valleys  and  flowing  off  the  land  in  all  directions.  The  dcpoab 
met  with  on  the  eastern  coast  of  the  Mainland  between  LerwieiE 
and  Boddom,  and  again  between  Coliflrth  Yoe  and  Fethaland  F<Hai, 
must  be  attributed  to  this  local  movement;  while  the  nnmerooi 
moraine  heaps  sprinkled  over  the  valleys  indicate  the  imoieiM 
quantity  of  debris  which  must  have  been  borne  downwards  on  tke 
iurfaoe  of  the  small  glaciers. 

4.  Abeence  of  Oravd  Karnes  and  Raised  Beaches  m  8h«Ua»dr^ 
Throughout  the  isles  we  searched  in  vain  for  those  ridges  of  gfsril 
which  form  such  a  notable  feature  in  Scotland.  "Kere  and  these  tk 
moraine  mounds  and  the  moraine  d^ris,  which  is  spread  imp- 
larly  over  the  slopes  of  the  hills,  show  signs  of  rude  stratiflcstioiL 
while  the  stones  are  more  or  less  waterwom ;  but  no  one  mm 
readily  mistake  them  for  true  kames.  Moreover  there  is  t 
remariLable  absence  of  raised  beaches  indicating  changes  in  tk 
relative  level  of  sea  and  land.  Though  we  exandned  the  isluii 
with  considerable  minuteness,  we  never  found  a  trace  of  ^msi 
familiar  terraces  which  are  so  characteristic  of  parts  of  the  decAA 
coast-line.  This  is  all  the  more  remarkaUe,  as  the  voes  or  sea- 
lochs  are  admirably  adapted  both  for  the  formation  and  presemtifli 
of  sea-beaches.  We  cannot  help  believing  that,  if  such  deposits  hid 
been  formed,  we  must  assuredly  have  met  with  some  indicatioos  of 
them ;  and  for  this  reason  it  seems  just  to  infer  that  they  nertf  ex* 
isted  in  Shetland.  The  remarks  made  by  Professor  Geikie  in  ib 
article  in  ^  Nature**  clearly  show  that  their  absence  has  an  importaB^ 
bearing  on  the  question  of  their  origin.  For  if  they  be  diie,« 
Br.  CroU  suggests,  to  the  rise  of  the  sea-level,  owing  to  an  acemoli- 
tion  of  ice  roun  J  the  North  Pole  during  the  glacial  period,  then  wt 
should  naturally  expect  to  find  them  in  localities  which  are  so  wflO 
adapted  for  their  formation;  but  since  this  is  not  the  case,  v« 
may  infer  that  they  indicate  pauses  in  the  gradual  elevaticm  of  A* 
land  which  must  have  been  general  over  the  whole  of  Seotlaod  is 
postglacial  times.  It  would  seem,  however,  that  Shetland  £d  imA 
participate  in  these  general  movements  of  u|^eavaL 
» •  Nature/  vol.  xn,  p.  414. 
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Ifl.   Calamites   cannaformu^    firom 
I3rcHsay 


Appendix. 

^ist  of  FhssU  Plants,  eoUtcted  in  Shetland,  hy  Messrs.  B.  N.  Peach 
and  John  Horne,  of  the  Geological  Survey^  in  1878. 
By  C.  W.  Peach,  Esq. 

^  Small  specimens.    In  the  Sandstone 
j^  quarries  of  Bressaj  and  those  on 

the  opposite  side  of  the  Sound, 
Tery  large  ones  are  far  from  rare^ 
known  by  the  name  of  "  Corduroy  ** 
y  bv  the  quarriers. 
Unfortunately  these  are  obscure; 
they,  howerer,  show  sufficiently 
well  for  identification,  and  that 
they  are  what  Salter  called  L, 
notnum  of  linger  ?  They  may  be- 
long  to  LepuJUxiendron,  I  rather 
think  they  are  nearer  to  Lycopo- 
ditea  MUUri^  also  figured  by  Salter. 
They  have  not  sHgrnarian  roots, 
but  masses  of  long  fiat  rootlets  (the 
Fucoids  of  Miller  and  others^.  I 
got  in  OaithneM  some  of  ttiese, 
with  snleadid  masses  of  rootlets 
attaohfttlj 


2. 

3. 
4. 
6. 
& 

7. 

8. 

9. 
10. 
11. 
12. 

12m. 


Lepidodendron  nothum^  Unger, 
from  Walls  district 


13. 
14. 

15. 
16. 
17* 


On  the  oppodte  side  of  12,  is  a 
nice  example  of  Paiiophytm 
princeps  ot  Dawson,  showing 
leaflets. 

PtilophyUm  (from  Noss). 

Psilophyion  princeps,  Dawson 
(fromWaUs)    


^  This  is  the  most  abundant  plant  of 
the  Old  Bed  Sandstone  of  Shet- 
land, Orkney,  Caithness,  Ac.  &c., 
and  of  Canada^  America,  and  Tur- 
key &c.,  in  the  Devonian  of  the 
latter  countries. 


DlSCUSSIOK. 

Dr.  BioKs,  haviDg  studied  the  adjoining  rocks  of  the  mainland  of 
Scotland,  differed  from  the  authors  as  to  ti^e  age  of  the  metamorphic 
series,  and  thought  they  must  be  Pre-Cambrian,  and  belonging  to 
two  if  not  three  Pre-CambriaD  series. 

Prof.  Bonnet  asked  as  to  the  evidence  of  the  passage  of  gabbro 
into  serpentine. 

Mr.  HoBNB  replied  that  they  did  not  attempt  in  the  paper  to  fix 
the  age  of  the  metamorphic  rocks  referred  to  by  Mr.  Hicks,  and  in- 
sisted on  their  views  as  to  the  intrusive  character  oi  the  quartz- 
felsites  of  Shetland. 

In  reply  to  Prof.  Bonney,  he  stated  that  he  and  his  follow  author 
had  not  minutely  studied  the  supposed  passage  of  one  rock  into  the 
other,  bat  that  Dr.  Heddle,  who  had  so  studied  them,  had  arrived 
at  the  same  conclusion  as  themselves. 


Digitized  by 


Google 


Digitized  by 


Google 


^^ 


^^  ^  ^-  ^-  ^^^*CH,  Esq. 


Digitized  by 


Google 


812  B.  WIUON  OK  THB  SOTTTH-SCAELB  aSCTTOX. 


61.  OntheSovTK-ScASLJiSwnov*.    Bf  E.  Wosok,  Esq.,  P.GJB. 
(Read  June  25, 1879.) 

At  South  Scarle,  a  point  about  halfway  between  Newark  and 
Lincoln,  an  unsuccessful  boring  for  coal  some  short  time  ago  dis- 
closed a  most  interesting,  but,  so  far  as  its  lower  portion  was  con- 
cerned, somewhat  puzzling  geological  section.  The  objedi  of  Um 
communication  is  to  identify,  if  possible,  the  lower  rodn  passed 
through  in  these  borings. 

The  following  generalised  section  is  quoted  from  a  paper  '*  On  a 
deep  Boring  for  Coal  at  Scarle,  Lincolnshire,"  by  Profl  E.  HuU,  F.BA, 
F.G.S.  (see  Froc.  Inst.  Civil  Engineers,  yot  xlix.  part  iii.) : — 

Souihr^ScarU  Section  (after  HuU). 

(t  te. 

Allurial  or  Drift  BtraU    10  0 

Lower  Lias  Olay  and  limefitone 65  0 

BbaetiobedB  66  0 

New  Red  Marl  (Keuper) 673  0 

Lower  Keuper  Sandi^ne 244  0 

New  Red  Sandstone  (Bunter) 642  0 

Upper  Permian  Marls 118  6 

Upper  Magnesian  Limestone  40  6 

Middle  Permian  Marls 141  0 

Lower  Magnesian  limestone   66  0 

Lower  Permian  Sandstone  16  0 

,  TGreyish  earthj  limestones  and  calcareous  shales  1    ||a  q 

'Sgij         with  small  biralTes   J 

.5gg«  Greenish  coarse  grit  and  breccia 1  0 

^  <S  to     Red  marls  or  clajs,  in  whidi  the  boring  was  dis-  linn 
I.     continued   J 

Down  to  26  feet  in  the  Lower  Magnesian  Limestone  the  ahore 
classification  of  the  Scarle  cores  appears  to  be  approximately  oorreot. 
Below  that  depth,  however  (1827  feet),  there  came  up  from  60  to 
60  feet  of  a  very  hard  dark  grey  to  black  rock,  generally  odLttic, 
though  apparently  unfossiliferous,  the  analysis  of  which  showed  it 
to  be  an  argillaceous  dolomite.  This  was  succeeded  by  16  feet  of 
sandy  (?)  sed^ont  too  loose  for  cores ;  then  came  118  feet  of  grey 
earthy  limestones  or  calcareous  shales,  with  a  foot  or  so  of  greenish 
grit  or  breccia  at  the  base.  Last  of  all  (at  2020  feet),  compact  red 
or  purplish-red  clays  with  nodules  of  hematite  were  penetrated  to 
a  depth  of  10  feet.  On  seeing  the  first  specimens  of  the  '^grej 
earthy  limestones,"  Professors  Bamsay  and  Hull  both  came  to  the 
conclusion,  founded  on  lithological  grounds,  that  these  rocks  were 
to  be  referred  to  the  Lower  Yoredale  series.  The  succession  bdow, 
however,  of  fine  greenish  grit,  or  breccis^  and  chocolate-eoloared  days 
proved  very  puzzling ;  and  the  fact  of  such  strata  not  being  known 

*  This  is  an  extract  from  the  author's  paper  "  On  the  Phrsical  Otognifhy 
of  the  North-east  of  England  in  Permian  and  TriasBio  Timea.*^ 
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ODg  the  Yoredale  rocks  led  Prof.  Hull  to  conclude  instead  that 
I  grey  earthy  limestones,  breccia,  and  red  marls,  one  and  all, 
onged  to  the  uppermost  beds  of  the  Coal  Measures*  That  is  how 
t  matter  stands  up  to  the  present  time.     Now,  beyond  all  doubt, 

grey  earthy  limestones  belong,  not  to  the  Carboniferous,  but  to 

Permian  formation,  constituting,  in  fact,  with  the  overlying  dark 
Itio  dolomites  and  loose  sands  (?)  the  Marl  Slates ;  for  they  are 
atical  with  the  Marl  Slates  of  West  Notts  in  lamination,  colouri 
I  mineral  composition,  they  yield  similar  obscure  plant-remains, 

a  doubtful  shell,  ^*  eitiieT  Anthraeosia  (?)  or  Aannus"  the  latter  of 
ich  occurs  in  the  Notts  Marl  Slates ;  like  these,  too,  they  occa- 
lally  become  oolitic ;  and,  finally,  they  are  underlain  by  a  coarse 
snish  grit  or  breccia,  clearly  the  selfsame  bed  as  that  which,  as 
[bribed  by  me  on  a  former  occasion,  constitutes  the  base  at  once 
he  Marl  Slates  and  of  the  Permian  formation  (see  my  paper  **  On 

Permians  of  the  North-east  of  England,"  Q.  J.  G.  S.  vol.  zxxiL 
•33).  {Note.  The  total  absence  of  ironstone  in  all  this  thickness 
p^y  shales  is  strongly  against  their  being  Coal  Measures.)  Not 
r,  dien,  are  the  Marl  Slates  represented  at  Scarle,  but  they  there 
in  their  greatest  known  thickness  in  this  country. 
Tie  "  Red  Marls  "  remain  to  be  accounted  for.  Prof.  Hull  says 
.  cit)  these  shales  closely  resemble  portions  of  the  Upper  Coal 
isures  of  the  North  Stafifordshire  and  Manchester  coal-fields. 

question  whether  productive  Coal  Measures  exist  at  all,  and  at 
orkable  depth,  beneath  West  Lincolnshire,  is  a  matter  not  only 
onsiderable  theoretical  interest,  but  of  enormous  commercial  im- 
ance ;  and  any  thing  bearing  on  it  should  therefore  be  handled 
I  the  utmost  caution.  The  red  marls  from  the  bottom  of  the 
-le  boring  certainly  do  manifest  a  very  close  teztural  agreement 
I  certain  Upper  Coal  Measures,  e,  g,  those  of  North  StafFordshire* 
theoretical  considerations  the  occurrence  of  Upper  Coal  Measures 
dearie  is  by  no  means  improbable.  So  far,  then,  as  the  red 
Is  are  concerned,  1  coincide  with  the  later  and  more  hopeful 
ion  of  Prof.  Hull ;  and  I  venture  to  think  that  such  opinion  will 
onsiderably  strengthened  now  that  the  overlying  grey  rocks  are 
inated  from  the  Carboniferous  strata  and  placed  with  the  Per- 

18. 

1  conclusion  I  append  what  I  believe  to  be  the  correct  reading 
le  lower  portion  of  the  Scarle  Section : — 

ft.     in* 

Down  to  Lower  Ma^eaan  LimeBtone 1801    0 

Lower  Magnesian  Limestone 26    0 

^  f  Marl  Slatee :  dark  oolitic  dolomites  ...    58    0 ' 

„  lost  cores    16 

j    I                      f  thin-bedded  grev  argil-  ] 
I  I           „          <     laceous       dolomites,  1 118 
I     sandstones,  and  shale  J 
„  oasement  breccia  1 

gP^    1  Deep-red  indurated  Marls  with  no- \     ,/v    ^ 
Meawes.)    duleeofhagnatite,  penetrated  to...  f     ^^    ^ 

Total  depth  2080    0 

.J. as.  No.  140  8i 
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GEOLOGICAL  SOCIETY  OF  LONDON. 


SESSION   1878-79. 


November  6,  1878. 

HjQfBT  CuFTON  SoRBT,  Esq.,  F.E.S.,  President,  in  fche  Chair. 

Arthur  Gk)odger,  Esq.,  Albert  Academy,  Burghersdorp,  Cape  Co- 
lony ;  Rev.  "Walter  Howchin,  Haltwhistle,  Northumberland ;  lieut.- 
Col.  C.  A.  M^Mahon,  Hissar,  Punj&b  ;  Oswald  Milton  Prouse,  Esq., 
C.E.,  "Westboume  House,  Shaftesbury  Eoad,  Hammersmith,  W.; 
and  M.  G.  Stuart,  Esq.,  B.A.,  St.  John's  College,  Cambridge,  were 
elected  Fellows  of  the  Society. 

The  last  of  Donations  to  the  Library  was  read. 

A  geological  model  of  the  Elk  Mountains  of  Central  Colorado,  by 
"W.  H.  Holmes  (scale  1  inch  to  1  mile),  and  a  relief  map  of  the  Yel- 
lowstone National  Park,  by  W.  H.  Holmes  (scale  1  inch  to  2  miles), 
were  presented  to  the  Museum  by  Dr.  F.  V.  Hayden,  F.C.G.S. ;  and 
81  casts  of  bones  of  the  Pygmy  Elephant  from  Malta  by  Bear- 
Admiral  T.  A.  B.  Spratt,  C.B.,  F.R.S.,  F.G.S. 

The  following  communications  were  read : — 

1.  "On  the  Eange  of  the  Mammoth  in  Space  and  Time."  By 
Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  F.G.S. 

2.  "The  Mammoth  in  Siberia."  By  H.  H.  Howorth,  Esq., 
P.8.A.    (Communicated  by  J.  Evans,  Esq.,  LL.D.,  F.R.S.,  V.P.G.S.) 

[Abstract.] 

The  author  gave  reasons  for  considering  that  the  "  griflPon's  claw  " 
sent  by  Harun-al-Rashed  to  Charlemagne  was  the  horn  of  a  fossil 
BhinoceroB,  so  that  the  extinct  mammals  coeval  with  the  Mammoth 
were  known  in  Europe  at  an  early  date.  They  were  probably 
known  even  in  the  days  of  Herodotus.^  Other  evidence,  such  as  the 
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Christy  CoUeotioii,  shows  that  the  Siberian  deposits  were  known  at 
a  yery  early  time.  There  is  eridence,  too,  to  show  that  fossil  iTory 
was  known  to  the  Chinese,  who  asserted  that  the  animals  were  still 
living  underground.  The  author  described  several  cases  of  ihe  dis- 
ooyery  of  well-preserved  bodies  of  Mammoths  in  historic  times. 
They  have  occurred  in  widely  separated  places,  from  the  eastern 
watershed  of  the  Obi  to  the  peninsula  of  the  Tschuksi.  Bones  also 
have  been  found  over  the  whole  length  of  Siberia,  the  Brai  Islands, 
and  the  islands  of  New  Siberia. 

The  author  ftirther  discussed  the  theories  which  account  for  their 
presence : — 1.  That  the  animals  lived  much  further  south,  and  were 
carried  down  by  rivers  to  where  they  now  lie ;  2.  That  they  lived 
on  the  spot.  As  there  are  physical  difficulties  in  the  way  of  the 
transport  theory,  as  the  Mammoth  was  covered  with  dense  hair  and 
fed  on  plants  growing  on  the  spot,  and  as  the  remains  are  not 
confined  to  the  vicinity  of  rivers,  it  ia  probable  that  the  second  view 
is  the  correct  one. 

There  are,  however,  some  points  connected  with  it  requiring 
farther  consideration.  Jt  being  proved  that  the  Mammoth  <mly 
required  a  temperate  climate,  it  must  not  be  hastily  assumed  that  it 
could  endure  that  of  Siberia.  Where  the  Mammoths  are  now  found 
the  ground  at  2  or  3  feet  below  the  surfiace  is  permanently  froaen 
all  the  year  round,  vegetation  does  not  appear  tiU  June  and  is  Tecy 
poor  and  stunted,  the  summer  is  very  short,  the  winter  proportioa* 
ately  long,  the  temperature  in  January  is  as  low  as  —  65^  F.,  and  no 
tree  wiU  now  grow  in  ihe  greater  part  of  North  Siberia.  How  tkea 
could  Elephas  primigenius  and  Ehinoeeroi  tieharinus  obtain  food  on 
such  ground  ?  The  only  alternative  seems  to  be,  either  to  sappoBe  a 
great  migration  N.  and  S.,  or  a  change  of  climate.  The  author  ia  of 
opinion  that  in  Siberia  such  a  migration  is  not  possible.  It  seema 
therefore  more  probable  that  the  climate  of  Siberia  has  become 
more  severe.  The  plants  found  in  the  fissures  of  the  Bhinooeroa- 
teeth  are  those  now  living  in  South  Siberia.  The  plant-remaiiM 
associated  with  the  Mammoth  (not  floated  from  a  dii^tanco,  but  of 
the  locality)  show  the  same  thing,  larch,  birch,  and  other  trees  of 
good  size  being  found.  Freshwater  and  land  shells  are  also  found, 
not  now  living.  Hence  it  seems  reasonable  to  conclude  that  tiie 
climate  has  become  more  severe,  and  that  of  the  north  in  the  days 
of  the  Mammoth  resembled  that  of  the  south  at  the  present  time. 
The  author  then  considered  the  cause  of  the  Mammoth's  extinotion. 
This  he  held  to  have  been  sudden.  The  remains  must  have  been 
preserved  soon  after  death.  He  therefore  maintains  that  they  wera 
destroyed  by  a  flood  due  to  some  sudden  convulsion  whidi  abo 
changed  the  climate. 

3.  ^*'  On  the  Association  of  Dwarf  CrooodileB  {NofM^mukui  and 
TheriomchuB  pusiUus,  e.  g.)  with  the  diminutive  Mammab  of  ttie 
Purbeok  Series.    By  Prof.  E.  Owen,  C.B.,  F.BJ3.,  F.GJ3, 
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November  20, 1878. 

E.  Ethebidoe,  Esq.,  F.E.8.,  Vic^President,  in  the  Chair. 

Rey.  James  Crompton,  Buckley,  vid  Chester ;  and  John  Dennis 
Paul,  Esq.,  Leicester,  were  elected  Fellows  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  Chairman  announced  that  Mr.  James  Dallas  had  been  ap- 
pointed an  Assistant  in  the  Library  and  Museum. 

The  following  communications  were  read : — 

1.  "  On  the  IJpper-Greensand  Coral  Fauna  of  Haldon,  Devon- 
shire." By  Prof.  P.  Martin  Duncan,  M.B.  Lend.,  F.R.S.,  F.G.S., 
&c. 

2.  *'  Notes  on  Pleurodcn  affinii,  sp.  ined.,  Agassiz,  and  Desorip- 
tlon  of  three  Spines  of  Cestraoionts  from  the  Lower  Coal-measures/' 
By  J.  W.  Davis,  Esq.,  F.G.8. 

3.  '<  On  the  Distribution  of  Boulders  by  other  agencies  than  that 
of  loebergs."    By  C.  E.  Austin,  Esq.,  C.E.,  F.G,S. 

[Abetraot.] 

The  author  is  of  opinion  that  if  boulders  had  been  distributed  by 
floating  ice  they  should  now  be  accumulated  *'  in  certain  parallel  and 
quasi-concentric  lines.''  This  he  does  not  find  to  be  the  case  in 
Sweden  and  North  Russia,  where  the  distribution  is  irregular. 
From  the  mode  of  distribution  he  infers  that  the  boulders  must  have 
been  imifermly  distributed  in  the  ice-blocks,  whereas  they  ought  to 
have  been  most  abuudant  at  the  base.  The  boulders  are  not  con- 
nected with  existing  ravines,  and  the  author  does  not  see  how  ice 
can  move  on  a  plain.  He  has  never  seen  a  glacier-moraine,  but 
thinks  that  these  boulders  are  not  like  the  blocks  in  moraines.  In 
Siberia,  Portugal,  and  Rio  Janeiro  the  author  has  seen  solid  nuclei 
in  decomposed  granite.  Such  boulders,  as  he  notices,  may  be  left 
after  decomposition  of  a  once  flowing  molten  mass,  of  which  they 
have  formed  a  part  or  in  which  they  have  been  entangled. 

DiscrssioK. 

Mr.  Shone  asked  whether  the  author  wished  to  substitute  his 
theory  of  the  igneous  origin  and  transportation  of  boulders  for  that 
ordinarily  accepted,  vii.  by  means  of  ice,  or  whether  he  meant  it  to 
be  an  additional  means  of  accounting  for  the  presence  of  such 
isolated  masses  in  the  Boulder-clays.  In  England  there  were 
numerous  well-known  instances  of  rooks  weathering  into  isolated 
masses,  as  the  granite  of  the  Land's  End  &c.,  but  which  were 
totally  unconnected  with  glacial  phenomena. 
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Prof.  BowwiST  said  that  he  demurred  to  the  use  of  the  term 
"  eruptire  granite  "  employed  by  the  author.  He  remarked  that  the 
author  had  not  stated  what  the  matrix  of  the  angular  blocks  on  the 
Black  Sea  was,  nor  on  what  the  yarious  blocks  were  resting;  so  far 
as  he  knew,  the  Hussian  blocks  rested  on  sedimentary  rocks,  and  it 
was  not  likely  that  granite  or  igneous  rock  had  flowed  over  these. 
The  author  also  failed  to  account  for  the  mixture  of  rocks  so  com- 
monly observed  where  boulders  occurred. 

Prof.  Ss£L£Y  said  that  the  author  had  commenced  without  the 
facts  which  required  explanation.  For  his  part  he  could  not  think 
of  a  district  where  the  author's  views  would  apply.  Bounded 
masses  were  doubtless  sometimes  formed  by  decomposition ;  tiiese, 
however,  would  not  be  likely  to  be  carried  far,  so  that  he  could  not 
think  the  paper  added  much  to  our  knowledge. 

Mr.  W.  W.  SMrxH  cited  some  instances  in  Transylvania  where 
spheroidal  boulders  had  been  left  behind  by  decomposition  of  an 
igneous  rock.  Also  in  the  Guadarrama  Mountains,  on  the  way  to 
Madrid,  the  sections  of  the  granitic  rock  are  very  fine,  and  the 
denuding  agencies  leave  nodular  parts  behind.  Hence  he  thought 
this  explanation  was  sometimes  applicable,  but  doubtless  there  were 
many  cases  in  which  it  could  not  apply. 

Prof.  Jttdi)  said  that  the  geological  and  popular  ideas  attaching  to 
certain  terms  were  not  in  all  cases  identical,  and  this  sometiines 
caused  confusion,  as  had  happened  this  evening.  The  term  ^  boul- 
der" in  geology  was  restricted  to  far-transported  and  more  or  less 
angular  blocks;  so  that  the  paper  was  not  what  its  title  would  seexa 
to  indicate,  but  rather  a  caution  against  confounding  boulders  with 
masses  of  rock  otherwise  derived. 

The  Author  replied  that  the  paper  itself  answered  the  question 
of  Mr.  Shone,  in  that  it  purported  to  be  a  notice  on  a  third  mode  of 
distribution  of  boulders.  To  Prof.  Bonney  he  replied  that  the 
matrix  of  the  breccia  on  the  shore  of  the  Black  Sea  was  lava  of  a 
diabasic  form.  As  to  the  mixture  of  blocks  supposed  to  be  trans- 
ported by  ice-flows  from  six  different  sites  to  one  spot,  it  appeared  to 
the  author  to  bo  as  easy  to  imagine  the  mass  of  molten  matter  of 
which  these  blocks  were  composed  extending  to  the  spot  as  to 
suppose  that  six  different  ice-flows  brought  them.  In  answer  to 
Prof.  Judd,  he  said  that,  as  the  boulders  of  Kussia  were  not  gene* 
rally  angular,  and  as  the  word  boulder  means  a  rolled  and  concrete 
mass,  he  could  not  understand  how  the  Society  could  confirm  his 
definition.  The  author  had  po  doubt  igneous  rocks  would  be  found 
to  be  concreted  in  spherical  masses. 

The  following  specimens  were  exhibited : — 

A  submarine  Stalactite  from  Bermuda,  exhibited  by  Dr.  J.  Gwyn 
Jeffreys,  F.R.S.,  F.G.S.,  on  behalf  of  lieut-General  Sir  J.  H.  Lefroy, 
F.R.S. 

Specimens  exhibited  by  Prof.  Duncan,  F.R.S.,  F.GJ3,,  and  J.  W. 
Davis,  Esq.,  F.G.S.,  in  illustration  of  their  papers. 
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December  4, 1878. 

Hknby  Cliftok  SoKbT,  Esq.,  P.R.S.,  President,  in  the  Chair. 

Rev.  William  H.  Allen.  F.R.A.S.,  61  Kentish  Town  Road,  N.W. ; 
George  Grey  Butler,  Esq.,  Civil  Service  Commission,  Westminster, 
S.W. ;  John  Dixon,  Esq.,  Assoc.  Inst.  C.E.,  The  Choubra,  Surbiton ; 
Rev.  William  Downes,  B.A.,  Kentisbeare,  CoUumpton,  Devonshire ; 
Joseph  Drew,  Esq.,  M.D.,  4  Poxgrove  Road,  Beckenham ;  Arthur 
Tom  Metcalfe,  Esq.,  East  Retford,  Nottinghamshire ;  E.  P.  Monck- 
ton,  Esq.,  M.A.,  Pineshade  Abbey,  Northamptonshire;  Albert  J. 
Mott,  Esq.,  Adsett  Court,  Westbury-on- Severn ;  Philip  Lutley 
Sdater,  Esq.,  Ph.D.,  P.R.S.,  11  Hanover  Square,  W. ;  William  Hobbs 
Shrubsole,  Esq.,  Sheemess  ;  and  Alexander  Thney,  Esq.,  Stevenage, 
Herts,  of  the  Public  Works  Department,  Calcutta,  were  elected 
Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 
The  following  communications  were  read : — 

1.  "On  some  Mica-Traps  from  the  Kendal  and  Sedbergh  Dis- 
tricts." By  Prof.  T.  G.  Bonney,  M.A.,  F.R.S.,  F.G.S.,  and  P.  T.  S. 
Houghton,  Esq.,  B.A. 

2.  "  Pleistocene  Notes  on  the  Cornish  Coast  near  Padstow.**  By 
W.  A.  E.  Ussher,  Esq.,  P.G.S. 

[Abstract.] 

In  this  paper  the  author  described  certain  deposits  seen  in  a  small 
bay  near  St.  Enodock's  chapel,  and  known  as  Daymer  Bay,  and  in 
section  at  Greenway  Cliffs.  The  former  included  a  portion  of  raised 
beach,  and  a  reef  of  consolidated  old  beach  and  a  peaty  deposit  below 
high-water  mark,  the  raised  beach  indicating  a  depression  of  from 
5  to  10  feet  and  a  subsequent  elevation  of  more  than  that  amount, 
during  a  pause  in  which  the  lower  beach  was  formed.  The  further 
elevation  of  the  coast  was  sufficient  to  favour  the  growth  of  forests 
fiimiBhing  the  peaty  bed,  which  a  subsequent  subsidence  has  brought 
down  to  its  present  level.  Greenway  Cliffe  consist  of  grey  slatos, 
resting  against  which,  in  two  places,  are  old  consolidated  blown 
sands ;  about  5  feet  above  high-water  mark  is  a  raised  beach,  near 
which  the  face  of  the  diif  consists  of  "head"  capped  by  gravel. 
The  author  discussed  the  relative  ages  of  these  deposit's,  and  in- 
clined to  regard  the  gravel  as  a  fluviatile  deposit,  and  the  stony 
loam  or  "  head  "  as  an  ancient  talus  or  flood-gravel,  both  deposited 
before  the  raised  beach. 

Discussion. 
Mr.  ExHEBinaE  stated  that  all  the  Cornish  coast  was  most  in- 
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tereBting  from  its  raised  beaches,  and  that  Mr.  Ussh^a  careM 
stady  was  a  valuable  contribntioii  to  their  history.  Similar  beaches 
existed  in  We^  Somerset  and  North  Deyon.  The  beaches  are 
generally  about  30-40  feet  above  the  sea-leveL  All,  however, 
differed  considerably  in  detail.  Submerged  forests  were  almost 
equally  abundant  on  both  sides  of  the  Bristol  ChanneL 

Mr.  Patiisok  confirmed  the  last  speaker's  remark  as  to  the  fre- 
quency of  these  phenomena  ;  but  stated  that  minute  local  circum- 
stances caused  great  variety,  and  it  was  not  safe  to  depend  too  mudi 
on  the  minor  details. 

3*  "  The  Pleistocene  History  of  ComwalL'*  By  V,  A.  K,  Uaa^tf , 
Esq.,  P.G.8,  ^ 

[Abitract.] 

In  the  first  part  of  this  paper  the  author,  from  his  own  obeevra- 
tions  and  the  writings  of  other  geologistB,  gave  detailed  deecriptions 
of  the  various  superficial  deposits  of  Cornwall  as  exposed  in  nume- 
rous coast-sections. 

In  the  second  part  he  discussed  the  relative  ages  of  ^ese  depositB, 
for  which  he  proposed  the  following  classification  : — 

1.  The  oldest  beds  described  are  patches  of  quartiose  gravel, 
found  up  to  400  feet  above  the  present  sea-level;  these  are  r^arded 
by  the  author  as  of  fiuviatile  origin,  and  as  being  poasiblj  rede- 
posited  Tertiary  beds.  Their  age  may  be  anything  between  Cre- 
taceous and  Glacial. 

2.  Boulder-gravels,  from  40  to  50  feet  above  sea-level. 

3.  Baised  beaches,  up  to  15  feet  above  sea-level. 

4.  Old  blown  sand  closely  associated  with  the  raised  beadies. 

5.  ^*Head"  or  talus  of  angular  fragments  lying  upon  the  raised 
beaches,  and  therefore  of  younger  date  than  the  latter, 

6.  Stream-tin  gravels,  evidently  older  than  the  forest  stratom. 

7.  Submerged  forests,  evidently  occupying  a  long  period  suhee- 
quent  to  the  deposition  of  the  stream-tin  gravels, 

8.  Eecent  marine  and  fiuviatile  deposits. 

In  conclusion  he  remarked  on  the  paucity  of  superficial  deposits 
in  Cornwall,  the  absence  of  evidence  of  glacial  conditioiis^  and  the 
proofs  of  great  changes  in  the  level  of  the  area. 

Discirssioir. 

Mr.  PAinsoir  said  he  would  have  liked  to  ask  Mr.  Ussher  why  ha 
divided  the  quartzose  gravels  (Tertiary)  from  the  boulders,  and 
called  the  boulders  drift-period  phenomena.  So  far  as  he  knew,  the 
latter  were  only  found  on  the  granite,  and  were  identical  with  it, 
and  80  appeared  to  be  local.  On  one  greenstone  district  there  was 
similarly  a  deposit  of  local  greenstone  sand  and  boulders. 

Mr.  Charleswokth  would  have  liked  to  ask  why  the  author  used 
the  term  Pleistocene,  as  he  had  said  nothing  about  a  Pleistocene 
percentage  in  the  fauna. 
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Mr.  W.  W.  Shtth  said  that  mach  of  the  material  in  the  paper  was 
already  familiar  to  students  of  Cornish  geology,  and  oonseqnently 
the  paper  would  have  been  greatly  improved  had  the  author  re* 
strioted  himself  far  more  to  his  own  observations.  Sir  H.  de  la 
Beche  had  touched  upon  some  of  these  points ;  and  till  the  paper 
was  welded  into  shape  it  was  very  difficult  to  form  an  opinion  on 
the  jostioe  of  the  author's  conclusions. 

Mr.  Ethbbibqb  said  it  was  very  difficult  to  strctly  apply  the 
term  Pleistocene  over  this  area,  owing  to  the  absence  of  fossils. 
There  might  have  been  Tertiary  beds  over  the  area,  but  there  was 
no  proof  of  it.  We  had  no  direct  evidence  to  guide  us,  Yery  good 
work  had  been  done  by  local  geologists ;  hence  it  was  necessary  to 
look  carefully  over  their  '  Transactions  *  to  be  sure  there  was  no 
repetition. 

Prof.  JxTDD  said  that  in  the  absence  of  the  author  he  would  do 
his  best  to  supply  the  information  asked  for.  He  thought  the 
author's  chief  reason  for  separating  the  boulder  and  quartzose  gravels 
was  their  different  level.  He  then  read  some  extracts  rendering 
more  dear  the  author's  views.  As  to  the  term  Pleistooene,  such 
few  fossils  as  were  named  were  living  forms;  but  it  must  be  remem- 
bered that  Prof.  E.  Forbes  used  the  term  in  a  very  different  sense 
from  that  in,  which  it  was  at  first  employed  by  Sir  Charles  LycU. 
Much  of  the  paper  was  made  up  of  extracts  &o.  from  the  ^Trans- 
actions of  the  Royal  Geological  Society  of  Cornwall '  and  other  pub- 
lications. 

Rock-sections  and  specimens  were  exhibited  by  Prof.  T.  G.  Bonney, 
in  illustration  of  his  paper. 


December  18, 1878. 

Hbhbt  Cuftojx  Sorbt,  Esq.,  P.R.8.,  President,  in  the  Chair. 

Rev.  Frederick  Charles  Lambert,  B.A.,  Arundel  House,  West  Hill, 
Sydenham;  Robert  Plant,  Esq.,  Cheadle  Park,  Cheadle,  Stafford- 
shire ;  and  Ernest  Swain,  Esq.,  90  Campden  Hill  Road,  W.,  were 
elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  "  On  Remains  o(  Mastodon  and  other  Yertebrata  of  tho  Miocene 
Beds  of  the  Maltese  Islands."  By  Prof.  A.  Leith  Adams,  M.B., 
F.R.S.,  F.G.S. 

2.  "Dinosauria  of  the  Cambridge  Greensand."  Parts  I.-VII. 
By  Prof.  H.  G.  Seeley,  F.L.S.,  F.G.S. 

Specimens  of  Dinosauria  were  exhibited  by  Prof.  T.  M*Kenny 
Hughes  in  illustration  of  Prof.  Seeley's  paper. 
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January  8,  1879. 
Henby  Clipton  Sorbt,  Esq.,  F.R.S.,  President,  in  the  Chair, 

Charles  Barrington  Brown,  Esq.,  Assoc.  R.S.M.,  115  Lansdowne 
Road,  Notting  HiU,  W. ;  Carl  Fischer,  M  J).,  F.L.S.,  Sydney ;  and 
William  Coles  Paget  Medlyootfc,  Esq.,  Ven,  Sherhome,  Dorsetshire, 
were  elected  Fellows ;  and  Dr.  F.  V.  Hayden,  Washington,  and 
V.  Jules  Marcou,  Salins,  Foreign  Memhers  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  "On  some  Tin-deposits  of  the  Malayan  Peninsula,''  By 
Patrick  Doyle,  Esq.,  C.E.  (Communicated  by  the  Rev.  T.  Wiltahiie, 
M.A.,  F.L.8.,  F.G.S.) 

2.  ^^Description  of  Fragmentary  Indications  of  a  huge  kind  of 
Theriodont  Reptile  {Titanosuchus  feroxy  Owen),  from  Beai^ort  West, 
Gough  Tract,  Cape  of  Good  Hope."  By  Prof.  R.  Owen,  C.B.,  F.R^, 
F.G.8. 

3.  '^  Notes  on  the  Consolidated  Beach  at  Pemambuco."  By  J.  C. 
Hawkshaw,  Esq.,  M.A.,  F.G.8. 


January  22, 1879. 

Fenby  Cupton  Sobbt,  Esq.,  F.R.S.,  President,  in  the  Chair. 

John  Edward  Marr,  Esq.,  B.A.,  St.  John's  College,  Cambridge ; 
and  Henry  Tryon  Wing,  Esq.,  Lieutenant  97th  Raiment,  Junior 
Ajmy  and  Navy  Club,  Grafton  Street,  W.,  were  elected  Fcdlows  of 
the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  specimens  were  presented  to  the  Museum  : — ^A 
series  of  specimens  of  Tin-ore,  contained  in  a  tray  made  of  the  tin 
from  the  district  of  Lamt,  Perak,  Malayan  Peninsula,  presented  by 
Patrick  Doyle,  Esq. ;  and  four  specimens  of  the  rock  of  the  Conadi* 
dated  Beach  at  Pemambuco,  presented  by  J.  G.  Hawkshaw,  Esq., 
F.G.S. 


1.  ''On  Community  of  Structure  in  Rocks  of  Dissimilar  Origiiu* 
By  Frank  Rutley,  Esq.,  F.G.S. 


The  following  communications  were  read  :- 

1.  "On  Community  of  Structure  in  Rocks 
y  Frank  Rutley,  Esq.,  F.G.S. 

2.  ''  Distribution  of  the  Serpentine  and  associated  Rocks,  with 
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their  Metallic  Ores,  in  Newfoundland."  By  Alexander  Murray,  Esq., 
C.M.G.,  F.G.S. 

Bocks  and  rock-Bections  were  exhibited  by  Mr.  F.  Eutley,  in 
iUufitration  of  his  paper. 


February  5, 1879. 

Henbt  Clifton  Sobby,  Esq.,  F.B.S.,  President,  in  the  Chair. 

Arthur  Ernest  Baldwin,  Esq.,  Sunnydale,  The  Avenue,  Lee,  S.E. ; 
James  Farie,  Esq.,  83  Highbury  Quadrant,  N. ;  Benjamin  Neeve 
Peach,  Esq.,  Assoc.  B.S.M.,  Melrose,  were  elected  FeUows  of  the 
Society* 

The  list  of  Donations  to  the  Library  was  read. 

The  President  announced -the  receipt  of  a  legacy  of  XIOOO,  be- 
queathed to  the  Society  by  the  late  Sydney  Ellis,  Esq.,  of  <'  The 
Newarke,"  Leicester. 

The  following  communications  were  read : — 

1.  *^  On  the  Occurrence  of  Pebbles  with  Upper-Ludlow  Fossils 
in  the  Lower  Carboniferous  Conglomerates  of  North  Wales.*'  By 
Aubrey  Strahan,  Esq.,  MJL.,  F.G.S.,  and  Alfred  0.  Walker,  Esq., 
FX.S. 

2.  "  On  a  New  Group  of  Pre-Cambrian  Bocks  (the  Arvonian)  in 
Pembrokeshire."  By  Henry  Hicks,  M.D.,  F.G.8.  With  an  Ap- 
pendix on  their  Microscopic  Structure  by  T.  Davies,  Esq.,  F.G.S. 

3.  "  On  the  Pre-Cambrian  (Dimetian,  Arvonian,  and  Pebidian) 
Bocks  of  Caernarvonshire  and  Anglesey."  By  Henry  Hicks,  M.D., 
F.G.8.  With  an  Appendix  on  their  Microscopic  Structure  by  the 
Bev.  Prof.  T.  G.  Bonney,  M.A.,  F.B.S.,  F.G.S. 

4.  '^  On  the  Quartz-felsite  and  Associated  Bocks  at  the  base  of 
the  Cambrian  Series  in  North-western  Caernarvonshire."  By  the 
Bev.  Prof.  T.  G.  Bonney,  M.A.,  F.B.S.,  F.G.S. 

6.  "  On  the  Metamorphic  Series  between  Twt  Hill,  Caernarvon, 
and  Port  Dinorwic."  By  the  Bev.  Prof.  T.  G.  Bonney,  M.A.,  F.B.S., 
F.G.S.,  and  F.  T.  S.  Houghton,  Esq.,  B.A. 

Specimens  were  exhibited  by  Mr.  Strahan,  Dr.  Hicks,  and  Prof. 
Bonney  in  illustration  of  their  papers. 
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ANNUAL    GENERAL   MBETIN9, 

February  21, 1879. 

HisirBY  CuFTOK  SoBBT,  Esq.,  F.£.S.|  President,  in  the  Chair. 

BbPOBT  07  ZHB  COITIVGII  FOR  1878. 

Ik  preaenting  their  Beporb  for  the  year  1878,  the  Conndl  of  tiie 
Geological  Society  regret  to  have  to  announce  to  the  FellowB  that 
the  extraordinary  prosperity  which  the  Society  has  enjoyed  during 
the  last  few  years  experienced  a  cheek,  prohaUy  only  of  a  temparary 
nature,  in  1878. 

The  number  of  new  Fellows  elected  during  the  year  is  55,  of 
whom  49  paid  their  fees  before  the  end  of  the  year,  making,  with 
8  previoudy  elected  Fellows  who  paid  their  fees  in  1878,  a  grosa 
increase  of  57  Fellows.  Against  this  we  have  to  set  the  loss  by  death 
of  37  Fellows  and  by  resignation  of  14  FellowB,  whilst  4  Fellowa 
were  removed  from  the  list  for  non-payment  of  contributions,  making 
a  total  loss  of  55  Fellows.  The  actual  increase  on  the  year  is  there- 
fore only  2  FellowB.  The  number  of  Oontributing  FeUowa  ii  in- 
creased by  8,  being  now  739. 

The  total  number  of  Fellows  and  Foreign  Members  and  Ooira* 
spondents  was  1417  at  the  end  of  the  year  1877,  and  1416  at  the 
end  of  the  year  1878. 

During  the  year  1878  intelligence  was  received  of  the  decease  of 
two  Foreign  Members  and  of  one  Foreign  Correspondent,  and  these 
vacancies  were  not  filled  up  at  tbe  dose  of  the  year. 

Owing  chiefly  to  the  falUng  off  in  the  number  of  new  Fellowa 
elected  (which  may  probably  be  regarded  as  temporary,  and  due  to 
the  prevailing  depression  in  commercial  affairs,  but  also,  in  part^ 
to  the  check  given  to  the  practice  of  compounding  by  the  increase 
of  the  Composition-fee,  authorized  by  a  Special  General  Meeting 
held  26th  June,  1877,  the  beneficial  effect  of  which  cannot  be  expe- 
rienced at  once),  the  total  Eeceipts  for  the  year  1878  were  decreased 
by  nearly  ^00,  being  only  ^2563  0<.  3(i.  At  the  same  time  the 
total  Expenditure  of  the  year,  which  was  little  in  excess  of  the 
Estimate  (founded  on  the  experience  of  1877)  submitted  to  the  last 
Annual  Meeting,  amounted  to  j£2748  As,  7d,,  showing  an  excess  of 
Expenditure  over  Income  of  X185  4s.  4d.  The  sum  of  MS  12$,  IM, 
was  invested  in  the  purchase  of  j671  9#.  lid.  Consols. 

As  some  relief  to  the  preceding  rather  gloomy  statement  of  the 
Finances  of  the  Society,   the   Council   have   much  pleasure  in 
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annotmciiig  the  receipt  from  the  Executors  of  the  late  Sydney  Ellis, 
Esq.,  of  "  The  Newarke,"  Leicester,  of  the  sum  of  ^1000,  bequeathed 
by  that  gentleman  to  the  Society,  free  of  Legacy  Duty.  This  sum 
has  been  invested  in  the  purchase  of  X1036  55.  5cf.  Beduoed  3  per 
Cent.  Stock.  The  late  Mr.  Ellis  not  having  been  a  Fellow  of  the 
Society,  the  bequest  is  the  more  gratifying. 

A  Special  Committee  of  the  Council  was  appointed  to  consider 
whether  some  saving  could  not  be  effected  in  the  cost  of  the  publi- 
cations of  the  Society,  and  it  is  hoped  that  by  carrying  out  their 
recommendations  a  considerable  reduction  of  expense  in  that  respect 
m^  be  made,  without  diminishing  the  value  of  the  publications. 

The  Council  have  to  announce  &e  completion  of  Vol.  XXXIV.  of 
the  Quarterly  Joamal  and  the  commencement  of  Vol.  XXXV. 

Mr.  F.  L.  Woodward  having  resigned  his  post  as  an  Assistant  in 
the  Library  and  Museum,  the  Council  have  appointed  Mr.  James 
Dallas  in  his  place. 

The  Council  have  awarded  the  Wollaston  Medal  to  Herr  Bemhard 
Studer,  F.M.Q.S.,  Professor  of  Geology,  Beme,  in  recognition  of 
his  long,  arduous,  and  important  labours  in  elucidating  the  Physical 
Structure  of  the  Alps  and  the  general  Geology  of  Switzerland. 

The  Murchison  Medal,  with  a  sum  of  ten  guineas  from  the  pro- 
ceeds of  the  Fund,  has  been  awarded  to  Frederick  M<Ooy,  Esq., 
F.G.S.,  Professor  of  Natural  Science  in  the  University  of  Melbourne, 
in  recognition  of  his  distinguished  services  to  PalsBontology  by 
his  former  labours  in  this  country,  and  still  more  by  those  which 
he  has  carried  out  during  his  residence  in  Australia  among  the 
fossil  remains  of  that  country. 

The  Lyell  Medal,  with  a  sum  of  twenty-two  guineas  fi-om  the 
proceeds  of  the  Fund,  has  been  awarded  to  M.  Edmond  Hubert, 
F.M.G.S.,  Professor  of  Geology  at  the  Sorbonne,  Paris,  in  recognition 
of  his  important  labours  in  the  classification  of  the  Cretaceous  series 
and  of  the  Tertiary  Deposits  both  of  France  and  England. 

The  Bigsby  Medal  has  been  awarded  to  Edward  D.  Cope,  Esq., 
of  Philadelphia,  in  recognition  of  his  valuable  services  to  Pakeon- 
tology,  especially  in  the  elucidation  of  the  Vertebrate  Fauna  of  the 
Western  Territories  of  the  United  States. 

The  Balance  of  the  Proceeds  of  the  Wollaston  Donation  Fund  has 
been  awarded  to  Samuel  Allport,  Esq.,  F.G.S.,  as  a  testimony  of  the 
worth  of  his  petrological  work,  and  to  assist  him  in  the  further 
investigation  of  the  British  igneous  rocks. 

The  Balance  of  the  Proceeds  of  the  Murchison  Geological  Fund 
has  been  awarded  to  J.  W.  Kirkby,  Esq.,  in  recognition  of  his  valu- 
able palseontological  work,  especially  upon  the  fossil  Entomostraca 
of  the  Permian  and  Carboniferous  formations,  and  to  assist  him 
in  the  prosecution  of  his  researches. 

The  Balance  of  the  Proceeds  of  the  Lyell  Geological  Fund  has 
been  awarded  in  equal  proportions  to  H.  A.  Nicholson,  Esq.,  M.D., 
D.Sc,  F.G.S.,  Professor  of  Natural  History  in  the  University  of  St. 
Andrews,  and  to  Henry  Woodward,  Esq.,  LL.D.,  F.R.S.,  F.G.8.:  to 
the  former  Iq  recognition  of  his  numerous  contributions  to  the 
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Falffiozoio  Palaeontology  of  North  America  and  Britain,  espedallj  in 
the  department  of  Corals,  and  to  assist  him  in  the  farther  proeecn- 
tion  of  his  researches ;  and  to  the  latter  in  recognition  of  his  nnme- 
rons  services  to  Geology,  and  more  especially  to  assist  him  in  his 
stndy  of  the  Fossil  Crastacea. 

The  Conndl  have  decided  to  devote  the  Proceeds  of  the  Barlow- 
Jameson  Fund  to  the  purchase  of  a  new  lOoroscope  and  to  ihe 
improvement  of  the  instrument  already  in  the  possession  of  tl» 
Society. 


BjEPOBT  of  THB  LiBBABT  AJTD  MuSETJU  CoKKTrfEB. 

Since  the  last  Anniversary  Meeting  of  the  Society  a  great  nomher 
of  valuahle  additions  have  heen  made  to  the  lihrary,  both  by 
donation  and  by  purchase. 

As  Donations  the  Lihrary  has  received  188  volumes  of  separately 
published  works  and  244  Pamphlets  and  separate  impressions  <^ 
Memoirs;  also  26  volumes  and  566  parts  of  the  publications  of 
various  Societies,  and  66  parts  of  independent  Periodicals  presented 
by  their  respective  Editors,  besides  14  complete  series  of  Newspap^s 
of  different  kinds.  This  will  constitute  a  total  addition  to  the 
Society's  library,  by  donation,  of  about  330  volumes  and  244 
Pamphlets. 

A  considerable  number  of  Maps,  Plans,  and  Sections  have  been 
added  to  the  Society's  collection  by  presentation  from  various  Geolo- 
logical  SurveyB,  from  the  Ordnance  Survey,  and  from  the  French 
Depot  de  la  Marine.    They  amount  in  all  to  222  sheets. 

These  Books  and  Maps  have  been  received  from  126  personal 
Donors,  the  Editors  or  Publishers  of  14  Periodicals,  and  153  Societies, 
Surveys,  or  other  PubUc  Bodies,  making  in  all  293  Donors. 

By  Purchase,  on  the  recommendation  of  the  Standing  Library 
Committee,  the  Library  has  received  the  addition  of  46  volumes  of 
Books,  and  of  39  parts  (making  7  volumes)  of  Periodicals,  besides 
38  parts  of  works  published  serially,  the  commencements  of  which 
were  obtained  in  previous  years.  75  Sheets  of  Maps  and  Sections 
have  also  been  obtained  by  purchase. 

The  cost  of  books  and  periodicals  during  the  year  1878  was 
X77  12*.  Sd.,  and  of  binding  ^68  95.  lOd. 

The  Books  in  the  Society's  Library  are  in  good  condition ;  and 
although  they  are  much  in  demand  among  the  Fellows,  the  list  of 
books  borrowed  and  retained  longer  than  the  period  allowed  by  the 
Library  Eegulations  has  been  constantly  very  small. 

Mr.  James  Dallas  has  been  appointed  an  Assistant  in  the  Labrsryf 
with  the  special  duty  of  preparing  a  complete  Catalogue  of  its 
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contents.  He  has  already  made  considerable  progress  with  the 
work,  which  it  is  hoped  may  be  completed  ready  for  printing  in  the 
coarse  of  the  ensuing  antnmn. 


Museum. 

The  Ck)llection8  in  the  Museum  are  generally  in  the  same  condition 
as  at  the  date  of  the  last  Eeport,  except  that  the  Mineralogical  Col- 
lection, which  had  become  very  dusty  and  somewhat  out  of  order, 
has  been  cleaned  and  put  to  rights. 

The  specimens  presented  to  the  Museum  are  not  numerous. 
They  indude  r^-Eossil  Bones  from  New  Zealand  and  Queensland, 
presented  by  R.  Cotton,  Esq.;  Eocks  and  Fossils  from  the  Arctic 
regions,  presented  by  lieut.  George  Le  Clerc  Egerton,  R.N. ;  Bock- 
specimens  and  thin  sections  from  the  '*  Greenstones  "  of  Eastern 
Cornwall,  presented  by  John  Arthur  Phillips,  Esq.,  F.G.S.;  spe- 
cimens of  Stromatoporce  Sro,  from  Dartington,  DcTonshire,  presented 
by  A.  Champemowne,  Esq.,  F.G.8. ;  specimens  of  the  rock  forming 
the  Pemambuco  Eeef,  presented  by  J.  C.  Hawkshaw,  Esq.,  F.G.8. ; 
specimens  of  Tin-ore  from  Lamt,  Perak,  presented  by  P.  Doyle, 
Esq. ;  models  of  bones  of  the  Pygmy  Elephant  firom  Malta,  presented 
by  Bear- Admiral  Spratt,  C.B.,  F.B.S.,  F.G.S.;  and  a  model  of  the 
^donan  Gold  Nugget,  presented  by  Prof.  Tennant,  F.G.S. 

From  Dr.  F.  V.  Hayden,  FJi.G.S.,  Director  of  the  U.S.  Geological 
and  Geographical  Survey  of  the  Territories,  the  Society  has  received 
a  Geological  model  of  the  Elk  Mountains  of  Central  Colorado,  and  a 
relief  Map  of  the  Yellowstone  National  Park. 
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CoUFASlAXTTM  BtATSMMST  OV    tab  NdMBBB  of  TH3    SOCIBIT  AT  TBS 
CL08B  OF  THE  TEABS   1877  AlO)   1878. 

Dec.  31, 1877.  Dec  31, 1878. 

CompoTinders 302  308 

Contributing  Fellows 731  739 

Non-contribnting  Fellows . .         301  289 

1334  1336 

Honorary  Members ......              3  3 

Foreign  Members 40  38 

Foreign  Correspondents  . .            40  39 

1417  1416 


OeMral  SUUemmt  explanatory  of  the  Alteration  in  the  Numher^ 
Felloivs,  Honorary  Members^  ^c,  at  the  close  of  the  years  1877 
and  1878. 

Number  of  Compounders,  Contributing  and  Non-  \  ^ qo. 

contributing  Fellows,  December  31,  1877  --    t 

Add  Fellows  elected  during  former  year  and  paid  1  « 

in  1878    /  ^ 

Add  Fellows  elected  and  paid  in  1878   .  .* 49 

1391 

Deduct  Compounders  deceased 4 

Contributing  Fellows  deceased 21 

Non-contributing  Fellows  deceased 12 

Contributing  Fellows  resigned 13 

Non -contributing  Fellow  resigned    ....  1 

Contributing  Fellows  removed 4 

55 

1336 

Number  of   Honorary    Members,   Foreign  "j 

Members,    and   Foreign  Correspondents,  I       83 
December  31,  1877 J 

Deduct  Foreign  Members  deceased 2 

Foreign  Correspondent  deceased ....       1 

3 

—        80 

1416 
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Dbcsasbd  Fsliows. 


Cimpom^dtrs  (4). 


C.  Care,  Esq. 

Sir  J.  Matheson,  Bart. 


T.  E.  W.  Walker,  Esq. 
Sir  P.  M.  Williams,  Bart. 


Besident  and  other  Contributing  Fellows  (21). 


T.  Belt,  Esq. 

Gen.  A.  C.  Bentinck. 

A.  Browning,  Esq. 

Rev.  D.  Charles. 

K.  Daintree,  Esq. 

Dr.  F.  G.  Finch. 

A.  Heatherington,  Esq. 

E.  B.  Jenkinson,  Esq. 

N.  Kendall,  Esq. 

The  Right  Hon.  Lord  Kinnaird. 

D.  Knapping,  Esq. 


G.  Loch,  Esq. 

T.  Lovell,  Esq. 

W.  G.  M-^Murtrie,  Esq. 

J.  Miller,  Esq. 

J.  Petherick,  Esq. 

R.  Pictor,  Esq. 

J.  G.  Sawkins,  Esq. 

S.  Smirke,  Esq. 

A.  White,  Esq. 

J.  Wyatt,  Esq. 


Nonreontnhuting  Fellows  (12). 


J.  Brayender,  Esq. 
Rer.  W.  B.  Clarke. 
S.  W.  Feam,  Esq. 
Sir  R.  J.  Grifath,  Bart. 
Prof.  R.  Harkness. 
Dr.  W.  Humble. 


Rey.  J.  L.  Oldham. 

Dr.  T.  Oldham. 

Dr.  C.  Pope. 

J.  Rofe,  Esq. 

The  Ven.  Archdeacon  Thorp. 

R.  Trotter,  Esq. 


Foreign  Mmhers  (2). 
Count  A.  Brennner.  |   Gen.  G.  yon  Eelmersen. 

Foreign  Correspondent  (1). 
Marquis  de  Yibraye. 
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FeUows  Bengned  (14). 


C.  Bramell,  Esq. 

C.  Cadle,  Esq. 

Capt.  R.  C.  Clipperton. 

Dr.  M.  G.  R.  Fritzgartner. 

W.  Gibb,  Esq. 

The  Hon.  Sir  A.  H.  Gordon. 

8.  H.  Harlowo;  Esq. 


D.  D.  Heath,  Esq. 
Capt.  0.  E.  Luard. 
W.  C.  Roberts,  Esq, 
T.  J.  Sells,  Esq. 
lieut-CoL  W.  8.  ShenrilL 
A.  Underbill,  Esq. 
Dr.  J.  H.  Wheatley. 


FWows  Removed  (4). 

Rev.  J.  Bleasdale.  I   S.  Highley,  Esq. 

W.  M.  Cameron,  Esq.  |   J.  WhitEeld,  Esq. 


After  the  Reports  had  been  read,  it  was  resolred : — 

That  they  be  received  and  entered  on  thelfinntee  of  the  Meeting, 
and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 
and  distributed  among  the  Fellows. 


It  was  afterwards  resolved : — 

That  the  thanks  of  the  Society  be  given  to  R.  Etheridge,  Esq., 
and  J.  Evans,  Esq.,  retiring  from  the  office  of  Yioe-FresidentB. 

That  the  thanks  of  the  Society  be  given  to  Professor  W.  Boyd 
Dawkins,  R.  Etheridge,  Esq.,  J.  Evans,  Esq.,  F.  G.  H.  Price,  Esq., 
and  R.  H.  Scott,  Esq.,  retiring  from  the  Council. 


After  the  Balloting-glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensuing 
year:— i 
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OFFICERS. 

PBESIDE^'T. 
H.  C.  Sorby,  Esq.,  F.K.S. 

VICE-PRESIDENTS, 

Prof.  P.  Martin  Duncan,  M.B.,  F.R.S. 

Sir  P.  de  M.  Grey-Egerton,  Bart.,  M.P.,  F.R.8. 

Prof.  J.  Prestwich,  M.A.,  F.R.S. 

Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S. 

SECRETARIES. 

Prof.  T.  G.  Bonney,  M.A.,  F.R.S. 
Prof.  J.  W.  Judd,  F.R.8. 

FOREIGN  SECRETARY. 
W.  W.  Smyth,  Esq.,  M.A.,  F.R.S. 

TREASURER. 
J.  Gwyn  Jeffreys,  LL.D.,  F.R.S. 


COUNCIL. 


H.  Bauerman,  Esq. 

Prof.  T.  G.  Bonney,  M.A.,  F.R.S. 

Prof.  P.  Martin  Duncan,  M.B., 

F.R.S. 
Sir  P.  de  M.  Grey-Egerton,  Bart., 

M.P.,  F.R.S. 
J.  Clark  Hawkshaw,  Esq.,  M.A. 
H.  Hicks,  M.D. 
W.  H.  Hudleston,  Esq.,  M.A. . 
Prof.  T.  M^'Kenny  Hughes,  M.A. 
J.  W.  Hulke,  Esq.,  F.R.S. 
J.  Gwyn  Jeffreys,  LL.D.,  F.R.S. 
Prof.  T.  Rupert  Jones,  F.R.S. 

VOL.  XXXV. 


Prof.  J.  W.  Judd,  F.R.S. 

Prof.    N.   8.   Maskelyne,    M.A., 

F.R.S. 
J.  Morris,  Esq.,  M.A. 
R.  W.  Mylne,  Esq.,  F.R.S. 
J.  A.  Phillips,  Esq. 
Prof.  J.  Prestwich,  M.A.,  F.R.S. 
Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S. 
Prof.  H.  G.  Seeley,  F.L.S. 
W.  W.  Smyth,  Esq.,  M.A.,  F.R.S. 
H.  C.  Sorby,  Esq.,  F.R.S. 
AdmiralT.A.B.  8pratl,C.B.,F.R.S. 
Rev.  T.  Wiltshire,  M.A.,  F.L.S. 
b 
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LIST  OF 

THE  FOREIGN  MEMBERS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  w  1878. 

Dftteof 


.827.  Dr.  H.  von  Dechen^  Bonn, 

829.  Dr.  Ami  Bou^,  Vienna, 

844.  William  Barton  Rogers,  Esq.,  BodoHy  U.  8. 

848.  ZhmfiBlbXij'Eafi,yA]hmy,8taUofNewYork, 

850.  Professor  Bemhard  Studer,  Berne, 

851.  Professor  James  D.  Dana,  New  Haven,  CwmeeUeut, 
851.  Professor  Angelo  Sismonda,  Turin, 

853.  Count  Alexander  von  Kejserling,  RayhHUj  TiA  Beval,  Ettkoma^ 
Buseia, 

853.  Professor  L.  G.  de  Eoninck,  Li4ge. 

854.  M.  Joachim  Barrande,  Prague, 

856.  Professor  Robert  W.  Bunsen,  For.  Mem.  RS.,  Heidelberg, 

857.  Professor  H.  R  Gk)eppert,  Breslau, 
857.  Professor  H.  B  Geinitx,  Dreiden. 
857.  Dr.  Hermann  Abich,  Vienna, 
.859.  Professor  A.  Delesse,  Fiaris, 

859.  Dr.  Ferdinand  Roemer,  Breslau, 

860.  Dr.  H  Milne-Edwards,  For.  Mem.  RS.,  Paris. 
862.  Professor  Pierre  Merian,  Bask, 

864.  M.  Jules  Desnoyers,  Paris, 

6.  Dr.  Joseph  Leidy,  Philadelphia, 

.867.  Professor  A.  Daubr^,  Paris. 

870.  Professor  Oswald  Heer,  Zurich. 
Sn.  Dr.  S.  Nilsson,  iimrf. 

87L  Dr.  Henri  Nyst,  5rMMg&. 

871.  Dr.  Frana  Ritter  von  Hauer,  Vienna. 
.874.  Professor  Alphonse  Favre,  Geneva. 
874.  Professor  B.  Gastaldi,  Turin. 

874.  Professor  E.  Hubert,  Jkim. 

874.  Professor  Edouard  Desor,  Neuchdtel. 
874  Professor  Albert  Gaudry,  Paris. 

875.  Professor  Paul  Gervais,  Paris. 

875.  Professor  Fridolin  Sandberger,  Wiirzburg. 

875.  Professor  Theodor  Igerul^  Christiania. 

875.  IVofessor  F.  August  Quenstedt,  Tubingen. 

.876.  Professor  E.  Beyrich,  Berlin. 

877.  Dr.  J.  F.  Brandt,  St,  Petersburg. 

877.  Dr.  Carl  Wilhehn  Giimbel,  Munich. 

B77.  Dr.  Eduard  Suees,  Vienna, 
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LIST  OF 
THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1878. 

Dftteof 
Bleotion. 

1863.  J)T.Q.F,Jiger,8Mtffart. 

1863.  M.  Nikolai  yon  Kokscharow,  Si,  Pttersburg, 

1863.  M.  S.  LoT^n,  iS^ocA^^m. 

1868.  Count  A.  G.  Marechall,  Viemia, 
1863.  Professor  G.  Meneghini,  Pisa, 
1863.  Signor  Giuseppe  Ponzi,  Rome, 
1863.  Signor  Q.  Sella,  Turin, 

1863.  Dr.  F.  Senft,  Eisenach, 

1864.  M.  J.  Bosquet,  ilfoM^ne^. 

1864.  Br.  J.  J.  S.  Steenstrup,  Copenhagen, 

1864.  Dr.  Charles  Martins,  Mon^JUer, 

1866.  Professor  J.  P.  Lesley,  PhiladelpfUa. 

1866.  Professor  Victor  Raulin,  Bordeaux, 

1866.  Baron  Achille  de  Zigno,  Padua. 

1867.  Professor  Bemhard  Cotta,  Freiburg, 

1869.  Professor  A.  E.  Nordenskiold,  Stockholm, 
1860.  Professor  F.  Zirkel,  Leipzig, 

1870.  Professor  Joseph  Szabo,  Pesth, 

1870.  Professor  Otto  Torell,  Zti/k^. 

1871.  Professor  G.  Dewalque,  Zi^ge, 
1871.  M.  Henri  Coquand,  Marseilies, 

1871.  Professor  Gioyanni  CapeUini,  Bologna, 

1872.  Herr  Dionys  Stur,  Vienna, 

1872.  Professor  J.  D.  Whitney,  Cambridge,  U,  S. 

1874  Professor  Igino  Cocchi,  Florence, 

1874.  M.  Gustave  H.  Ootteau,  Auxerre, 

1874.  Professor  W.  P.  Schimper,  Strashurg, 

1874.  Professor  G.  Seguenza,  Messina, 

1874.  Dr.  J.  S.  Newberry,  New  York, 

1874.  Dr.  T.  C.  Winkler,  Haarlem, 

1875.  Dr.  F.  V.  Hayden,  Washington, 

1876.  M.  Jules  Marcou,  Salins, 

1875.  Professor  Gustav  Tschermak,  Vienna, 

1876.  Professor  Jules  Gosselet,  Lille, 

1876.  Professor  Ludwig  Rutimeyer,  Basle, 

1877.  Professor  George  J.  Brush,  New  Haven, 
1877.  Professor  A.  L.  0.  Des  Cloizeaux,  Paris, 
1877.  Professor  E.  Renevier,  Lausanne, 

1877.  Count  Gaston  de  Saporta,  Aix-en-Provence, 
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PB0CEEDIKG8  OF  THE  GEOLOGICAL  SOCIETY. 


AWARDS  OF  THE  WOLLASTON  MEDAL 


UNDER  THE   CONDITIONS   OP  THE    *' DONATION    rUND*' 


XSTABLISHBD  BT 

WILLIAM  HYDE  WOLLASTON,  M.D.,  P.B.S.,  F.G^..  Ac. 

"  To  promote  leseazches  concerning  the  mineral  stmctnre  of  the  earth, 
and  to  enable  the  Ck>uncil  of  the  G^logical  Society  to  reward  tboae 
individuals  of  any  country  by  whom  such  researches  may  hereafter  be 
made/' — ''such  individual  not  being  a  Member  of  the  CJounciL" 


1831. 
1835. 
1836. 

1837. 

1838. 
1839. 
1840. 
1841. 
1842. 

1843. 

1844 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 

1853. 

I85i. 
1855. 
1856. 


Mr.  William  Smith. 
Br.  G.  A.  Mantell. 
M.  L.  Agassiz. 
I  Capt.  T.  P.  Cautley. 
I  Dr.  H.  Falconer. 
Professor  R,  Owen. 
Professor  0.  G.  Ehrenberg. 
Professor  A.  H.  Dumont. 
M.  Adolphe  T.  Brongniart. 
Baron  L.  von  Buch. 

iM.  Elie  de  Beaumont 
M.  P.  A.  Dufi^noy. 
The  Rev.  W.  D.  Conybeare. 
Professor  John  Phillips. 
Mr.  William  Lonsdale. 
Dr.  Ami  Bou^. 
The  Rev.  Dr.  W.  Buckland. 
Professor  Joseph  Prestwich. 
Mr.  William  Hopkins. 
The  Rev.  Prof.  A.  Sedgwick. 
Dr.  W.  H.  Fitton. 

{M.  le  Vicomte  A.  d'Archiac 
M.  E.  de  VemeuiL 
Sir  Richard  Griffith. 
Sir  H.  T.  De  la  Beche. 
Sir  W.  E.  Logan. 


1857. 

185a 


1860. 
1861. 
1862. 

1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1870. 


M.  Joachim  Barrande. 

illerr  Hermann  von  Meyer. 
Mr.  James  HalL 
Mr.  Charles  Darwin. 
Mr.  Searles  V.  Wood. 
Professor  Dr.  H.  G.  Bronn. 
Mr.  Robert  A  C.  Godwin- 
Austen. 
Professor  Gustav  BischoC 
Sir  R.  I.  Muichison. 
Mr.  Thomas  Davidson. 
Sir  Charles  Lyell. 
Mr.  G.  Ponleti  Scropc. 
Professor  Carl  F.  Nanmann. 
Mr.  H.  C.  Soiby. 
Professor  G.  P.  Deahayesi 
Professor  A.  C.  Ramsay. 
Professor  J.  D.  Dana. 
Sir  P.  de  M.  Grey-Eg^ioa. 
Professor  Oswald  Hecr. 
Professor  L.  G.  de  KonincL 
Professor  T.  H.  Huxley. 
Mr.  Robert  Mallet 
Dr.  Thomas  Wright 
Professor  Bemhard  Studer. 
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AWARDS 


OP  THE 


BAL.VNCE  OF  THE  PROCEEDS  OF  THE  WOLLASTON 
«  DONATION-FUND." 


1831.  Mr.  William  Smith. 

1833.  Mr.  William  Lonsdale. 

1834.  M.  Louis  Agassiz. 

1835.  Dr.  G.  A.  MantelL 

1836.  Professor  G.  P.  Deshayes. 

1838.  Professor  Richard  Owen. 

1839.  Professor  C.  G.  Ehrenberg. 

1840.  Mr.  J.  De  Carlo  Sowerby. 

1841.  Professor  Edward  Forbes. 

1842.  Professor  John  Morris. 

1843.  Professor  John  Morris. 

1844.  Mr.  WiUiam  Lonsdale. 

1845.  Mr.  Geddes  Bain. 

1846.  Mr.  William  Lonsdale. 

1847.  M.  Alcide  d'Orbigny. 

ifiLiQ  J  Cape-of-Good-Hope  Fossils. 
^^^-  I M.  Alcide  d'Orbigny. 

1849.  Mr.  William  Lonsdale. 

1850.  Professor  John  Morris. 

1851.  M.  Joachim  Barrande. 

1852.  Professor  John  Morris. 

1853.  Professor  L.  G.  de  Koninck. 

1854.  Mr.  S.  P.  Woodward. 

1855.  Drs.  G.  and  F.  Sandberger. 

1856.  Professor  G.  P.  Deshayes. 


1857.  Mr.  S.  P.  Woodward. 

1858.  Mr.  James  HaU. 

1859.  Mr.  Charles  Peach. 

J  Professor  T.  Rupert  Jones. 
1800.  j  Mr.  W.K.  Parker. 

1861.  Professor  A.  Daubr^. 

1862.  Professor  Oswald  Heer. 

1863.  Professor  Ferdinand  SenfL 

1864.  Professor  G.  P.  Deshayes. 

1865.  Mr.  J.  W.  Salter. 

1866.  Mr.  Henry  Woodward. 

1867.  Mr.  W.  H.  BaUy. 

1868.  M.  J.  Bosquet 

1860.  Mr.  W.  Carruthers. 

1870.  M.  Marie  Rouault 

1871.  Mr.  R.  Etheridge. 

1872.  Mr.  James  CroU. 
187a  Professor  J.  W.  Judd. 

1874.  Dr.  Henri  Nyst 

1875.  Mr.  L.  C.  MiaU. 

1876.  Professor  Giuseppe  Seguenza. 

1877.  Mr.  R.  Etheridge,  Jun. 

1878.  Mr.  W.  J.  SoUas. 

1879.  Mr.  S.  AUport. 
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AWARDS  OF  THE  MURCHISON  MEDAL 

Ain>  OF  THE 

PROCEEDS  OF  "THE  MURCHISON  GEOLOGICAL  FUND," 

ESTABLISHED  UNDER  THE  WILL  OF  THE  LATE 
SIB  BODEBICK  IMFBT  MUBCHISON,  Bast..  F3J3.,  F.G^ 

''  To  be  applied  in  OTery  consecutiYe  year  in  such  manner  as  the  Cooncil 
of  the  Society  may  deem  most  useful  in  adyancing  geological  flcieacei, 
whether  by  granting  sums  of  money  to  travellers  in  pursuit  al  know- 
ledge, to  authors  of  memoirs,  or  to  persons  actually  employed  in  any 
inquiries  bearing  upon  the  scienoe  of  geology,  or  in  rewarding  any 
such  travellers,  authors,  or  other  persons,"  and  the  Medal  to  bo  gmn 
to  some  person  to  whom  such  Council  shall  grant  any  sum  of  ma&tj 
or  recompense  in  respect  of  geological  science.*' 


1873.  Mr.  William  Davies.  MedaL 

1873.  Professor  Oswald  Heer. 

1874.  Dr.  J.  J.  Bigsby.    MedaL 
1874.  Mr.  Alfred  BelL 

1874.  Mr.  Ralph  Tate. 

1875.  Mr.W.J.Henwood.   Medal 

1876.  Prof.  H.  G.  Seeley. 

1876.  Mr.ARC.Selwyn.  Medal- 


1876.  Mr.  James  CrolL 

1877.  Rev.  W.  B.  Clarke.    MedaL 

1877.  Rev.  J.  F.  Bbke. 

1878.  Br.  H.  R  Geinits.    Medal. 

1878.  Mr.  C.  Lapworth. 

1879.  ProfeeeoT  F.  M'Coy.   MedaL 
1879.  Mr.  J.  W.  Kirkby. 


AWARDS  OF  THE  LYELL  MEDAL 

AND  OF  THE 

PROCEEDS  OF  THE  "LYELL  GEOLOGICAL  FUND," 

ESTABLISHED   XJNDEK   THE   WILL  AND    CODICIL    OF   THE    LATE 
SIB  CHABLES  LYELL,  Babt.,  RRS.,  P.G.a 

The  Medal  '^to  be  given  annually''  (or  from  time  to  time)  "as  a  ma^  of 
honorary  distinction  as  an  expression  on  .the  part  of  the  governing 
body  of  the  Society  that  the  Medallist  has  deserved  well  of  the 
Science/' — ^^  not  less  than  one  third  of  the  annual  interest  [of  tbs 
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fund]  to  accompany  the  Medal,  the  remaining  interest  to  be  given  in 
one  or  more  portions  at  the  discretion  of  the  Council  for  the  encou- 
ragement of  Geology  or  of  any  of  the  allied  sciences  by  which  they 
shall  consider  Qeology  to  have  been  most  materiaUy  advanced.'' 


1876. 


Me- 


Professor  John  Morris. 
dal. 
1877.  Dr.  James  Hector.    Medal. 

1877.  Mr.  W.  PengeUy. 

1878.  Mr.  Q.  Busk.    Medal. 


1878.  Dr.W.  Waagen. 

1879.  Professor  Edmond  Hubert. 

Medal. 
1879.  Professor  H.  A.  Nicholson. 
1879.  Dr.  Henry  Woodward. 


AWARD  OF  THE  BIGSBY  MEDAL, 

FOUKOBB  BY 

Db.  J.  J.  BIGSBY,  F.R.S.,  F.G.S. 

To  be  awarded  biennially  "aa  an  acknowledgment  of  eminent  services 
in  any  department  of  Geology,  irreepectiTe  of  the  receiver's  country ; 
but  he  must  not  be  older  than  45  years  at  his  last  birthday,  thus 
probably  not  too  old  for  further  work,  and  not  too  young  to  have  done 
much.'* 


1877.  Professor  0.  0.  Marsh. 


I    1879.  Professor  E.  D.  Cope. 
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Estimates  for 

INCOME  EXPECTED. 

£     «.    tf.       £     9.    i. 
Due  fur  Subscriptions  for  Quarterly  Journal  (con- 
sidered good) 3     2    0 

Due  for  Arrears  of  Annual  Contributions 171   1 1     6 

Due  for  Arrears  of  Admission-fees 31  10    0 

206    8    6 

Estimated  Ordinary  Income  for  1879. 
Annual  Contributions : — 

From  Resident  Fellows,  and   Nou- residents 

of  1859  to  1861    1294  15    0 

Admission-fees  (supposed)      245  14    0 

Compositions  (supposed)     189    0    0 

Annual  Contributions  in  advance   12  12    0 

Dividends  on  Consols  and  Reduced  3  per  Cents  237  10    S 

Advertisements  in  Quarterly  Journal 7  10    0 

Sale  of  Transactions,  Proceedings,  Library-cata- 
logues, Ormerod'slndei,and  Hochstetter'sNew 

Zealand 5    0    0 

•Sale  of  Quaiterly  Journal 150    0    O 

Sale  of  Geological  Map 10    0    0 

166    0    0 

•Also  due  from  Longman  and  Co.  in  June 62  13    6 

Balance  against  the  Society  134  18    4 

£2555  17    0 


J.  GWYN  JEFFREYS,  Trras. 
Feb.  6,  1879. 
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the  Year  1879. 


eXPBNDITURB  ESTIMATED. 

£    $.  d.       £    t. 

General  Expenditure : 

Taxes  and  Iniarance 24    0    0 

Fomitare    12    0    0 

House-repairs    40    0    0 

Fuel    30    0    0 

Light 30    0    0 

Miscellaneous  House-expenses     130    0    0 

Stationery 30    0    0 

Miscellaneous  Printing 75    0    0 

Tea  for  Meetings 20    0    0 

391     0 

Salaries  and  Wages : 

Assistant  Secretary  350    0    0 

Clerk  ^ 140    0    0 

Assistants  in  Library  and  Museum 165    0    0 

House  Steward 105    0    0 

Housemaid     40    0    0 

Occasional  Attendants 7  10    0 

Accountant    7    7    0 

814  \7 

Library 150    0 

Museum    5    0 

Miscellaneous  Expenditure 75    0 

Diagrams  at  Meetings   10    0 

Pablications :  Quarterly  Journal      1000    0    0 

Abstracto    110    0    0 

1110    0 


je2555  17    0 


VOL.  XXXT. 
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Income  and  Expenditure  dwring  the 

RBCBIPTS. 

£     %.     d.      £     M.    d. 
Balance  at  Bankers',  January  1,  1878 311  12  10 

Balance  in  Clerk's  hands,  January  1,  1878.     18  17     8 

330  10    6 

Compositions     220  10    0 

Arrears  of  Admission-fees     50     8     0 

Admission-fees,  18/8    308  14    0 

359     2    0 

Arrears  of  Annual  Contributions 163     5    6 

Annual  Contributions  for  1878,  viz. : — 

Resident  Fellows      £1240    3    0 

Non-Resident  Fdlows ...       31  10    0 

1271   13    0 

Annual  Contributions  in  advance 18  18  0 

Journal-Subscriptions  in  advance 1   12  8 

Dividends  on  Consols    205  17 

Taylor  &  Francis :  Advertisements  in  Journal,  Vol.  33 . .  7     8  0 

Grant  from  H.M.  Treasury 36     0  0 

Publications : 

SaleofJom-ntl,  Vols.  1-33     148  11     6 

Vol.34* 101  19    3 

Sale  of  Transactions 0    6    0 

Sale  of  Geological  Map    22    9    2 

Sale  of  Ormerod's  Index 3  19  11 

Sale  of  Hochstetter's  New  Zealand    0    8    0 

Sale  of  Library  Catalogues 018    0 

278  13  10 


We  have  compared  the  Books  and 
Accounts  presented  to  us  with  this 
statement,  and  we  find  them  to  agree. 


(Signed)  H.  BAUEBMAN,  1    .   ..,  ioooo  ia    o 

J.  8.  GARDNER, /^•'*'^'"*-  ^^^^^  ^^    ^ 

Jan.  28,  1879. 

*Dae  from  Messrs.  Longman,  in  addition  to  the  above,  on  Journal, 

Vol.34,&c    62  13    6 
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Year  ending  December  Slst,  1878. 

EXPENDITURE. 

Gkneral  Expenditure :  £   $.  d.         £   $.    d. 

Taies   11  17  6 

Fire-insurance   12    0  0" 

Furniture    1118  5 

House-repairs    38    4  8 

Fuel    28  16  3 

Light 25  11  4 

Miscellaneous  House-expenses 126  10  5 

Stationery 26    8  U 

Miscellaneous  Printing 73    3  3 

Tea  at  Meetings    19  13  9 

374     4     6 

Salaries  and  Wages : 

Assistant  Secretary  350^   0  0 

Clerk 140  o  0 

Library  and  Museum  Assistants 119  3  4 

House  Steward 10&  0  0 

Housemaid    40  o  0 

Occasional  Attendants 7  10  0 

Accountant 7  7  0 

769     0     4 

^^rBry I45     2     6 

Soiree    68     5  10 

„      less  amount  paid  by  the  President. .     34     2  11 

34     2  11 

Miscellaneous  Expenses    53     q     j 

Diagrams  at  Meetings 9  I3     q 

Investment  in  4671  9s.  lid.  Consols    68  12  10 

Publications : 

Geological  Map 12    6  0 

Journal,  Vols.  1-33 14  16  4 

Vol.34    1213    0  9 

Abstracts    106  18  2 

1347     1     3 

Balance  in  Bankers'  hands,  Dec.  31,  1878.     67     6  10 

Balance  in  Clerk's  hands,  Dec.  31,1878  ..        9     6     6 

76     13     4 


£2893  10    9 
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Award  of  the  Wollaston  Medal. 

The  Keports  of  the  Coonoil  and  of  the  Committees  having  been 
read,  the  President,  Hbkrt  Cupton  Sorbt,  Esq.,  F.R.8.,  presented 
the  Wollaston  Gold  Medal  to  Prof.  IIamsat  for  transmission  to  Prof. 
Bernhabd  Studer,  F.M.6.8.,  and  addressed  him  as  follows : — 

Professor  Eamsat, — 

In  forwarding  the  Wollaston  Medal  to  Bemhard  Studer,  I  tmst  that 
you  will  tell  him  with  what  unanimity  the  Council  awarded  it  to 
him  as  a  token  of  their  high  esteem  for  his  long  and  arduous  ser- 
vices in  the  cause  of  science,  commencing  upwards  of  sixty  years  ago, 
and  continued  uninterruptedly  down  to  the  present  time.  We  must, 
I  think,  regard  him  as  the  father  of  Swiss  geology,  and  to  him  wo 
are  greatly  indebted  for  our  present  knowledge  of  the  structure  of 
his  native  country,  to  which  his  publications  have  been  mainly, 
though  not  exclusively,  devoted.  I  may  especially  refer  to  his 
earlier  and  later  works  on  the  geology  of  Switzerland  and  the  ad- 
joining countries,  and  to  his  map  of  Switzerland,  which,  though 
published  twenty-^even  years  ago,  is  still  the  best  we  possess.  In 
fact,  Studer's  name  is  so  indissolubly  associated  with  that  country, 
and  his  services  in  the  cause  of  our  science  have  been  so  long  known 
to  British  geologists,  that  I  need  say  little  more  than  that  we  pre- 
sent the  Medal  to  him  as  our  great  instructor  in  the  geology  of  one 
of  the  most  interesting  and  attractive  districts  of  Europe. 

Prof.  BAMSAT,in  reply,  said  that  he  held  in  his  hand  a  letter  from 
Prof.  Studer,  in  which  he  ofifered  his  best  thanks  to  the  Geological 
Society  for  having  judged  his  endeavours  to  advance  the  geology 
of  the  Alps  and  Switzerland  worthy  of  the  Wollaston  Medal,  and 
expressed  his  regret  that  his  advanced  age  of  nearly  eighty-five 
years  prevented  his  being  present  to  receive  it  in  person.  Prof. 
Bamsay  added  that  he  felt  it  a  great  privilege  to  be  allowed  to  re- 
ceive the  Medal,  and  that  he  should  have  much  pleasure  in  forward- 
ing it  to  his  venerable  friend,  who,  he  was  sure,  would  be  much 
gratified  by  the  terms  in  which  the  President  had  spoken  of  him. 
Prof.  Studer  spoke  of  his  eighty-five  years ;  but  ProJ*.  Ramsay  had 
seen  him  in  Berne  only  five  years  ago,  when  he  was  as  bright  and 
almost  as  active  as  the  youngest  Fellow  of  the  Society. 


Award  of  the  Mtfrchison  Medal. 

The  President  next  handed  the  Murchison  Medal  to  Prof.  Morris 
for  tranamission  to  Prof.  M'Coy,  F.G.8.,  and  addressed  him  as  fol- 
lows:— 

Prof.  Morris, — 
In  forwarding  the  Murchison  Medal  to  Prof.  M-Coy,  you  will,  I 
VOL.  x\x\,  (I 
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trust,  inform  him  that  the  Council  has  awarded  it  to  him  for  \m 
palsBontological  researches.  These,  to  a  considerable  extent,  hsf« 
been  directed  to  the  older  Palseozoic  rocks,  of  which  the  donor  of  liw 
medal  was  the  distinguished  expounder.  During  his  early  laboora. 
Prof.  M'Coy  described  many  forms  collected  by  the  late  Sir  Biduri 
Grffiith  from  the  Silurian  and  Carboniferous  rocks  of  Ireland ;  and 
subsequently,  while  at  Cambridge,  associated  with  Prof.  Sedgwick, 
he  published,  in  the  S3mop8i3  of  the  British  Palseozoie  Boda^  de- 
scriptions of  the  fossils  collected  by  that  veteran  geologist.  I>izxi]ig 
his  residence  in  Australia  for  some  years  past  as  Professor  of  Geo- 
logy jn  Melbourne  University,  he  has  chiefly  directed  his  attention  to 
the  Palaeontology  and  Geology  of  that  country,  more  especially  of  ths 
Colony  of  Victoria ;  and  besides  other  published  papers,  he  has  pre- 
pared five  decades  of  Tictorian  organic  remains^  characteristic  oi  the 
different  formations. 

Prof.  MoBRis  replied : — 
Mr.  Pbesidsitt, — 

I  have  much  pleasure  in  receiving  for  transmission  to  Prof.  MOoy 
this  token  of  the  value  with  which  his  labours  for  the  advanoemeBi 
of  geolo^cal  and  palsBontological  science  are  r^aided  by  the  Coondl 
of  the  Geological  Society.  I  cannot  but  feel  that  in  bis  dirtant^ 
adopted  home  Prof.  M^Coy  will  highly  estimate  and  fnUy  appreciate 
this  recognition  of  his  researches  on  Palffiozoio  organic  remains  and 
allied  subjects.  At  the  same  time  I  trust  it  will  still  further  stimTi- 
late  him  to  continue  the  publication  of  those  illustrated  works  which 
he  has  so  successfully  commenced  on  the  geology,  palaeontology,  and 
recent  natural  history  of  the  Colony  of  Yictoria. 


AWABD  OF  THB  LtSLL  MeDAL. 

The  President  then  handed  the  Lyell  Medal  to  Mr.  WAjmravav 
W.  Smyth,  E.KS.,  F.G.S.,  for  transmission  to  Prof.  £.  Hlusr,  ef 

Paris,  and  addressed  him  as  follows : — 

Mr.  Waeinotow  Smyth, — 

In  handing  to  you  the  Lyell  Medal  for  transmission  to  M.  Herbert, 
I  have  to  express  the  sense  entertained  by  the  Council  of  the  extreme 
value  of  the  work  done  by  that  gentleman.  Per  more  than  thirty 
years  he  has  been  engaged  in  the  investigation  of  the  Cretaoeoos  and 
Tertiary  formations ;  and  the  results  of  his  labours,  which  have  been 
published  in  an  immense  number  of  elaborate  memoirs,  have  thrown 
a  vivid  light  upon  the  phenomena  presented  by  these  formations, 
both  in  this  country  and  on  the  continent.    M.  Hebert  has  treated 
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in  great  detail  upon  the  subdivisions  of  both  the  above  systems,  and 
has  also  summarized  the  results  of  his  labours  in  diagrammatic  and 
tabular  forms,  which  make  them  more  easily  and  generally  intelli- 
gible. He  has  also  paid  considerable  attention  to  the  supposed 
transitions  existing  between  the  Jurassic  and  Cretaceous  systems  on 
the  one  hand,  and  between  the  Cretaceous  and  Tertiary  on  the  other. 
For  these  reasons  the  Council  had  much  pleasure  in  awarding  the 
Lyell  Medal  to  Prof.  H^ert. 

Mr.  Wabjsqtov  Sktth,  in  reply,  expressed  his  regret  that  Prof. 
Prestwich,  as  an  old  and  intimate  friend  of  Prof.  Hubert,  was  un- 
able to  attend  and  receive  the  Medal  on  his  behalf,  as  M.  Hubert 
himself  could  not  be  present.  He  had  received  from  M.  Hubert  a 
letter,  in  which  he  expressed  his  thankfulness  for  what  he  called  *^a 
precious  indication  of  sympathy"  on  the  part  of  the  Council  of  the 
Society,  and  proceeded  to  say  that,  among  geologists  foreign  to  France, 
Lyell  was  the  one  with  whom  he  had  been  longest  connected,  and 
one  of  those  who,  more  than  thirty  years  ago,  most  contributed  to 
decide  him  to  devote  his  life  to  geology.  By  the  award  of  the  Lyell 
Medal  he  feela  honoured  in  the  highest  degree. 


AWiJU)  OF  IHB  BlOSBY  MeBAL. 

The  Pbesidbnt  next  handed  the  Bigsby  Medal  to  Prof.  Seblbt, 
F.G.S.,  for  transmission  to  Prof.  E.  D.  Copb,  of  Philadelphia,  and 
addressed  him  in  the  following  terms  : — 

Prof.  Sbblet, — 

Through  tlie  further  kindness  and  liberality  of  Prof.  Bigsby,  we 
now  for  the  first  time  are  able  to  give  this  Medal  in  gold.  The 
Council  of  the  Geological  Society  have  awarded  it  to  Professor  E.  D. 
Cope,  in  recognition  of  the  genius  and  skill  which  have  enriched  the 
sciences  in  which  he  has  laboured  with  original  thoughts  and 
important  additions  to  knowledge.  In  Comparative  Anatomy  and 
Palseontology  his  researches  are  based  on  profound  knowledge  of  the 
structure  of  existing  animals  ;  while  in  some  departments  of  Zoology 
and  Field-Geology  his  labours  would  have  commanded  more  than 
respect  were  they  not  eclipsed  by  immense  and  varied  work  among 
the  fossil  Vertebrata. 

Following  out  the  work  begun  by  Leidy,  Professor  Cope  laboured 
successfully  at  the  Reptiles  in  the  Greensand  of  New  Jersey,  and  in 
1866  made  known  the  remarkable  genus  Loelaps,  Subsequently,  in 
1870,  he  published  a  synopsis  of  the  Extinct  Batrachia  and  Reptilia 
of  North  America,  including  many  new  types,  especially  among 
Plesiosaurs,  Pythonomorpha,  and  Dinosaurs.  Subsequently,  when 
Professor  Cope  became  Pdaontologist  to  the  United  States'  Geological 


Digitized  by 


Google 


34  PROCEEDIXeS  OF  THE  QE0LC6ICAX  SOCIETT. 

Survey  of  the  Territories,  he  pobliBhed  from  Ume  to  time,  in  the 
*  Bulletins'  and  *  Reports,'  descriptions  of  many  of  the  more  remark- 
able fishes,  reptiHa,  and  mammals  discovered  in  Wyoming,  Montana, 
Colorado,  and  other  regions  of  the  far  west.  Some  of  these  researdies 
on  Cretaceous  Keptiles  and  Fishes  have  since  been  issaed  by  the 
United  States  Government  in  a  sumptuous  quarto  volume ;  while 
a  no  less  important  work  on  the  Pal^ntology  of  New  Mexioo  is 
devoted  chiefly  to  the  Tertiary  Mammalia.  Professor  Cope's  labouis 
in  these  fields  of  work  are  familiar  to  every  geologist ;  and  I  rejoice 
that  we  are  able  to  offer  him  this  evidence  of  the  esteem  and  admi- 
ration in  whidi  his  researches  are  held  by  the  Geological  Sodety. 

Professor  Seblet  said  it  was  a  peculiar  pleasure  to  him  to  receive 
this  award  on  behalf  of  Professor  C-ope ;  for  no  naturalist  of  our 
time  had  more  felt  and  shown  the  importance  of  profound  know- 
ledge of  living  animals  and  their  structures  in  the  interpretation  of 
fossils.  Ho  believed  there  was  every  reason  to  anticipate  that 
Prof.  Cope's  labours  in  time  to  come  would  be  no  less  important 
than  in  the  past ;  and  it  was  pleasing  to  know  that  one  who  had 
accomplished  so  much  still  pursued  his  studies  as  a  student,  that  he 
might  increase  the  value  of  his  comparative  work.  Prof.  Sedey  wa3 
sure  Prof.  Cope  would  value  this  medal  highly,  since  it  expressed 
the  admiration  which  the  Geological  Society  felt  for  his  labours, 
though  Prof.  Cope  had  found  it  reward  enough  to  have  contributed 
something  to  the  sciences  to  which  he  had  devoted  his  life. 


AWABD  OF  THE  WoLIASTON  Do^TATION-FUXD. 

In  handing  to  Prof.  Bokney,  F.R.S.,  F.G.S.,  the  balance  of  the 
proceeds  of  the  Wollaston  Donation  Fund,  for  transmission  to  Mr. 
Samuel  Allport,  F.G.H.,  the  President  said : — 

Professor  Boxney, — 

The  medals  and  other  awards  have  been  given  this  year  to 
eminent  field-geologists  or  palaeontologists,  but  to  Mr.  Allport  for 
subjects  which  claim  my  own  verj'  particular  sympathy,  since  the 
greater  part  of  his  publications  have  been  on  the  Microecopical 
Structure  of  Rocks,  and  have  shown  the  great  geological  value  of  a 
knowledge  which  can  be  gained  only  by  examining  thin  sections 
with  the  microscope.  In  his  papers,  published  in  the  '  Quarteriy 
Journal '  of  this  Society  and  elsewhere,  he  desciibes  the  mode  <rf 
occurrence,  structure,  and  composition  of  some  of  the  principal 
basalts,  dolerites,  perlites,  pitchstones,  and  felsites  of  the  United 
Kingdom;  and  his  memoirs  are  characterized,  not  only  by  great 
accuracy  of  detail,  but  also  by  much  breadth  and  power  of  generali- 
zntion.     In  his  paper  on  the  Wolf  Rock  he  was  the  first  to  point 
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out  the  existence  of  phonolite  in  the  British  area.  He  has  for 
many  years  devoted  much  time  and  care  to  the  preparation  of  tho 
thin  sections  necessary  for  the  proper  study  of  the  stnicture  of 
rocks ;  and  I  well  know,  hy  long  experience,  what  a  great  amount 
of  patience  is  needed  to  obtain  satisfactory  results.  The  Council  of 
the  Geological  Society  considers  such  researches  deserve  every 
encouragement,  and  has  gladly  awarded  to  him  the  balance  of  the 
WoUoston  Fund.  I  feel  sure  that  our  late  benefactor  would  have 
folly  approved  of  such  an  appropriation. 

Professor  Bonnet,  in  reply,  said : — 

Mr.  President, — 

Although  I  verj^  much  regret  the  absence  of  Mr.  Allport,  I  cannot 
but  feel  glad  of  the  opportunity  afforded  me  by  representing  him  of 
expressing  the  many  obligations  which  I  am  under  to  him  for  help 
in  that  microscopic  study  of  rocks  in  which  he  is  so  proficient.  He 
again  and  again  has  removed  for  me  those  difficulties  which  beset 
every  one  commencing  so  new  and  difficult  a  subject.  He  has 
requested  me,  Mr.  President,  to  express  his  regret  at  being  prevented 
by  urgent  and  important  business  from  being  present  to  receive  this 
award — which  he  regrets  the  more  because  it  would  have  been  a 
peculiar  pleasure  to  him  to  receive  it  from  your  hands,  seeing  that 
it  was  the  study  of  one  of  your  papers,  "On  the  Microscopic  Structure 
of  Crystals,"  which  suggested  to  him  the  importance  of  applying  the 
same  method  of  investigation  to  rocks.  He  wishes  me  to  state  how 
highly  he  appreciates  the  honour  which  the  Council  has  conferred 
upon  him,  and  to  render  his  thanks  for  this  substantial  help  in  the 
prosecution  of  his  investigations.  It  will  have  the  effect  of  stimu- 
lating him  to  fiirther  exertions  in  the  future ;  he  will  regard  the 
fund  placed  at  his  disposal  as  a  trust,  to  be  devoted  to  the  cul- 
tivation of  the  field  on  which  he  has  already  worked ;  and  he  hopes 
that  it  will  enable  him  to  produce  a  more  abundant  harvest,  although 
it  will  certainly  be  expended  on  very  rocky  ground. 


Award  of  the  Mttrchison  Geological  Fund. 

The  President  next  handed  to  Dr.  Henrt  Woodward,  F.R.S., 
P.G.S.,  the  balance  of  the  proceeds  of  the  Murchison  Geological 
Fund,  for  transmission  to  Mr.  J.  W.  Kirkbt,  and  addressed  him  as 
follows : — 

Dr.  Woodward, — 

It  is  now  nearly  twenty-five  years  since  Mr.  Kirkby's  attention 
was  prominently  directed  to  the  Magnesian  Limestone  of  the  neigh- 
bourhood of  Sunderland,  and  to  the  collection  of  the  various  included 
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oi^anic  remains.  These  were  assidaouslj  stadied,  and  their  rda- 
tionahip  to  both  fossil  and  recent  forms  carefully  determined.  These 
researches  have  added  much  to  our  knowledge.  The  organic  remaiBs 
in  the  Carboniferous  strata,  and  their  dose  relation  to  those  of 
Permian  age,  as  well  as  the  order  and  special  characters  of  the  ro^ 
themselves,  have  also  been  elucidated  by  his  observations.  Subse- 
quently, when  employed  at  the  Pimie  colliery,  near  Leven,  in  Fife- 
shire  (which  gave  him  opportunities  for  collecting  num^x)us  fosab, 
chiefly  Entomostraca),  he  published,  either  alone  or  in  conjunctioa 
with  other  authors,  information  which  has  matericdly  increased  oor 
knowledge  of  the  Carboniferous  fauna.  The  Council  of  the  Geologi- 
cal Society  considers  that  such  investigations  deserve  every  encou- 
ragement, and  begs  that  he  will  look  upon  the  award  to  him  of  the 
Murchison  Fund  as  an  acknowledgment  by  his  fellow  workers  oi  his 
well-directed  efforts,  which  we  appreciate  the  more  since  we  know 
how  much  his  time  is  occupied  with  other  necessary  employments. 

Dr.  WooDWABD,  in  reply,  read  the  following  letter  from  Mr. 
Kirkby : — 

**  Mr.  President, — 

'*  I  have  great  pleasure  in  receiving  the  balance  of  the  proceeds 
of  the  Murchison  Geological  Fund.  The  balance  in  itself  is 
valuable ;  but  to  be  thought  worthy  of  being  awarded  it  is  of 
greater  value — more  especially  when  associated,  as  it  is,  widi  t 
name  so  famous  in  Palaeozoic  Geology  as  that  of  Murchison. 

*'*  The  Permian  and  Carboniferous  Fntomostraca,  which  have  bea 
mentioned  as  special  objects  of  my  study,  owe  more  to  my  (n&ai 
Professor  Bupert  Jones  than  to  me  ;  though  I  deem  it  an  honoiir, 
with  him,  to  assist  in  their  elucidation.  There  is  much  still  to  do 
in  this  interesting  group  of  fossils.  So  far  as  I  am  conceined,  I 
shall  look  upon  your  award  as  an  incentive  and  an  aid  to  farther 
research,  rather  than  as  a  reward  for  what  I  have  done. 

«  J.  W.  KnuuT." 


AwAED  OF  ms  Ltsll  Geolooical  Fvim. 

The  Peestdekt  next  handed  to  Prof.  Junn  a  moiety  of  the  balaoM 
of  the  proceeds  of  the  Lyell  Fund,  for  transmission  to  Prof.  H. 
AjuLrywe  Nicholsok,  F.G.S.,  and  addressed  him  as  follows : — 

Professor  Judd, — 

The  Council  having  awarded  to  Prof.  H.  Alleyne  IHchoIsofi  « 
portion  of  the  proceeds  of  the  Lyell  Geological  Fund,  I  have  much 
pleasure  in  placing  the  same  in  your  hands  for  transmission  to  him. 

Prof.  Nicholson's  various  researches  upon  the  Palasosoic  Palaeontology 
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o!  Britaiii  and  the  Northern  part  of  the  American  Continent  have 
thrown  much  light  upon  many  points  in  connexion  with  the  lower 
forms  of  animal  life  as  presented  to  us  in  the  fossil  state.  The 
Graptolites,  those  peculiar  structures  so  ahundant  in  some  of  the 
Silurian  rocks,  and  many  of  the  ohscure  forms  of  Corals  and  other 
lowly  organisms  which  constitute  the  great  difficulties  of  students 
of  the  palsDontology  of  the  earliest  fossiliferous  rocks,  have  in  a 
special  manner  attracted  Prof.  Nicholson's  attention,  and  constitute 
the  suhjects  of  numerous  memoirs  which  have  appeared  in  yarious 
journals.  Of  independent  works,  I  may  mention  his  *  Monograph 
of  the  British  Graptolites '  (of  which,  unfortunately,  only  the  first 
part  has  appeared)  and  his  *  Palaeontology  of  Ontario,'  the  latter 
published  in  1875.  In  conjunction  with  Mr.  R.  Etheridge,  Jun.,  he 
has  commeuced  the  publication  of  a  'Monograph  of  the  Silurian 
Fossils  of  the  Girvan  District,'  which  contains  some  exceedingly 
valuable  palseontologioal  results,  and  promises  to  be  of  much 
interest.  Besides  these  publications.  Prof.  Nicholson  has  done 
much  for  the  advancement  of  his  favourite  science  by  the  production 
of  several  usefol  manuals  and  popular  treatises  on  palsDontology. 

Prof.  JuDD,  in  reply,  said  that  he  had  much  pleasure  in  receiving 
this  award  on  behalf  of  Prof.  Nicholson,  from  whom  he  read  the 
following  extract  of  a  letter : — 

*'  It  is  with  much  regret  that  I  find  myself  precluded  by  un- 
avoidable previous  engagements  from  expressing  in  person  my  very 
grateful  sense  of  the  honour  conferred  upon  me  by  the  Council  of 
the  Geological  Society  in  the  disposition  which  they  purpose  to  make 
of  the  Lyell  Fund.  It  is  hardly  necessary  for  me  to  say  in  so  many 
words  that  I  feel  the  honourable  distinction  which  I  have  received 
to  be  meant  rather  as  a  stimulus  to  future  exertion  in  the  cause 
of  palseontological  science  than  as  a  mark  of  recognition  for  any 
thing  that  I  may  have  been  able  to  achieve  in  the  past.  I  can  only 
beg  to  assure  the  President  and  the  Council  of  the  Society  that  I 
loyally  accept  this  interpretation  of  their  kindness  and  goodwill,  and 
that  I  shall  not  fail  to  *do  what  may  be  in  my  power  to  prove 
myself  more  than  merely  theoretically  grateflil  for  an  honour  which 
I  did  not  expect,  and  which  I  appreciate  highly  as  a  mark  of  fHendly 
recognition  on  the  part  of  the  President  and  the  Council." 

The  Pbesident  then  presented  to  Dr.  Hbwby  Woodward,  F.R.S., 
F.G.S.,  one  moiety  of  the  balance  of  the  proceeds  of  the  Lyedl  Fund, 
and  addressed  him  in  the  following  words : — 

Dr.  Woodward, — 

In  awarding  to  you  a  portion  of  the  proceeds  of  the  Lyell  Geolo- 
gical Fund,  the  Council  of  the  Geological  Society  have  commissioned 
me  to  convey  to  you  the  expression  of  their  high  sense  of  the  value 
of  your  labours  for  the  advancement  of  the  science  for  the  cultiva- 
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tion  of  which  the  Society  has  its  being.  For  many  years  you  have 
devoted  yourself  with  great  assidoity  to  the  study  of  the  Fossil 
Crustacea,  founding  your  work  upon  those  objects  upon  a  thoroogk 
systematic  acquaintance  with  their  existing  relatives :  and  by  tins 
combination  of  zoological  and  palseontological  knowledge,  you  have 
been  enabled  to  work  with  great  profit  upon  an  exceedingly  difficult 
branch  of  the  science  of  extinct  organisms.  It  would  be  a  work  of 
supererogation  on  my  part  (even  did  I  feel  capable  of  doing  it)  to 
enumerate  the  many  valuable  contributions  to  tiiis  departanent  of 
natural  history  with  which  you  have  enriched  ibe  pages  of  our 
"  Quarterly  Journal "  and  of  other  periodicals ;  but  I  may  refer  espe- 
cially to  your  most  important  memoir  published  by  the  Paleonto- 
graphical  Society,  on  those  remarkable  types  of  Palaeozoic  Crustaoea 
which  have  been  united  to  form  the  order  Merostomata.  Your  cata- 
logue of  British  Fossil  Crustacea,  although  one  of  those  works  whicli 
may  appear  to  be  mere  products  of  laborious  industry,  neverthelesB 
shows  many  evidences  of  critical  acumen,  which  raises  it  far  out  of 
the  ordinary  level,  and  will  render  it  a  most  useful  aid  to  all  future 
investigators  of  that  branch  of  British  Falseontology.  Besides  ihest, 
which  may  be  regarded  as  your  special  studies,  you  have  further 
contributed  to  the  elucidation  of  other  fossil  forms,  and  especially 
of  some  of  those  obscure  remains  of  Insects  and  Arachnida  the  in- 
terpretation of  which  is  always  a  matter  of  doubt  and  difficulty.  In 
recognition  of  the  value  of  the  labours  to  which  I  have  most  imper- 
fectly alluded,  and  of  your  other  services  to  the  science  of  geology, 
and  to  aid  you  in  the  further  prosecution  of  your  researches,  I  have 
much  pleasure  in  handing  to  you  this  small  testimony  of  the  Council*a 
appreciation. 

Dr.  Woodward,  in  reply,  said : — 

Mr.  Pbbsidbnt, — 

I  am  fully  sensible  of  the  honour  conferred  on  me  this  day  by 
the  Council  of  the  Geological  Society  in  selecting  me  to  be  one  oi 
the  recipients  of  the  "  LyeU  Award,"  and  particularly  grateful  to 
you,  Sir,  for  the  kind  manner  in  which  you  have  spoken  of  my  sdeo- 
tific  work.  There  is  a  special  x>leasiire  in  this  award  derived  from 
the  fact  that  in  1864  Sir  Charles  LyeU  (then  President  of  the  British 
Association)  took  a  warm  personal  interest  in  my  first  paper  (read 
at  the  Bath  meeting),  "  On  the  Discovery  of  some  new  forms  of  Pa- 
Iseozoic  Crustacea."  If  any  incentive  were  needed  to  induce  me  to 
continue  the  work  upon  which  I  am  engaged,  it  would  be  found  in 
the  kind  words  of  encouragement  which  I  have  received  from  you 
to-day. 
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THE  ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

Henry  Clifton  Sorby,  Esq.,  F.R.8. 

Ih  accordance  with  the  usual  custom  I  will  preface  my  Anniversary 
Address  with  some  brief  obituary  notices  of  a  few  of  those  Fellows, 
unfortunately  rather  numerous,  whom  we  have  lost  by  death  during 
the  past  year. 

Sir  Richard  John  Grippith,  Bart.,  LL.D.,  F.R.8.E.,  M.R.I.A., 
died  in  Dublin  on  the  22nd  of  September  last,  having  just  entered 
upon  his  95th  year.  He  was  apparently  the  oldest  surviving  Fellow 
of  the  Greologi(»d  Society,  to  which  he  was  admitted  in  1808,  the  year 
after  its  foundation.  He  was  born  in  Dublin,  September  20, 1784. 
In  1799  he  obtained  a  commission  in  the  Royal  Irish  Artiller}%  but 
the  corps  was  incorporated  with  that  of  England,  only  one  year 
afterwards,  by  the  Act  of  Union.  He  was  one  of  the  two  oflSccrs 
who  were  given  the  option  of  joining  the  latter  regiment.  His  father, 
however,  decided  for  him  that  he  should  retire  on  half-pay  and 
devote  himself  to  civil  engineering  and  mining.  He  then  studied 
chemistry,  mineralogy,  and  geology  in  London  for  two  years  under 
William  Nicholson,  the  well-known  editor  of  the  'Journal  of  Natural 
Philosophy,'  &c.  Afterwards,  in  order  to  become  acquainted  with 
practical  mining,  he  sojourned  in  Cornwall  and  in  the  mining- 
districts  of  Glamorganshire,  Derbyshire,  Yorkshire,  Durham,  and 
Northumberland,  and  in  the  mining-districts,  especially  the  coal- 
fields, of  Scotland.  During  this  time  he  was  studying  in  Edinburgh 
under  Sir  James  Hall,  Playfair,  Jameson,  Hope,  &c.  While  in 
Cornwall  he  was  offered  the  managership  of  the  Dalcoath  mine,  and 
while  in  Edinburgh  he  was  admitted,  when  only  twenty-three  years 
of  age,  to  the  Royal  Society  of  Edinburgh  ;  it  is  interesting  to  note 
this  early  recognition  of  his  superior  abilities  and  acquirements.  In 
1808  he  returned  to  Ireland  and  became  at  once  a  member  of  the 
Royal  Dublin  Society,  with  which  Institution  his  name  was  to  be 
afterwards  so  intimately  connected. 

He  first  became  a  public  officer  in  1809,  when  he  was  appointed 
by  the  Commispioners  one  of  the  engineers  to  inquire  into  the 
nature  and  extent  of  the  bogs  in  Ireland  and  the  practicability  of 
draining  and  improving  them.  The  inquiry  lasted  for  three  years ; 
it  fell  to  his  share  to  survey  and  report  upon  the  Bog  of  Allen,  the 
bogs  of  Roscommon  and  pjut  of  Gal  way,  and  those  of  the  moun- 
tain districts  of  Mayo  and  Wicklow.  The  Reports  were  published 
by  order  of  Parliament.  In  1812  he  was  elected  Professor  of  Geo- 
logy and  Mining  Engineer  to  the  Royal  Dublin  Society.  For  many 
years  he  lectured,  in  the  former  capacity,  in  the  halls  of  the  Societ} , 
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and  in  the  latter  capacity  he  Bnrreyed,  and  made  hia  Geologicai 
Beports  upon,  the  coal-  and  metallic  mines  of  Ireland^  the  Beports 
heing  published  at  varionfi  times  in  Dublin ;  he  also  carried  out 
nnmerotLB  similgr  'irorks.  In  1824  a  Committee  of  the  House  of 
Commons  on  the  Valuation  of  Ireland  ordered  to  be  laid  be£>re  it 
Mr.  Griffith's  maps  and  surveys  made  for  the  Society.  Hie  obeer- 
rations  made  during  the  earlier  part  of  the  above  surveys  formed 
the  foundation  of  his  Geological  Map  of  Ireland,  which  was  under- 
taken at  the  suggestion  of  his  friend  G.  B.  Greenough.  This  Bitp 
was  first  published  in  1815 ;  it  was  being  continually  added  to  and 
improved  until  1822.  In  this  year  Griffith  was  appointed  by  the 
Marquis  WeUesley,  then  Lord  Lieutenant  of  Ireland,  as  oigineer 
of  public  works  in  Cork,  Kerrj-,  and  Limerick.  He  was,  in  the  first 
instance,  engaged  in  repairing  the  presentment  roads  in  those  coun- 
ties, and  afterwards  in  lajnng  out  and  completing  250  miles  of 
carriage-road,  chiefly  through  mountainous  and  hilly  districts ;  the 
greater  part  of  this  work  was  completed  in  1830.  But  before  that 
time  had  arrived,  viz.  in  1825,  he  was  also  appointed  by  Lord 
"Wellesley  to  carry  out  the  Perambulation  or  Boundary  Survey  of 
Ireland,  a  work  of  great  magnitude,  the  object  of  which  was  to 
ascertain  and  mark  the  boundaries  of  every  countv,  barony,  pari^ 
and  townland  (of  which  last  there  are  68,000),  m  preparation  for 
the  Ordnance  Survey.  This  work  was  finished  in  1844.  He  was 
called  upon  by  the  Chief  Secretary  for  Ireland  to  assist  in  preparing 
a  Bill  for  the  General  Valuation  of  Ireland ;  the  Act  was  juaased  in 
1826,  and  he  was  appointed  Commissioner  of  Valuation,  in  which 
capacity  he  continued  to  act  until  1868.  On  "  Griffith's  Valuation  " 
the  various  local  and  public  assessments  are  made.  These  works 
afforded  rare  opportunity,  of  which  Griffith  eagerly  availed  himsdf, 
for  ftirthcr  examining  the  rocks  and  for  perfecting  his  Geological 
Map.  What  may  be  regarded  as  the  second  edition  of  this  map  was 
exhibited  to  the  Geological  Section  (of  which  Griffith  was  President) 
of  the  British  Association  at  the  meeting  in  Dublin  in  1835.  This 
was  ordered  by  Government,  in  1836,  to  be  reconstamcted  and 
engraved  under  the  Board  of  Ordnance,  on  the  scale  of  1  inch  to 
4  miles.  Whilst  it  was  still  in  preparation,  Griffith  drew  up  for 
the  Bailway  Commissioners  an  "  Outlme  of  the  Geology  of  Ireland,* 
in  folio,  illustrated  with  the  map  on  a  reduced  scale  and  with  many 
minor  details  omitted;  the  date  of  this  was  April,  1838.  In 
August  of  the  same  year  a  copy  of  the  large  map  was  exhibited  at 
the  meeting  of  the  British  Association  at  Newcastle,  though  it  was 
not  regularly  published  until  March,  1839.  This,  which  may  be 
called  the  third  edition,  contained  certain  important  improvements 
which  were  just  too  late  for  insertion  in  the  smaller  maps.  His 
government  commissions  now  became  very  numerous,  and  in  1861 
he  was  made  Chairman  of  the  Board  of  Works.  In  February  1864 
he  received  from  the  Geological  Society  the  WoUaston  Medal,  "  for 
the  valuable  services  rendered  by  him  to  geological  science,  and 
particidarly  for  his  Geological  Map  of  Ireland."  A  revision  of  the 
map  was  engraved  in  1856,  by  order  of  the  Treasury ;  and  this  is 
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the  latest  published  form  of  it.    In  1858  Griffith  was  rewarded 
with  a  Baronetcy  for  his  nnmeroos  and  valuable  public  seryices* 

Besides  the  various  Reports  already  referred  to,  Griffith  drew  up  a 
"  Geological  Survey  of  Connaught,"  and  contributed  many  papers  on 
the  geology  of  Ireland  to  the  '  Transactions '  and  the  ^  Proceedings ' 
of  the  Geological  Society,  the  Journal  of  the  Geological  Society  of 
Dublin,  the  British  Association  Eeports,  the  *  PhilosopMcal  Magazine,' 
do.,  and  published  a  Synopsis  of  the  Carboniferous  Limestone  fossils 
of  Ireland,  which  contains  450  new  species,  collected  by  himself  and 
bis  friends ;  this  was  prepared,  under  his  direction,  by  Frederick 
M'Coy  of  Dublin,  F.G.8. 

Griffith's  Geological  Map  of  Ireland  is,  to  use  the  words  of  Prof. 
E.  Forbes  when  presenting  to  him  the  WoUaston  Medal,  "  one  of  the 
most  remarkable  geological  maps  ever  produced  by  a  single  geolo- 
gist." Although,  of  course,  he  made  use  of  the  scattered  information 
already  obtained  by  others,  yet,  with  the  exception  of  some  detached 
hiUs  of  quartz-ro<^,  whose  boundaries  he  accepted  from  Weaver, 
the  lines  on  his  map  are  the  result  of  the  observations  of  himself  or 
of  persons  acting  under  his  directions.  In  the  long  period  of  40 
years  during  which  the  map  was  in  hand  it  underwent  many  changes, 
as  the  store  of  facts  accumulated  and  as  geological  science  itself 
progressed ;  it  would  be  impossible  to  go  here  into  the  history  of  those 
changes.  He  himself  has  indicated  some  alterations  which  may 
eventuaUy  be  found  necessary.  There  are  three  districts,  one  at  the 
N.E.  side  of  Clew  Bay,  co.  Mayo,  another  at  the  northern  end  of  co. 
Roscommon,  and  the  third  to  the  N.£.  of  Lough  £me,  in  the  cos. 
Fermanagh  and  Tyrone,  the  rocks  of  which  he  has  coloured  as  Old 
Red  Sandstone,  in  deference  to  the  opinion  of  others,  although  in  his 
published  papers  he  shows  reason  for  r^arding  them  as  Upper  Silu- 
rian. As  to  the  famous  crux  of  the  Dingle  Beds  and  Glengariff 
Gh-its  in  Kerry  and  Cork,  though  the  officers  of  the  Geological 
Survey  had,  for  some  years,  differed  from  Griffith's  opinion  re- 
specting those  rocks,  they  have  now  come  round  to  agreement  there- 
with, and  his  determination  of  those  rocks  as  Upper  Silurian  and 
not  Old  Red  Sandstone  is  now  accepted.  Whatever  modification 
in  his  arrangement  of  the  rocks  of  Ireland  may  be  necessitated 
by  the  farther  advance  of  science,  his  great  work  must  ever  remain 
**'  a  surprising  monument  of  observation  and  skiU." 

Robert  Habxnsss,  the  son  of  Mr.  Harkness,  Ormskirk,  Lancashire, 
was  bom  July  28,  1816.  He  was  educated  at  DumMes  along  with 
Dr.  Duncan's  sons  by  a  private  tutor  previous  to  being  sent  to  ^*  The 
High  School "  there.  He  attended  the  lectures  of  Prof.  Jameson, 
Thos.  Charles  Hope,  and  James  D.  Forbes,  during  the  session  of 
1833-4,  in  the  £<Unburgh  University ;  on  his  return  to  Ormskirk  he 
pursued  his  studies  untU  1848,  when  he  went  with  his  father  and 
sister  to  reside  in  Dumfries.  Many  of  his  papers  will  show  with  what 
pleasure  he  worked  out  the  geology  of  that  district.  In  1853  he  was 
appointed  to  the  chair  of  geology  in  Queen's  College,  Cork.  He 
was  elected  a  Fellow  of  the  Royal  Society  of  Edinburgh  in  1854,  and 
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of  the  Royal  Society  of  London  in  1856.  His  health  had  snfGnrjd 
so  muoh  from  his  bard  study  and  toil  last  winter  in  Qaeen^s  CoUe^ 
where  he  had  undertaken  the  chair  of  natural  history  as  wdl  as  his 
own  especial  chair  of  geology,  that  his  friends  thought  he  did  too  much 
for  his  strength,  and  desired  him  to  resign  his  work  in  Cork.  He 
went  to  Dublin  on  Sept.  23  to  finish  off  his  professional  duties  1^  ex- 
amining some  of  his  own  students  there.  On  Thursday  the  10th  in^ 
after  spending  the  evening  with  some  friends,  on  retiring  to  his  bed- 
room, he  died  suddenly  from  disease  of  tho  heart. 

Apart  from  his  long  services  as  a  teacher  of  his  favourite  sdeaoes, 
Professor  Harkness  contributed  in  many  ways  to  geological  progress. 
As  an  original  observer,  he  devoted  himself  more  espocially  to  tbe 
elucidation  of  the  stratigrapbical  and  paheontological  relations  of  the 
PalfBozoic  rocks,  and  his  name  will  always  be  associated  iu  the 
memory  of  future  workers  with  the  FalsBOzoic  districts  of  the  ntBlh 
of  England  and  the  southern  uplands  of  Scotland ;  he  also  added 
materially  to  our  knowledge  of  the  ancient  deposits  of  Ireland,  of 
the  Highlands,  and  of  Wales ;  and  though  he  acquired  his  great- 
est distinction  as  an  observer  in  phjrsical  geology,  ho  poasessed  is 
addition  a  wide  and  accurate  knowledge  of  mineralogy,  and  a  varud 
and  extensive  knowledge  of  paleontology.  like  his  friend  and  fellow 
worker  Sir  Eoderick  Murchison,  he  possessed  a  marvellous  power  of 
seizing  upon  the  physical  features  of  a  region,  and  of  obtaining  a 
genersd  idea  of  the  succession  of  the  deposits  and  their  relations  to 
one  another ;  and  if  this  power  sometimes  led  him  to  hasty  conclusions, 
it  enabled  him,  on  the  other  hand,  to  rapidly  arrive  ut  generaliza- 
tions which  were  valuable  as  present  guides  to  the  detailed  inquiry 
by  which  alone  they  could  be  finally  tested. 

The  results  of  his  researches  were  published  in  various  journals 
and  periodicals  ;  but  his  most  important  memoirs  were  those  whidi 
he  contributed  to  our  Society,  and  to  some  of  these  attention  may 
lightly  be  drawn,  dividing  them  for  this  purpose  into  four  principal 
groups.  In  the  first  group  of  memoirs  we  may  plaoe  those  dealing 
with  the  Lower  and  Upper  Silurian  rocks  of  the  Southern  uplands 
of  Scotland,  a  district  with  which  he  had  a  wide  acquaintance,  and 
in  which  ho  always  took  a  great  interest.  His  most  importauit 
papers  on  this  subject  were  entitled  "  On  the  Silurian  Rod^s  ol 
Dumfriessbire  and  Kirkcudbrightshire"  (1851);  "On  th©  Silurian 
Rocks  of  Kirkcudbrightshire"  (1853)  :  "  On  the  Anthradtic  Schists 
and  the  Fucoidal  liemains  occurring  in  the  Lower  Silurians  of  the 
south  of  Scotland,  with  notes  on  the  Fossil  Fucoids,  Zoophytes,  and 
Annelides  of  tho  Flags  and  Sandstones  at  Barlae"  (1855);  and 
"On  the  Lowest  Sedimentary  Eocks  of  the  South  of  Scotland ** (1856). 

In  theso  memoirs  he  clearly  showed  tho  existence  of  both  Lower 
and  Upper  Silurian  deposits  in  the  south  of  Scotland ;  he  referz^ 
tho  well-known  anthracitic  shales  of  MofiTat  to  the  Upper  lianddio 
period,  expressing  the  opinion  that  these  beds  formed  but  a  angle 
series,  repeated  at  apparently  different  horizons  by  faults ;  and  be 
added  materially  to  our  knowledge  of  the  Graptolitic  remains  of 
those  strata. 


Digitized  by 


Google 


AKiriVEBSABT  ADDBfiSS  OF  THE  PRESIDEirr. 


43 


In  a  second  group  of  memoirs,  we  find  him  engaged  in  working 
out  the  geological  structure  of  the  Highlands  of  Scotland,  and  deal- 
ing  with  sediments  varying  in  age  from  the  Silurian  to  the  Lias. 

The  nature  of  his  reseai'ches  in  this  region  will  be  readily  gathered 
from  the  titles  of  the  following  papers : — "  On  the  Rocks  of  portions 
of  the  Highlands  of  Scotland,  south  of  the  Caledonian  Canal,  and 
on  their  equivalents  in  the  north  of  Ireland''  (1861);  "On  the 
Metamorphic  Rocks  of  the  BanflGshire  coast,  tho  Scarabins,  and  a 
portion  of  East  Sutherland ;"  "  On  the  position  of  the  PteraspU-heda^ 
and  on  the  Sequence  of  the  Old  Red  Sandstone  of  South  Perthshire  " 
(1862) ;  On  the  Reptiliferous  Rocks  and  the  Footprint-bearing  Strata 
of  the  North-east  of  Scotland"  (1864). 

In  a  third  important  group  of  memoirs,  extending  over  a  period 
of  fourteen  years,  he  dealt  with  the  remarkable  sandstones  and  brec- 
cias of  Dumfriesshire  and  the  north-west  of  England,  the  greater 
portion  of  which  he  was  unquestionably  right  in  regarding  as  of 
Permian  age.     His- most  important  communications  on  this  subject 
were  entitled  "  On  the  New  Red  Sandstone  of  the  Vale  of  Nith  " 
(1850);  "On  the  Sandstones  and  Breccias  of  the  South  of  Scotland 
subsequent  to  the  Carboniferous  Period "(1856);  "On  the  Sand- 
stones and  their  associated  deposits  in  the  Vale  of  Eden,  the  Cum- 
berland Plain,  and  the  south-east  of  Dumfriesshire  "  (1862);  and 
"  On  the  Permian  Rocks  of  the  north-west  of  England  and  their 
extension  into  Scotland,"  the  last  being  a  joint  paper  with  Sir  Ro- 
derick Murchisou.    In  these  papers,  he  indicated  the  identity  of  the 
"red  rocks"  and  breccias  of  Cumberland  and  Westmoreland  with  tho 
similar  but  more  fragmentary  deposits  of  Dumfriesshire ;  he  satisfac- 
torily separated  the  former  into  a  lower,  middle,  and  upper  series ; 
and  he  pointed  out  the  occurrence  in  the  Middle  Permians  of  the 
Vale  of  Eden  of  plant-remains  resembling  those  of  the  corresponding 
deposits  on  the  continent  of  Europe. 

In  a  fourth  series  of  memoirs  he  devoted  himself  to  the  elucida- 
tion of  the  order  and  succession  of  the  Silurian  deposits  of  the  lake- 
district  of  the  north  of  England,  a  region  where  he  had  many  warm 
personal  friends,  and  to  which  he  always  cherished  a  special  attach- 
ment. There  were  few  parts  of  this  interesting  district  which  he 
had  not  personally  explored  ;  and  he  did  much  to  clear  up  various 
difficult  points  in  its  geological  structure.  Perhaps  his  most  im- 
portant papers  were  those  "On  the  Skiddaw  Slate  series,"  pub- 
lished in  1863  ;  and  "  On  the  Lower  Silurian  Rocks  of  the  South- 
east of  Cumberland  and  the  North-east  of  Westmoreland, "  published 
in  1865, — ^both  of  which  threw  very  important  light  upon  the  sequence 
and  geological  age  of  the  Silurian  series  of  the  lake-country,  while 
the  former  showed  the  existence  of  a  great  series  of  Graptolites  in 
strata  hitherto 'supposed  to  be  almost  barren  of  organic  remains. 
In  subsequently  published  memoirs  he  devoted  himself  principally, 
in  conjunction  with  his  friend  Dr.  Alleyne  Nichoson,  to  the  study 
of  the  relations  of  the  Coniston  limestone  and  the  strata  which 
accompany  it  both  superiorly  and  inferiorly ;  and  it  is  to  him  and 
his  co-worker  that  we  owe  the  first  discovery  of  the  so-called  "  Grap* 
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tolitio  Mudstones  "  of  the  Coniston  Beriet,  fonning  one  of  iiie  best- 
marked  and  meet  important  of  the  geological  horisons  of  the  Silurian 
seriet,  both  in  the  north  of  England  and  elsewhere. 

While  his  more  noticeable  published  work  falls  naturally  nnder 
the  above  heads,  it  should  be  mentioned  that  he  showed  much 
interest  in,  and  deyoted  much  time  to,  other  regicms  and  other  lines 
of  inquiry.  In  Silurian  geology  he  gave  to  the  world  papers  on  the 
ancient  rocks  of  Hie  St.  David's  promontory  in  South  Wales,  and  on 
the  Isle  of  Man,  jointly  worked  out  with  his  friends  Drs.  Hioks  and 
Nicholson,  together  with  other  results  of  investigations  into  kindred 
subjects  which  cannot  be  here  further  alluded  to.  He  was  also 
always  much  interested  in  ^^  superficial  geology  "  and  in  Oladal  phe- 
nomena, and  some  portion  of  his  knowledge  of  these  matters  actoally 
saw  the  light. 

It  is  not,  however,  by  his  published  memoirs  alone  that  we  should 
try  to  estimate  the  life-work  of  Kobert  Harkness.  Trained  in  a 
school  now  fast  passing  away,  he  was  preeminently  distinguished  by 
his  powers  of  sound  reasoning  and  keen  observation.  Altogether 
apart  from  his  intellectual  gifts,  however,  he  exercised  an  influenre 
upon  his  contemporaries  and  upon  those  who  were  fortunate  enoo^ 
to  be  his  pupils  which  it  is  hard  to  overestimate,  since  it  rested  upon 
his  single-hearted  devotion  to  his  science,  his  enthusiasm  for  work, 
his  love  of  truth  rather  than  system,  and  his  simple,  genial,  and 
kindly  nature. 

The  Rev.WiLLiAM  Brahwhitb  Clabo,  MA.,  F.R.S.,  F.R.G.S.,  &c^ 
was  bom  at  East  Bergholt,  Suffolk,  on  the  2nd  June,  1708,  and  was 
partly  educated  at  Dedham  Grammar  School.  He  entered  Cambridge 
in  1817,  becoming  a  member  of  Jesus  College,  took  hisBA.  degree  in 
January  1821,  and  became  M.A.  and  Member  of  Senate  in  1824. 

From  1821  to  1824  he  acted  in  his  clerical  capacity  at  Ham^olt 
and  other  places,  and  during  this  period  made  fifteen  distinct  geolo- 
gical and  other  excursions  on  the  continent,  in  addition  to  those 
prosecuted  by  him  in  this  country.  During  the  years  1830-31,  Mr. 
Clarke  was  present  at  many  of  the  scenes  of  the  Belgian  War  of  Inde- 
pendence, and  at  the  last  siege  of  Antwerp.  His  clerical  duties  were 
continued  up  to  the  year  1839,  when  he  left  for  New  South  Walei, 
with  the  object  of  examining  the  physical  structure  of  the  oountrr 
and  regaining  health  lost  during  a  severe  illness.  From  the  time  of 
his  arrival  till  1844  Mr.  Clarke  was  in  clerical  charge  ci  the  oountxy 
from  Paramatta  to  the  Hawkesbury  Biver,  and  for  a  portion  of  the 
time  conducted  the  King's  School.  In  that  year  he  undertook  the 
charge  of  Campbelltown ;  but  in  1847  he  became  minister  oi  Wil- 
loughby,  a  position  which  he  held  till  1870,  then  retiring,  ato 
nearly  twenty  five  year|!  service  in  the  church,  with  a  teatimonisl 
from  his  panshioners,  expressive  of  their  sympathy  and  respect. 

Mr.  Clarke's  literary  labours  were  numerous  and  vaiied.  In  1829 
a  series  of  poems  and  translations  were  published,  entitled  *'  Lip 
of  Leisure;'  in  1819  a  poem,  entitled  ^Pompeii;'  in  1822  <Tho 
River  Perwont,  and  other  Poems;'  and  in  1828  'SeoolleotioDs,*s 
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poetic  oommemoratioii  of  a  yisit  to  Mont  Blanc,  and  other  works  of 
a  religious  nature. 

Mr.  Clarke's  valuable  services  to  the  Oovemment  of  New  South 
Wales  commenced  in  1840,  when  he  made  his  first  journey  to  the 
southward,  through  the  lUawara  district.  The  result  of  this  and  his 
other  journeys,  geographical  as  well  as  geological,  will  be  found  re- 
corded in  a  d^  and  concise  manner  in  his  chidf  work,  and  in  the 
various  Parliamentary  Blue  Books,  published  by  authority,  to  say 
nothing  of  the  fifty-three  papers  accx^ted  to  his  name  in  the  Cati^ 
logue  of  Scientific  Papers  of  tiie  Boyal  Society.  In  addition  to  the  list 
there  giren,  we  are  acquainted  with  many  others ;  and  it  may  be  men- 
tioned that  some  of  Mr.  Clarke's  most  interesting  communicationa 
were  made  to  the  leading  Sydney  newspaper,  the  '  Sydney  Morning 
Herald,'  which  we  regret  are  not  preserved  in  a  more  lasting  form. 

Mr.  Clarke's  labours  as  a  geologist  and  zoologist  commenced  some 
time  before  his  departure  from  this  country ;  for  in  1828  a  paper, 
**  On  the  Construction  of  Geological  Hammers,"  appeared,  and  again, 
in  1837,  one  '*  On  the  Geol(^cal  Structure  and  Phenomena  of  Suffolk, 
and  its  Physical  Relation  with  Norfolk  and  Essex,"  with  several 
others.  One  of  his  first  papers  on  Australian  geology  was,  we  be- 
lieve, "  On  the  Occurrence  of  Atmospheric  Deposits  of  Dust  and 
Ashes,  with  Eemarks  on  the  Drift  Pumice  of  the  Coasts  of  New 
Holland,"  in  1842. 

With  the  '  Discovery  of  Gold  in  Australia  *  and  the  *  Age  of  the 
N.  S.  Wales  Coal-beds,'  the  name  of  W.  B.  Clarke  will  always  be 
associated.  This  is  not  a  fitting  time  to  enter  into  the  merits  of  his 
controversies  respecting  his  daim  for  priority  in  the  former,  or  his 
views  on  the  latter  question  :  let  it  suffice,  however,  that,  excepting 
Count  de  Strzelecki,  the  palm  has  been  awarded  him  in  the  Gold 
question  by  Prof.  Geikie,  F.R.S.,  in  a  late  work ;  whilst  the  second 
may,  to  a  certain  extent,  still  be  said  to  remain  an  open  question. 
Some  of  the  more  important  subjects  which  engaged  Mr.  Clarke's 
attention  were  the  occurrence  of  gold  in  granite,  the  occurrence  of  the 
diamond  in  New  South  Wales,  and  the  discovery  of  tin  in  Australia. 
The  occurrence  of  the  diamond  appears  to  have  been  known  to 
Clarke  as  early  as  September  1859  ;  whilst  under  this  head  may  be 
mentioned  a  most  exhaustive  and  critical  paper, "  The  Natural  History 
of  the  Diamond,"  delivered  in  the  form  of  two  Anniversary  Addresses 
to  the  Eoyal  Society  (N.  S.  Wales)  on  the  25th  May,  1870,  and  22nd 
May,  1872,  respectively.  Little  doubt  appears  to  exist  that  we  owe 
the  first  actual  discovery  of  tin  in  Australia  to  Mr.  Clarke,  as  de- 
tailed by  himself  in  a  paper  "  On  Mining,"  contributed  to  the  *  Sydney 
Morning  Herald,'  August  16th,  1849.  He  also  reported  on  the  oc- 
currence of  cinnabar  in  New  South  Wales,  and,  by  means  of  a  col- 
lection of  fossils  made  with  the  assistance  of  W.  Hardy,  Esq.,  first 
elicited  the  fact  of  the  occurrence  of  rocks  of  Silurian  age  on  the 
flanks  of  the  Dividing  Range,  a  discovery  for  which  he  was  highly 
complimented  by  the  late  Sir  R.  I.  Murchison.  This  collection  was 
examined  and  determined  by  the  late  Messrs.  Lonsdale  and  Salter ; 
but  a  second  and  more  extensive  one,  gathered  from  all  parts  of  New 
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South  Wales  by  Mr.  Clarke  and  his  friends,  has  lately  formed  the 
subject  of  a  detailed  and  successful  work  by  Prof,  do  Koninck. 

Mr.  Clarke  paid  a  geological  visit  to  Tasmania  in  1856,  and 
another  in  1860,  to  examine  the  country  around  Fingal  and  the  Bon 
River.  Just  as  he  took  an  interest  in  Colonial  Surveys,  so  Into*- 
colonial  Exhibitions  appear  to  have  occupied  much  of  his  time.  He 
took  particular  interest  in  the  Geol(^cal  Sections,  and  frequently 
contributed  articles  to  the  official  catalogues  on  the  resources  of  his 
adopted  country.  He  was  a  member  of  the  N.  S.  Wales  Commis^m 
of  the  Paris  Exhibition  of  1867,  the  Intercolonial  ExhiUtion  of 
1870,  and  the  Philadelphia  International  of  1877.     The  Rev.  W. 

B.  Clarke  was  appointed  in  1839,  by  Sir  G.  Gipps,  a  Trustee  of  the 
Australian  Museum,  Sydney,  and  of  the  Free  Public  library.     Sir 

C.  Fitzroy  placed  his  name  on  the  first  list  of  Fellows  of  Sydney 
University,  an  honour,  however,  never  accepted,  we  believe.  The 
Presidential  and  Vice- Presidential  chairs  of  the  Boyal  Society  of  New 
South  Wales  were  several  times  filled  by  Mr.  Clarke ;  indeed  in  the 
roconstitution  of  the  Society,  a  short  time  since,  he  took  a  most 
lively  interest.  The  Geological  Society  of  London  elected  him  a 
Fellow  in  1826,  and  awarded  him  the  Murchison  Medal  in  1877, 
'^  in  recognition  of  his  remarkable  services  in  the  investigation  of  the 
older  rocks  of  New  South  Wales."  Mr.  Clarke  was  elected  a  Fellow 
of  the  Royal  Society  in  June  1876,  for  "  the  important  part  taken 
(by  him)  in  the  refounding  of  the  Eoyal  Society  of  N.  S.  Wales,  and 
in  the  promotion  of  Scientific  Knowledge  in  the  Colony."  We  believe 
Mr.  Clarke  was  engaged,  only  shortly  before  the  commencement  of 
the  attack  which  resulted  in  his  death,  June  17, 1878,  on  a  Geological 
Map  of  New  South  Wales,  and  on  a  second  edition  of  his  *  South^n 
Gold-fields.'  More  than  half  his  papers  and  reports  have  been 
written  with  a  view  to  the  development  of  the  mineral  resources 
of  his  adopted  country  and  the  well-being  of  his  fellow  agonists. 
Few  are  aware  of  the  immenso  amount  of  work  performed  during  hb 
various  explorations ;  but  it  is  stated  that  he  has  officially  repoited 
on  no  less  an  area  than  108,000  square  miles  of  territory. 

Another  geologist,  best  known  by  his  activity  in  the  extra>£uro- 
pean  parts  of  the  empire,  and  who  has  lately  been  lost  to  us,  is 
Dr.  Thomas  Oldhau,  F.R.S.,  whose  death  occurred  at  Rugby  on 
July  20th,  1878.  Bom  in  Dublin  in  May  1816,  Thomas  Oldham 
received  his  early  education  in  a  private  school  there,  and  was 
entered  as  a  student  at  Trinity  CoU^e  before  he  had  completed 
his  sixteenth  year.  Of  his  University  career  we  have  no  aooount ; 
but  after  he  took  his  degree  of  B.A.,  we  find  him  engaged  in  Edin* 
burgh,  in  the  years  1837  and  1838,  in  the  study  of  engineering,  and 
subsequentiy  engaged  in  extensive  engineering  works  in  the  nd^- 
bourhood  of  that  city.  During  his  residence  in  Edinbui^  be 
availed  himself  of  his  vicinity  to  the  celebrated  Profl  Jameson  to 
obtain  a  sound  knowledge  of  geology  and  mineralogy;  and  on  his 
return  to  Ireland  in  1839,  he  became  principal  geological  assbtant 
to  Captain  (afterwards  General)  Portlock  in  the  Geological  Depart- 
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ment  of  the  Ordnance  Surrey  of  Ireland.  This  was  the  commence-  * 
ment  of  one  of  the  two  sections  into  which  Dr.  Oldham's  life  may 
bo  divided,  namely,  that  in  which  his  activity  was  devoted  to  the 
investigation  of  the  geological  structure  of  his  native  country. 
While  thus  engaged  he  surveyed  the  counties  of  Deny  and  Tyrone, 
and  assisted  in  the  preparation  of  the  report  on  the  geology  of  those 
counties  published  in  1843.  Subsequently,  when  a  distinct  geolo- 
gical survey  was  established  in  Ireland,  under  the  directorship  of 
Capt.  James,  Mr.  Oldham  served  on  it ;  and  on  the  resignation  of 
Captain  James  in  1846  ho  was  appointed  Director,  a  position  which 
he  held  until  he  accepted  the  position  of  Chief  of  the  Geological 
Survey  of  India,  when  ho  was  succeeded  on  the  Irish  establishment 
by  the  late  Prof.  Jukes.  His  duties  on  the  Geological  Survey  of 
Ireland  did  not,  however,  occupy  the  whole  of  his  time :  in  1844 
he  became  Assistant  Professor  of  Engineering  in  Trinity  College, 
Dublin,  under  Prof.  J.  MacMill ;  in  1845  he  was  appointed  to  the 
Chair  of  Geology  in  the  University  of  Dublin  on  the  resignation  of 
Prof.  Phillips ;  and  in  1846  he  became  Lecturer  to,  and  in  1848 
President  of,  the  Geological  Society  of  Dublin.  During  this  period 
Dr.  Oldham  communicated  twelve  papers  to  the  British  Association 
and  the  Dublin  Geological  Society,  all  bearing  on  Irish  geology  and 
palaBontology. 

On  the  14th  November  1850  Dr.  Oldham  was  appointed  by  the 
Directors  of  the  East-India  Company  to  take  charge  of  the  Geolo- 
gical Survey  of  India,  which  up  to  that  time  had  been  very  imper- 
fectly carried  on.  Arriving  in  Calcutta  in  the  early  part  of  the 
year  1851,  he  set  about  organizing  the  survey  on  the  principles 
which  he  had  learned  practically  during  his  labours  in  Ireland ;  and 
in  spite  of  the  difficulties  inseparable  from  the  prosecution  of  geolo- 
gical field-work  in  such  a  country,  and  under  a  climate  such  as  that 
of  India,  he  succeeded  in  bringing  out  a  mass  of  scientific  results 
such  as  no  other  survey  under  the  British  Government  can  show. 
"  With  only  a  small  staff  of  about  twelve  assistants,"  to  borrow  the 
words  of  an  appreciative  writer  in  the  *  Geological  Magazine,'  "  he  set 
resolutely  to  work,  and  at  the  end  of  ten  years  from  the  commence- 
ment of  the  survey,  he  was  able  to  show  an  area,  carefully  mapped 
and  coloured  geologically,  more  than  twice  the  extent  of  the  whole 
of  Great  Britain,  principally  in  Bengal  and  Central  India." 

The  results  of  these  investigations  by  Dr.  Oldham  and  his  assis- 
tants have  been  given  to  the  world  in  a  series  of  publications  which 
almost  rival  those  of  the  United-States  Surveys  in  bulk,  whilst  in 
the  quality  of  their  contents  they  are  at  least  equal  to  the  latter. 
These  are : — the  *  Annual  Keports,'  commenced  in  1853  ;  the  *  Re- 
cords,' commenced  in  1868,  and  now  forming  11  volumes;  the 
*  Memoirs,'  of  which  14  volumes  are  pu-  lished,  commencing  in  1859, 
which,  with  the  ^  Palaeontologia  Indica/  constitute  the  most  valuable 
portions  of  the  publications  of  the  Indian  Survey.  It  is  impossible 
to  overrate  the  importance  of  these  works,  carried  out  under  the 
direct  authority  and  superriaion  of  Dr.  Oldham,  and  for  which, 
consequently,  geologists   are  mainly  indebted  to  him.     He  also 
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^personally  oontribnted  some  of  the  memoirs  published,  espeoitDy 
one  "  On  the  Fossil  Flora  of  the  Eajmahal  series,"  prepared  in  con- 
junction with  Prof.  Morris. 

As  a  matter  of  course,  the  coal  question  is  in  India,  as  eyeiywhere, 
a  most  important  one,  and  from  the  first  the  officers  of  the  Surrey, 
under  the  direction  of  Dr.  Oldham,  turned  their  attention  oarefolly 
to  the  examination  of  the  Indian  deposits  of  fossil  fuel,  and  the 
quality  of  the  coal  contained  in  thctn.  Numerous  memoirs  on  the 
various  coal-fields  have  been  published  from  time  to  time  in  the 
*  Memoirs '  of  the  Survey,  and  in  1867  Dr.  Oldham  presented  to  the 
Secretary  of  State  for  India  an  elaborate  report  **  On  the  Coal- 
Kesources  of  India."  In  the  same  year,  living  in  England,  he  ocod- 
municated  to  the  British  Association  a  report  on  the  Geology  of 
India.  His  only  contribution  to  our  Proceedings  is  a  paper  "  On 
the  occurrence  of  Kocks  of  Upper  Cretaceous  age  in  Eastern  Bengal,'' 
published  in  the  '  Quarterly  Journal '  for  1863. 

During  the  operations  of  the  officers  of  the  Survey  in  various 
parts  of  India,  largo  quantities  of  specimens  of  rocks  and  fossili 
were  naturally  accumulated,  and  these  speedily  formed  an  extoisive 
Museum,  with  which  the  Museum  of  Economic  Geology,  established 
in  1840  under  the  direction  of  Mr.  Piddington,  in  connexion  with 
the  Asiatic  Society  of  Bengal,  was  incorporated.  Over  theee  n^iidly 
increasing  collections  Dr.  Oldham  watched  with  constant  solicitude ; 
and  his  final  action,  in  connexion  with  the  Indian  Geological  Survey, 
was  to  effect  the  transfer  of  the  Museum  and  Library  from  the  Office 
of  the  Indian  Geological  Survey  to  the  Imperial  Museum  in  Calcutta, 
where  they  remain  under  the  charge  of  his  successor,  H.  B.  Medli- 
cott,  Esq.,  M.A.,  F.R.S.,  F.G.S. 

Failing  health,  after  five  and  twenty  years'  residence  in  India,  led 
Dr.  Oldham  to  resign  his  position  as  Superintendent  of  the  Indian 
Geological  Survey  in  the  year  1876,  since  when  he  resided  in 
England,  chiefly  at  Rugby.  He  was  elected  a  Fellow  of  this 
Society  in  1843,  and  of  the  Royal  Society  in  1848.  In  1847  the 
latter  Society  awarded  him  its  Gold  Medal ;  and  he  also  received  a 
Gold  Medal  from  the  Emperor  of  Austria  in  recognition  of  the  value 
of  his  geological  labours  in  India.  Several  foreign  Academies  and 
Societies  also  honoured  him  by  enrolling  him  among  their  foreign 
or  corresponding  members.  The  genus  Oldhamia  was  named  after 
him  by  Prof.  Edward  Forbes,  the  fossils  upon  which  it  was  founded 
having  been  discovered  by  Dr.  Oldham  in  1849  in  the  Cambrian 
rooks  of  the  Wicklow  Hills. 

.  Mr.  Thomas  Belt  was  bom  in  Newcastle-upon-Tyne,  in  the  year 
1S32.  Here  also  he  was  educated  by  Dr.  Bruce ;  but  being  deli- 
cate in  health,  he  was  removed  early  from  school  and  encouraged 
to  devote  himself  to  outdoor  pursuits.  With  this,  his  career  as 
a  naturalist,  in  the  widest  sense  of  the  word,  may  be  said  to 
have  commenced ;  for  ho  became  an  active  member  of  the  Tyneside 
Naturalist  Club,  and  was  the  first,  we  are  informed,  to  discover  the 
mistjetoo  in  that  district. 
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In  1852  be  went  to  AuBtralia,  and  there  worked  at  the  gold- 
diggings,  *'  acquiring,"  as  it  has  been  well  said,  **  in  that  rongh 
Sohool  of  Mines  that  practical  knowledge  which  not  only  served  him 
80  well  in  after  life  in  his  profession,  but  gave  him  that  insight  into 
the  building  of  the  earth's  crust  which  enabled  him  not  seldom  to 
put  forth  novel  theories  in  geology  and  natural  phenomena."  Yet, 
even  in  the  midst  of  this  hard  toil,  he  did  not  forget  his  scientific 
pursuits,  but  elaborated  a  theory  of  whirlwinds  (published  in  the 
'  Philosophical  Magazine '  for  1859),  and  proposed  to  the  Government 
a  plan  for  crossing  the  Australian  continent.  For  this  he  offered 
his  services  in  company  with  his  brother.  Had  this  offer  been  ac- 
cepted by  the  Government,  the  result  would  have  been,  in  any  case, 
less  disastrous  than  that  of  Burke's  expedition  (the  one  which  was 
sent),  and  might  well  have  been  a  complete  success. 

In  1860  Belt  left  Australia,  and  after  a  few  months'  stay  in  Eng- 
land, during  which  he  married,  he  started  for  Nova  Scotia  to  take 
the  charge  of  some  gold-mines.  His  stay  in  that  region  was  brought 
to  a  close  in  consequence  of  an  accident.  He  was  thrown  from  the 
top  of  a  coach,  and  received  so  serious  an  injury  to  the  head  that  he 
was  obliged  to  return  to  England  for  complete  rest.  Though  it  is 
doubtful  whether  he  ever  perfectly  recovered  from  this,  for  there  is 
reason  to  think  it  caused  his  last  illness  to  be  fatal,  he  was  in  a  few 
months  able  to  return  to  work,  and  we  find  him  at  Dolgelly,  where  he 
remained  about  three  years.  The  principal  scientific  result  of  this 
was  a  paper,  published  in  the  *  Geological  Magazine '  for  1867,  "On 
the  lingula  Flags  or  Festiniog  group  of  the  Dolgelly  District,"  in 
which  ho  proposes  its  subdivision  into  the  Maentwrog,  Festiniog, 
and  Dolgelly  groups.  Eariy  in  the  following  year  he  landed  in  Ni- 
caragua, and  there  peissed  four  years  of  active  and  adventurous  life 
in  charge  of  some  mines.  In  1872  we  find  him  once  inore  back  in 
England,  but  not  to  rest ;  for  his  life  afterwards  was  one  of  active 
exertion  and  frequent  travel,  journeying  now  to  Siberia,  now  to  the 
western  slopes  of  the  llocky  Mountains  at  the  call  of  his  profession. 
The  preface  to  his  '  Naturalist  in  Nicaragua '  is  dated  from  Nijni 
Novgorod,  in  1873.  This  admirable  work  of  scientific  travel  and 
observation  is  too  well  known  and  highly  esteemed  to  need  further 
eulogia ;  I  may,  however,  mention  that  in  it  the  author  calls  at- 
tention to  what  are,  in  his  opinion,  evidences  of  the  former  presence 
of  glaciers  in  Nicaragua,  and  intimates  that  belief  in  the  great  accu- 
mulation of  snow  and  ice  during  the  Glacial  Period  which  distiji- 
guished  him  from  most  of  his  fellow  workers.  These  views  were 
a^rwards  confirmed  and  illustrated  by  his  subsequent  travels  and 
developed  by  careful  thought  at  home.  The  most  complete  state- 
ment of  them  wiU  be  found  in  the  *  Quarterly  Journal  of  Science  * 
for  1874.  His  papers  on  the  Drift  of  Devon  and  Cornwall  and  the 
Steppes  of  Southern  Russia,  published  in  our  Journal,  show  his 
powers  as  an  observer  and  his  zealous  support  of  his  favourite  theory. 
Ho  was  also  a  contributor  t^)  the  *  Popular  Science  Review '  and  to 
'  Nature '  on  the  same  and  kindred  subjects,  his  latest  contribution 
being  on  the  discovery  of  human  remains  in  strata  of  Pr^lacial  age 
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in  America.  Even  Uioso  who  differ  most  widely  from  his  condn- 
sions  cannot  fail  to  recognize  the  value  of  his  obserrations. 

In  September  last,  while  in  America,  he  was  seized  with  fever  <m 
rctoruing  from  an  arduous  journey  to  some  mines ;  and,  after  scHne 
days  of  delirium,  during  which,  it  is  said,  his  mind  still  ran  on  hk 
favourite  pursuits,  he  died,  on  the  21st  of  that  month,  at  Kansas  Gty, 

When  in  England  he  was  a  frequent  attendant  and  speaker  at  oor 
evening  meetings,  and  will  be  much  missed  and  r^;retted ;  for,  as  it 
has  be^  well  observed,  '*  his  controversial  speaking  and  writing  was 
always  marked  by  a  candour  and  temper,  which  if  it  did  not  carry 
conviction,  could  not  fisdl  to  elicit  admiration." 

At  Turin,  on  the  5th  of  January,  the  distinguished  Italian  geologkt^ 
Bjlbtolomso  Gasialdi,  one  of  our  Foreign  Members,  died  at  the  age 
of  61 .  He  was  Professor  of  Geology  at  the  University  and  at  the  School 
of  Application  for  Engineers,  as  well  as  Director  of  the  Geological 
and  Civic  Museums  of  Turin.  Besides  being  one  of  Uie  t^rehv 
members  of  the  Academy  of  Sciences  of  Eome,  and  one  of  the  foity 
members  of  the  Society  of  Sciences  of  Italy,  he  belonged  to  many 
other  Italian  scientific  and  literary  societies,  among  which  may  be 
named  the  Geological  Committee  of  Italy.  He  was  also  a  oorr&- 
spending  member  of  the  Imperial  Geological  Institute  of  Yiennay 
and  of  the  Society  of  Sciences  of  Copenhagen. 

Having  abandoned  the  study  of  law,  which  he  followed  for  a  timo 
by  the  wish  of  his  father,  ho  entered  the  School  of  Mines  at  Paris 
with  his  most  intimate  friend  Quintino  Sella,  himself  a  distinguished 
crystallographer,  and  since  well  known  as  Minister  of  Finance  and 
Chief  of  the  Eight  of  the  Italian  Parliament.  On  the  retirement 
of  Signer  Sella  from  the  office,  he  succeeded  him  as  Professor  of 
Geology  at  the  School  of  Application  for  Engineers.  ' 

Professor  Gastaldi's  earliest  geological  memoir  is  on  the  Penta- 
crinites  of  the  Miocene  strata  of  Turin,  published  in  1845 ;  and  up  to 

1861  his  memoirs  chiefly  deal  with  palseontology,  such  as  the 
dentition  of  Anihracotherium  inagnum^  the  fossil  bones  of  Mammalia 
of  Piedmont,  and  also  with  the  bronze  and  stone  implements  found 
in  the  peat  and  marls  near  Arena,  Modena,  and  other  places.     In 

1862  and  1863  he  published  his  celebrated  memoirs  on  the  com- 
position of  the  Miocene  conglomerates  of  Piedmont,  and  showed 
that  many  of  the  blocks,  large  and  small,  were  erratic  boulders  from 
thp  pre-Mioccne  Alps,  some  of  them  being  marked  with  gladal 
striations.  In  1868,  1864,  and  1867  he  turned  his  attention  to  the 
great  Alpine  lakes,  and  for  long  refused  to  acknowledge  that  they 
were  excavated  by  the  action  of  glaciers ;  but,  with  a  candour  not 
always  common  among  geologists,  in  1873  he  sent  two  copies  of 
a  letter,  one  to  Sir  Charles  Lyell  and  the  other  to  Professor  Eamsay, 
in  which  he  candidly  acknowledged  that  he  had  been  wrong,  and 
permitted  the  letter  to  be  published  in  the  Journal  of  this  Society, 
"  On  the  effects  of  Glacier-erosion  in  Alpine  Valleys."  With  the 
geology  of  the  Italian  Alps  he  was  thoroughly  acquainted,  especially 
with  the  western  portion  of  the  chain ;  and  he  published  several 
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important  memoirs  descriptive  of  the  stratified  formations  and  the 
crystalline  and  metamorphio  rocks  of  these  regions. 

In  his  private  capacity  no  one  was  more  beloved  than  Qastaldi  by 
a  numerous  circle  of  friends  ;  and  many  geologists  who  visited  Turin 
will  not  easily  forget  the  kindness  with  which  he  aided  them  in 
their  geological  pursuits  in  the  land  he  knew  so  well.  The  death 
of  Qastaldi,  at  the  age  of  61,  leaves  a  blank  among  the  geologists  of 
Italy  that  will  not  easily  be  filled. 

BicHABD  Daiktreb,  C.M.G.,  was  bom  at  Hemingford  AbbottSi 
Huntingdonshire,  in  December  1831,  and  was  educated  at  the  Bed- 
ford Grammar  School  and  Christ's  College,  Cambridge.  In  conse- 
quence of  delicate  health  Mr.  Daintree  was  recommended  a  voyage 
to  Australia ;  and  ho  accordingly  set  sail  for  Melbourne,  where  ho 
landed  in  the  latter  part  of  1852.  A  taste  for  scientific  pursuits 
brought  him  into  contact  with  Mr.  A.  B.  C.  Selwyn,  the  Government 
Geologist  of  Victoria,  whose  Assistant  he  became  in  1854 ;  but  find- 
ing that  a  more  practical  acquaintance  with  chemistry  and  assaying 
than  he  at  that  time  possessed  would  prove  beneficial  to  his  prospects, 
he  returned  to  England  in  1866  and  entered  Dr.  Percy's  laboratory. 
Here  he  worked  from  November  1856  to  May  1857>  and  became  a 
practised  and  efficient  assayer,  to  which  he  added  a  knowledge  of 
practical  photographic  chemistry. 

In  August  1857  Mr.  Daintree  returned  to  Melbourne,  and  in  1858 
was  appointed  Field^Geologist  on  the  Geological  Survey  of  Victoria, 
which  had  by  this  time  been  established  on  a  firm  basis  through  the 
energy  of  its  Director,  Mr.  A.  R.  C.  Selwyn,  F.R.S,  During  his 
connexion  with  the  Victorian  Survey,  for  the  next  seven  years,  Mr. 
Daintree  was  occupied  in  field-work  and  exploration  of  no  ordinary 
nature.  He  commenced  in  the  Western-port  district,  directing  his 
attention  to  the  Cape-Paterson  Cool  Series.  In  exploring  the  Bass 
Biver,  Daintree  underwent  much  hard  camp  life,  and  endured  many 
privations  in  penetrating  the  dense  scrubs  of  that  district. 

The  geology  of  the  Bellerino  District,  lying  between  Geelong  and 
Queensdiff,  next  engaged  Mr.  Daintree's  attention.  A  series  of  ex- 
tensive borings  for  coal  through  the  Mesozoic  rocks  were  there 
superintended ;  but,  although  about  4000  feet  of  strata  were  passed 
through,  the  search  was  fruitless.  On  leaving  Bellerine  in  1801, 
Mr.  Daintree  was  joined  by  Mr.  C.  S.  Wilkinson  (now  Government 
Geologist  for  New  S.  Wales)  as  his  assistant ;  and  until  March  1864 
they  were  conjointly  engaged  in  the  geological  survey  of  the  countrj* 
from  Bass's  Straits  on  the  south  to  Bacchus  Marsh  on  the  north. 

In  1864  Daintree  resigned  his  connexion  with  the  Victorian 
Civil  Service,  and  entered  into  pastoral  pursuits  on  the  River  Clarke, 
Burdekin  River,  North  Queensland  ;  but  during  one  of  the  several 
trips  made  by  him  about  that  time  between  Melbourne  and  the 
northern  colony,  ho  found  time  to  make  a  partial  examination  of  the 
New-South-Wales  Coal-field.  It  was  while  engaged  in  those  explo- 
rations that  Mr.  Daintree  studied  the  modes  of  occurrence  of  gold 
in  rocks,  and  was  led  to  those  views  on  the  origin  of  auriferous 
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deponts  which  he  snbeequently  propounded  before  this  Society  with 
80  much  ability. 

The  geological  and  other  scientific  aoqnirementB  of  Bichard  Dain- 
tree  were  not  lost  upon  the  Queensland  Government ;  for  in  1867 
they  requested  him  to  make  an  examination  of  the  Cape-EiTer 
duBtricty  which  resulted  in  the  opening  up  of  the  Cape-River  QkM- 
field*  In  1869  he  was  appointed  Ooyemment  Geologist  for  North 
Queensland,  whilst  the  late  Mr.  C.  D'Oyley  H.  Aplin  was  appointed 
to  a  similar  post  in  the  southern  part  of  the  same  colony.  The 
Queensland  Government  were  able  to  secure  the  latter  gentleman*! 
services  through  the  parsimony  of  the  authoritiee  of  the  Victorian 
Colony  in  breaking  up  one  of  the  most  complete  Geological  Surreys 
ever  organize,  except  perhaps  that  of  the  United-States  Terri- 
tories under  Dr.  F.  V.  Hayden.  During  the  three  years  intervening 
between  1869  and  1871,  Hir.  Daintree  examined  large  areas  in  North 
Queensland,  including  those  of  the  Gilbert  and  Etheridge  rivers  and 
the  Ravenswood  district,  which  have  since  proved  highly  auriferous 
and  remunerative  to  those  employed  on  them. 

The  importance  of  proper  and  efficient  representation  at  the 
London  Exhibition  of  1872  was  not  overlooked  by  theQueenslanders ; 
and  in  1871  Mr.  Daintree  was  appointed  Special  Commissioner,  and 
in  consequence  left  the  colony.  The  wisdom  of  the  Colonial  Govern- 
ment's selection  cannot  be  better  borne  out  than  by  the  admirably 
organized  and  arranged  Queensland  Annexe  of  that  and  succeeding 
Exhibitions,  in  the  administration  of  which  Mr.  Daintree  took  the 
entire  superintendence  and  most  active  part,  although  latterly  mudi 
broken  in  health.  The  office  of  Agent-General  in  London  to  the  Colony 
of  Queensland  falling  vacant  at  this  time,  the  subject  of  our  nodce  was 
appointed  to  it  in  March  1872,  a  post  held  by  lum  until  1876,  when, 
in  consequence  of  ill  health,  he  was  obliged  to  resign.  It  is  grati^- 
ing  to  find  that  the  services  rendered  by  Mr.  Daintree  to  the  Colony 
in  his  official  capacity  and  to  colonial  science  generally  were  so  far  re- 
cognized by  the  Home  Authorities  that  it  pleased  Her  Majesty,  on  his 
retirement,  to  confer  on  him  the  well-merited  honour  of  C.M.G.  It 
was  hoped  by  his  friends  that  rest  and  change  would,  to  some  ex- 
tent at  least,  restore  his  shattered  health ;  but,  notwithstanding  a 
residence  at  Mentone  during  the  winters  of  1876  and  1877  and  all 
that  professional  attention  and  affectionate  family  care  could  do,  he 
gradually  sank,  and  died  June  20,  1878,  shortly  after  reaching  this 
country. 

Richard  Daintree  was  an  enthusiastic  man  of  science,  and  espe- 
cially devoted  himself  to  geology,  chemistry,  and  photo^graphy ;  a 
man  of  great  determination  and  strength  of  character,  methodical 
and  practical  in  all  his  habits,  a  genial  companion,  a  true  friend, 
and  a  most  conscientious  servant  of  the  Crown.  He  has  unfortu- 
nately passed  from  amongst  us  at  a  time  when,  had  he  retained  his 
health,  his  vast  knowledge  of  Australian  geology  would  have  been 
of  inestimable  value  to  science,  especially  to  that  branch  to  which 
he  had  more  particularly  devoted  himself, — the  origin  and  occur- 
pence  of  gold.     His  memory  will  long  linger  in  the  minds  of  his 
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many  close  and  intimate  friends,  and  in  none  more  than  those  who 
had  the  pleasure  of  his  acquaintance  during  the  active  years  of  his 
life,  and  who  shared  with  him  some  of  the  dangers  and  difficulties 
of  "  bush  life,"  which  have,  we  fear,  in  a  great  measure  tended  to 
shorten  the  career  of  one  of  the  most  accomplished  of  Australian 
geologists. 

Thomas  Sopwith,  M.A.,  F.R.S.,  &o.,  Memb.  Inst.  C,E.,  was  the 
only  son  of  Mr.  Jacob  Sopwith,  of  Newcastle-on-Tyne  ;  he  was  bom 
in  that  town  on  January  3,  1803,  and  died  at  his  residence  in  West- 
minster, January  18,  1879.  He  was  first  known  as  a  director  of  the 
large  cabinet  and  upholstery  manufactory  that  still  bears  his  name, 
where  he  gave  early  proof  of  the  great  practical  capacity  of  which 
he  was  possessed  by  the  excellence  of  the  articles  produced,  the  new 
designs  of  which  he  was  himself  the  author,  and  by  attention  to  the 
construction  of  the  workshops  and  residences  of  the  workmen.  The 
scientific  bent  of  his  mind  evinced  itself  in  the  study  which  he  de- 
voted to  mining  and  railway  engineering ;  and  the  skill  which  he 
attained  in  these  branches  was  practically  brought  to  bear  in  several 
extensive  undertakings  both  in  this  country  and  on  the  continent. 
As  one  of  the  sister  sciences,  he  also  paid  much  attention  to  geology ; 
and  here,  too,  his  reputation  was  great.  He  invented  and  con- 
structed a  number  of  large  geological  models  of  mining  districts  (de- 
scribed in  our  *  Proceedings,'  vol.  iii.  p.  351),  which  have  places  in 
the  Government  Museum  of  Practicd  Geology  in  London,  as  well 
as  in  the  museums  of  Oxford  and  Cambridge  ;  and  on  the  26th  of 
January  1842  he  was  awarded  the  Telford  silver  medal  for  a  paper 
on  this  subject  by  the  Institution  of  Civil  Engineers,  of  which  he 
was  a  member.  .  About  the  same  time  he  published  an  able  book  on 
the  Mining  and  Geological  Phenomena  of  Northumberland  and 
Durham,  the  work  giving  ample  evidence  of  the  complete  knowledge 
he  had  of  the  lead-  and  other  mining-fields  of  those  two  great  mineral 
counties.  In  1838  Mr.  Sopwith  was  appointed  Commissioner  for 
the  Crown  under  the  Dean-Forest  Mining  Act ;  and  in  the  same 
year  he  took  an  active  part  in  the  proceedings  of  the  British  Asso- 
ciation, which  then,  for  the  first  time,  met  in  his  native  town,  New- 
castle. By  representations  which  he  made  on  that  occasion  to  the 
Council,  he  was  instrumental  in  causing  the  formation  of  the  pre- 
sent Mining  Records  Office,  from  which  the  most  useful  results  have 
flowed.  In  the  year  1845,  Mr.  Sopwith  received  a  mark  of  high 
confidence  and  esteem  in  his  appointment,  as  the  successor  of  Mr. 
Crawhall,  to  the  management  of  Mr.  Wentworth  B.  Beaumont's 
vast  mining  property  in  Allendale.  He  now  resided  at  Allenheads ; 
and  while  zealously  applying  himself  to  the  requirements  of  his  new 
vocation,  he  yet  found  considerable  time  to  devote  to  those  scientific 
pursuits  to  which  he  was  so  ardently  attached.  Mr.  Sopwith  re- 
linquished his  position  as  agent  and  manager  to  Mr.  Beaumont  in 
1871,  after  having  completed  half  a  centnry  of  active  work  in  his 
profession.  Since  this  period  the  deceased  gentleman  lived  in 
iMtdon  in  comparative  retirement ;  and  now  that  he  is  gone  hit 
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name  will  be  long  cherished  as  one  of  the  not  few  sdentific  sons  of 
eminence  to  whom  Newcastle  has  given  birth. 

Mr.  James  Gat  SAWEnre,  a  Fellow  of  long  standing,  baving  been 
elected  in  1855,  died  at  Tamham  Green,  on  the  20th  of  July  last, 
at  the  age  of  72.  Nearly  fifty  years  of  his  life  were  spent  in  wan- 
dering over  the  surface  of  the  earth.  Bom  in  Southampton  in 
1806,  he  accompanied  his  parents,  at  ike  age  of  14,  to  the  United 
States,  where  he  resided  some  time,  living  by  the  exercise  of  ha 
very  considerable  powers  as  an  artist,  and  by  holding  a  proferaoTBhip 
of  drawiog  at  a  college  in  Yiiginia.  This  sedentary  life  seems  to  hare 
been  little  to  his  taste,  and  he  first  travelled  into  the  regions  west 
of  the  Mississippi,  then  wild  and  but  little  known,  and  sabeeqn^itlj, 
after  a  short  residence  at  New  Orleans,  passed  into  Mexico  in  1830. 
Hero  he  continued  to  exercise  his  profession  as  a  painter,  but  also, 
in  travelling  about,  paid  considerable  attention  to  the  nuneral  re- 
sources of  the  country.  Five  years  later  he  went  to  Gnba,  where 
he  combined  mining-operations  with  his  ordinary  artistic  employ- 
ment, and  resided  for  ten  years,  subsequently  passing  into  Peru,  and 
remaining  there  until  the  announcement  of  the  discovery  of  gold  in 
California  led  to  his  removal  to  that  country  in  connexion  with  a 
Peruvian  Mining  Company.  On  the  failure  of  this  undertaking, 
Mr.  Sawkins  went  to  the  Sandwich  Islands,  and  afterwards  to  Aus* 
tralia,  where  he  was  engaged  in  the  inspection  of  mining-propertica, 
and  in  the  exploration  of  a  large  tract  of  territory  in  the  west  and 
north-west  of  the  present  colony  of  Queensland. 

After  all  these  wanderings,  Mr.  Sawkins  was,  in  1856,  appointed 
to  the  Geological  Survey  of  the  West  Indies,  and,  in  conjunction 
with  Mr.  G.  P.  WaU,  F.G.S.,  carried  out  an  excellent  survey  of  the 
island  of  Trinidad,  the  report  on  which,  published  in  1860,  contains 
abundant  evidence  of  the  artistic  ability  of  Mr.  Sawkins,  in  the 
numerous  admirable  views  with  which  it  is  illustrated.  Subse- 
quently Mr.  Sawkins  was  appointed  to  cooperate  with  the  late 
Mr.  Lucas  Barrett  in  the  Geological  Survey  of  the  great  island  of 
Jamaica,  which,  after  the  lamented  death  of  that  young  naturalist, 
he  carried  out  most  successfully,  with  the  aid  of  the  late  Mr.  Arthur 
Lennox  and  Mr.  C.  Barrington  Brown.  He  was  also  engaged  upon 
a  geological  survey  of  Demerara,  the  only  published  record  of  which 
is  contained  in  a  paper  entitled  "  Geological  Observations  on  British 
Guiana,"  in  the  'Quarterly  Journal'  for  1871.  At  this  time 
Mr.  Sawkins  had  returned  to  settle  in  England,  and  he  resided  in 
the  neighbourhood  of  London  until  his  death.  Besides  the  above- 
mentioned  paper,  he  communicated  to  this  Society  some  notes  ^  On 
the  movement  of  Land  in  the  South-Sea  Islands  "  (Q.  J.  G.  8.  vol.  xii.), 
and  a  paper  "  On  the  Association  of  Granite  with  the  Tertiary  Strata 
near  Kingston,  Jamaica  "  (ibid.  vol.  xix.). 

Mr.  John  Samuel  Dawes,  who  died  at  Edgbaston  on  the  20ih 
December  last,  was  born  in  Birmingham,  in  the  year  1802. 
Employed  assiduously  in  the  iron  mauufacture,  in  which  he  became 
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the  chief  of  an  extensive  establishment  when  only  21,  Mr.  Dawes 
nevertheless  found  leisure  from  his  occupations  to  pay  considerable 
attention  to  geology,  and  especially  to  the  fossil  plants  of  the  Coal- 
measures.  He  became  a  Fellow  of  this  Society  in  1842,  and  soon 
afterwards  (in  1845)  our  Quarterly  Journal  contained  two  papers 
from  his  pen— one  describing  the  fossil  stem  of  a  large  tree  found  in 
the  coal-grits  near  Darlaston,  the  other  treating  of  Uie  structure  of 
the  fossils  known  as  StemhcrgicB,  which,  in  opposition  to  the  general 
opinion  at  the  time,  he  made  out  to  be  medullary  cavities  of  stems 
ihe  rest  of  which  had  been  lost.  In  1848  Mr.  Dawes  communicated 
to  the  Society  some  remarks  upon  the  internal  structure  of  ffalonia, 
and  in  1849  and  1851  some  observations  upon  the  structure  of 
Calamites^  both  of  which  contained  valuable  information  in  advance 
of  previous  knowledge.  These  were  Mr.  Dawes's  last  communica- 
tions to  this  Society,  although  he  still  continued  to  collect  and  study 
the  plants  of  the  Coal-measures,  of  which  he  accumulated  a  very 
fine  and  interesting  series. 

As  a  practical  man,  Mr.  Dawes  was  noted  for  the  introduction  of 
a  patented  process  for  the  employment  of  hydrogen  gas  in  the  blast- 
furnace, which  was  brought  into  use  in  his  Oldbury  works,  and  upon 
which  he  read  a  paper  at  the  Meeting  of  the  British  Association  in 
1838.    The  hydrogen  was  obtained  by  the  decomposition  of  water. 

In  1861,  about  the  time  of  his  retirement  from  the  iron-trade,  he 
commenced  the  great  Manor-Lane  trial-sinkings  in  East  Worcester- 
shire, which  he  carried  on  for  years  with  the  most  indomitable  per- 
severance and  in  spite  of  almost  insuperable  difficulties,  until,  having 
reached  a  depth  of  nearly  1200  feet,  coal  was  found,  leading  to  the 
opening  out  of  a  workable  seam,  firom  which,  about  two  years  ago, 
upwards  of  500  tons  of  coal  were  turned  out  daily  through  a  single 
shaft. 

Mr.  Dawes  was  also  one  of  the  most  active  founders  of  the  Bir- 
mingham and  Midland  Institute,  which  has  done  so  much  for  the 
advancement  of  science  in  the  Midland  counties  of  England. 
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Ik  now  proceediBg  to  the  more  special  portion  of  my  Addraa,  I 
propose  to  treat  on  the  stractnre  and  origin  of  linmionfiB,  lelyiiig 
mahily  on  my  own  obsenrations,  but  incorporating  general  Cadi 
derived  from  oiiier  sources.  I  have  now  for  nearly  thirty  yeen 
been  studying  various  questions  essential  to  the  proper  elucidiation 
of  my  subject,  and  yet  I  feel  painfully  conscious  how  much  atOl 
remains  to  be  learned.  Some  of  these  questions  are  not  atrictly 
geological,  but  yet  are  as  necessary  in  studying  limeetone  rocka  as 
anatomy  is  for  paleontology.  I  shall,  therefore,  not  scruple  to  enter 
into  them  so  far  as  appears  desirable  to  establish,  on  a  good  founda- 
tion, the  more  speciaUy  geological  conclusions. 

Microscopical  structure  of  Uving  Shells^  S^c» 

Limestones  being  mainly  derived  from  broken-up  and  decayed 
shells  and  corals,  it  is  in  the  first  place  necessary  to  understand  the 
structure  and  mineral  constitution  of  modem  calcareous  organiamt. 
Their  general  microscopical  characters  have  already  been  well  de> 
scribed  by  Carpenter  and  other  writers ;  but  they  have  looked  upo& 
them  far  too  much  from  a  biological  point  of  view  for  my  present 
purpose.  The  purely  mineral  structure  of  the  carbonate  of  lime 
plays  a  much  more  important  part  than  has  often  been  ascribed  to 
it.  Though  as  a  mineralogist  I  might  be  tempted  >^  exaggerate  the 
effects  of  crystalline  structure,  and  could  easily  refer  to  examples  in 
which  simple  mineral  growth  gives  rise  to  appearanoes  closely  like 
those  ohaxaoteristic  of  living  tissues,  yet  I  think  we  should  err  quite 
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as  mnch  if  we  were  to  ignore  the  organic  stmctore  of  many  shells. 
I  folly  agree  with  Dr.  Carpenter  in  many  particulars.  He  has 
himself  dnly  recognised  the  effects  of  crystallization  in  some  in- 
stances. I  differ  from  him  mainly  as  to  the  extent  to  which  this 
influence  is  apparent,  and  have  been  led  to  do  so  because  I  have 
studied  the  question  by  different  methods,  and  from  another  point 
of  view.  I  must  also  differ  in  the  very  opposite  direction  firom  the 
eondusions  arrived  at  by  Mr.  Eainy,  described  in  his  interesting 
work  on  the  formation  of  the  shells  of  animals  (London,  1858).  I 
can  fully  bear  out  much  that  he  says  respecting  the  growth  and 
structure  of  microscopic  crystals.  I  can  also  confirm  many  of  his 
conclusions,  and  believe  that  the  structure  of  many  shells  may,  in 
great  measure,  be  ascribed  to  mineral  growth ;  but  at  the  same  time 
there  are  other  structures  which  seem  to  me  to  be  so  independent  of 
the  crystallization  of  the  carbonate  of  lime,  and  really  occur  where 
none  is  present,  that  I  think  he  has  pushed  his  theory  too  far.  By 
my  own  independent  study  of  a  large  number  of  thin  sections 
(specially  prepared  by  myself)  of  almost  all  the  leading  groups  of 
calcareous  organisms,  both  recent  and  fossil,  I  have  been  led  to 
follow  a  middle  course  between  the  two  extremes,  and  have  endea^ 
▼ouitjd,  as  far  as  possible,  to  ascertain  to  what  extent  the  structure 
in  each  case  is  due  to  the  organic  and  to  the  mineral  constituents. 

Since  I  must  not  enter  more  than  is  necessary  into  the  biological 
department  of  my  subject,  I  will  not  attempt  to  pass  in  review  what 
has  been  written  by  previous  authors,  but  will  confine  myself  to  a 
few  well-marked  illuBtrations  drawn  from  my  own  objects,  even 
though  some  of  the  facts  may  not  be  new. 

Por  the  purpose  of  the  present  inquiry  it  is  absolutely  necessary 
to  avaU  ounelvee  of  all  the  resources  of  polarized  light.  The  plate 
of  quartz  described  by  me  in  the  ^ Monthly  Microscopical  Journal'* 
is  of  very  great  use.  It  is  a  somewhat  long  wedge,  cut  parallel  to 
the  principal  axis,  which  lies,  so  to  speak,  in  the  line  of  the  dip  of 
the  wedge.  It  is  fixed  into  a  brass  mounting,  sliding  into  the  eye- 
piece like  a  micrometer,  and  it  enables  us  at  once  to  ascertain  the 
direction  of  the  -|-««  or  — «»  axis  of  any  double  refracting  crystal, 
and  the  exact  order  of  the  colour  which  it  gives  with  polarized  light. 
We  can  thus  easily  ascertain  the  direction  of  the  principal  axis  of 
any  minute  portion  of  calcite  or  aragonite  in  a  thin  section,  which  is 
often  of  great  importance  in  connexion  with  the  subject  before  us. 

As  an  example  of  structure  certainly  independent  of  crystalliza- 
tion, I  would  refer  to  the  shell  of  Orhkvda.  Some  of  the  layers  are 
exclusively  composed  of  horny  material ;  but,  in  addition  to  this, 
some  layers  have  been  hardened  by  the  deposition  of  crystalline 
calcareous  matter,  easily  recognized  by  its  powerful  depolarizing 
action.  Right  through  the  whole  shell,  perpendicular  to  the  surface 
of  growth,  pass  fine  fibres,  most  distinct  in  the  layers  containing  no 
mineral  deposit.  Here,  then,  we  have  an  organic  structure  plainly 
independent  of  crystallization.  When  crystals  have  been  deposited, 
their  ^incipal  axis  is  inclined  at  high  angles  to  the  plane  of  growth. 
♦  Yol.  rriii.  1877,  p.  299. 
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Similarly  in  the  shell  of  the  common  crab  are  small  portions  con- 
taining no  carbonate  of  Hme,  which  yet  have  a  perfect  fibrous  struc- 
ture, continued  forwards  into  adjoining  crystals,  the  d^osition  of 
which  naturally  makes  the  fibres  less  distinct.  We,  bowerer,  see 
that,  on  the  whole,  the  organic  structure  and  the  general  surface  of 
growth  had  a  great  influence  in  determining  the  directioa  of  the 
principal  axis  of  the  crystals.  On  an  ar^age  it  is  i^arallel  to  the 
hbres,  and  perpendicular  to  the  surface  of  growth,  so  that,  if  the 
above-namMl  facts  had  not  been  known,  the  whole  struetoro  mi^ 
hare  been  attributed  to  the  growth  of  fibrous  crystals.  Attcntioii 
to  minute  detail,  however,  shows  that  the  parallelism  between  the 
axes  and  the  fibres  is  only  general,  and  subject  to  many  decided  local 
variations. 

As  an  illustration  of  a  shell  having,  as  I  think,  no  trace  of  trae 
organic  structure,  I  would  refer  to  the  tube  of  Teredo,  When  cot 
perpendicular  to  the  surface  it  shows  irregular  prismatic  crystds, 
placed  on  an  average  perpendicular  to  the  surface.  When  the 
section  is  cut  paralld  to  the  surface  we  see  that  these  prisma  vary 
in  size  and  in  outline,  the  whole  structure  being  identical  with  that 
of  many  small  veins  of  calcite,  seen  in  thin  sections  of  rocks. 

On  comparing  the  structure  of  Teredo  with  the  prismatic  layer  of 
Pinna  and  some  other  allied  shells,  we  cannot  fail  to  remark  that  in 
these  the  prisms  are  so  much  more  regular  and  uniform  that  it  seems 
necessary  to  look  for  some  special  cause  for  the  difference.  On  ex- 
amining the  growing  edge  of  A^u>don  eygneus  there  does  ^^lear  to 
be  some  evidence  of  the  formation  of  rudimentary  cells  or  nudei, 
free  from,  or  only  very  partially  filled  with,  carbonate  of  lime.  On 
tracing  these  forward  from  the  growing  edge  it  seems  to  me  as 
though  they  had  the  power  of  secreting  calcite,  afterwards  growing 
up  into  prisms  in  accordance  with  purely  crystalline  laws.  Some 
such  controlling  action  of  an  organic  structure  would,  I  think,  serve 
to  explain  many  other  cases  in  which  it  \b  difficult,  if  not  impossible, 
to  attribute  such  various,  though  uniform,  structures  to  purefy 
mineral  growth,  and  still  less  to  organic  structure,  indepoideiit  oi 
it.  In  &ct,  to  sum  up  my  general  conclusions,  I  would  say  that  in 
some  shells  the  characteristic  structure  is  truly  organic,  in  others 
mineral,  but  perhaps  in  most  cases  a  combination  of  both  in  varying 
proportion,  the  one  influencing  the  other  to  a  greater  or  less  extent^ 
according  to  circumstances,  the  truly  crystalline  characters,  periu^ 
being  visible  only  when  we  use  polarized  light. 

Mineral  fiature  of  STidh,  4'c, 

There  can  be  no  doubt  that  the  carbonate  of  lime  sometimee  exists 
in  the  form  of  a  calcite,  and  sometimes  in  that  of  aragonite.  In 
connexion  with  the  subject  before  us  the  most  important  differences 
between  these  two  minerals  arc  that  calcite  is  opticaUy  uniaxial  and 
aragonite  biaxial ;  that,  when  pure,  calcite  has  a  specific  gravity  of 
about  2-72,  but  aragonite  of  about  2*93 ;  and  that  aragonite  is  so 
much  harder  than  calcite  that  it  will  scratch  a  cleavage-plane  of 
Iceland  spar  in  the  line  of  the  shorter  diagonal  of  the  rhombic  face 
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wbon  drawn  over  it  from  the  yertex  of  the  rhombohedron.    In  this 
direction  calcite  will  not  scratch  it. 

It  is  seldom  that  the  crystalline  structure  of  shells  is  sufficiently 
uniform  to  show  the  system  of  coloured  rings  in  a  polariscope.  Some 
varieties  of  pearl  do,  however,  give  the  doublo  system,  characteristic 
of  aragonite ;  and  large  spines  of  Echinus^  cut  transversely,  show  the 
single  system,  characteristic  of  calcite. 

If,  as  in  the  case  of  the  shells  of  Gastropoda  and  Conchifera,  the 
calcareous  matter  consists  wholly  of  either  calcite  or  aragonite,  the 
true  mineral  constitution  can  be  determined  by  the  hardness ;  but 
if,  as  in  some  other  organisms,  calcite  is  mixed  with  a  small  quantity 
of  aragonite  or  phosphate  of  lime,  the  test  is  of  little  value.  On  the 
'Whole  it  can  be  looked  upon  as  only  a  test  for  the  presence  or  ab- 
sence of  aragonite  or  phosphate  of  lime,  either  intimately  mixed  or 
existing  in  the  form  of  a  superficial  enamel.  There  can  be  no  doubt 
that  the  best  indication  of  the  true  mineral  nature  of  any  calcareous 
oiganism  is  the  specific  gravity,  carefully  determined  from  very  fine 
powder.  In  my  experiments  I  used  every  care  to  prevent  the  pre- 
sence of  minnte  bubbles  of  air.  The  powder  was  boiled  in  water  in 
a  flask,  which  was  tightly  corked  whilst  the  steam  was  escaping. 
On  cooling,  this  of  course  gave  rise  to  a  partial  vacuum.  The  powder 
was  also  left  some  time  in  the  water  thus  freed  from  air,  which 
would  dissolve  any  minute  bubbles  that  might  have  remained.  We 
may  thus  obtain  results  which  appear  to  me  very  satisfactory,  and 
with  proper  care  there  should  be  no  error  greater  than  a  unit  or 
two  in  the  second  place  of  decimals,  at  all  events  no  error  that 
would  invalidate  my  conclusions.  The  presence  of  organic  matter 
reduces  the  density,  since,  as  far  as  I  have  been  able  to  determine, 
its  specific  gravity  is  about  1*5.  If,  however,  the  amount  of  this 
organic  matter  be  ascertained  by  carefully  burning  it  off  and  re- 
storing, by  means  of  a  solution  of  carbonate  of  ammonia,  any  car- 
bonic acid  that  may  be  lost,  it  is  easy  to  calculate  out  the  true 
specific  gravity  of  the  earthy  matter  itself  as  it  exists  in  the  shell. 
It  is  such  corrected  results  which  I  give  in  the  following  descriptions. 
I  have  thus  studied  suitable  examples  of  the  vaiious  organisms,  and 
have  been  able  to  confirm,  extend,  and  modify  Hose's  conclusions*. 
I  must,  however,  confess  that  very  much  still  remains  to  be  learned 
respecting  questions  which  have  been  raised  by  experiments  made 
daring  the  last  week,  which  could  be  answered  only  by  months  of 
experimental  research.  The  facts  already  known  are,  however, 
sufficient  to  show  that  the  difference  in  the  mineral  constitution  of 
calcareous  organic  bodies  plays  a  most  important  part  in  the  pre- 
servation of  fossils,  and  a  knowledge  of  it  is  very  essential  in  study- 
ing limestones. 

As  far  as  I  have  been  able  to  examine  them,  the  constitution  of 
the  principal  groups  of  calcareous  organisms  is  as  follows ;  but  at 
the  same  time,  judging  from  what  occurs  in  the  case  of  Gastropoda, 
which  Bose  beUev^  to  be  always  aragonite,  it  is  possible  that  also 

»  AbhandL  Berlin,  1858,  p.  63. 
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im  otiMr  cases  there  may  be  some  special  ezeeptions  to  the  ] 
rale. 

Chruikieea. — The  propoitioii  of  oi^ganie  matter  in  ^le  sh^  of  Ihe 

oommon  orab  is  large,  Imt,  when  properiy  ooneeted  for  it^  the  ^eeifie 

gravity  of  the  earthy  matter  is  2*77.     This  and  the  hardness  diov 

I  that  ^e  principal  constitoent  is  caldte,  hardened,  mainly  on  the 

\  surface,  probably  with  a  small  amount  of  phosphate  <^  lime. 

Cephalopoda, — ^The  shell  of  NatUHut  has  a  corrected  sp.  gr.  of 
2*95,  and  is  therefore  aragonite  with,  perhaps,  a  trifle  of  pho^iliate. 
That  of  the  internal  shell  of  8&pia  is  2*91,  so  Ihat  it  also  is  mainly 
aragonite. 

Gastropoda. — The  greater  part  are  wholly  aragomte,  hsring  a 
sp.  gr.  of  2*90 ;  bat  in  some,  like  Patella,  Fusus^  Liiorima^  sad 
Pwpura^  the  outer  layer,  whidi  also  has  an  abnormal  muaoseopiesl 
Btrocture,  is  calcite,  haying  a  sp.  gr.  of  about  2*70. 

ConMfera. — Very  many  are  entirely  aragonite,  haying  a  sp.  gr. 
of  2-90  ;  but  some,  like  (htrea  and  Peotmij  are  entirely  calcite,  net 
scratching  Iceland  spsr.  In  some,  like  JKuna^  MyHhU,  and  Sptm- 
dylus,  the  inner  layer  is  aragonite,  with  sp.  gr.  2*90,  whilst  the 
outer  layer  is  calcite,  with  sp.  gr.  2*70. 

Braehiopoda. — ^Apparently  all  calcite,  not  scratching  Iceland  ^ar, 
and  haying  a  corrected  sp.  gr.  of  2*70. 

Anndida. — Probably  calcite,  but  they  include  many  foreign  frag- 
ments. 

Cirripedia. — Balamts  has  a  ^.  gr.  of  2*77,  and  easOy  aQratches 
Iceland  spar,  and  must,  therefore,  be  mainly  calcite,  hardened  with 
a  little  aragonite  or  phosphate. 

Eckinodermata. — Unless  it  be  a  thin  superficial  coating  on  the 
spines,  all  are  calcite,  not  scratching  Iceland  spar. 

Polyzoa, — Calcareous  Polyzoa,  like  the  shells  of  seme  MoUnsca, 
are  composed  of  a  variable  mixture  of  calcite  and  aragonite ;  but, 
unlike  them,  these  two  minerals  do  not  occur  in  well-defined  sepa- 
rate layers,  but  so  intimately  mixed  that  they  cannot  be  separated. 
Thus,  for  example,  Esehara  has  a  sp.  gr.  of  about  2*84,  as  though 
the  two  constituents  were  about  equal ;  but  Betipora  has  a  sp.  gr. 
of  about  2*78,  as  though  the  amount  of  aragonite  were  only  amalL 

Aloyonaria, — Calcareous  Aloyonarians  consist  mainly  of  calcite, 
haying  a  sp.  gr.  of  about  2*75 ;  but  both  this  and  their  haidpeM 
clearly  indicate  the  presence  of  a  small  amoimt  of  aragonite  or 
phosphate. 

Hydroida, — NulUpora  has  a  sp.  gr.  of  2*95,  and  must  thenfiote 
be  mainly  aragouite,  probably  with  a  small  amount  of  phoqihate. 
!  Coralliaria, — Solid  true  corals  have  a  sp.  gr.  oi  2*94,  and  must 
be  almost  wholly  aragonite.  The  same  may  be  said  pf  the  porous 
corals;  but  I  am  not  quite  certain  that  calcite  is  always  entirely 
absent 

Foramini/era, — The  size  and  structure  of  Poraminifera  make  it 
difficult  to  determine  their  speciflc  gravity ;  but  my  vaiiooa  experi- 
ments certainly  prove  that  their  characteristic  constitu^it  is  caldte. 
At  the  same  time  the  density  and  hardness  incKcate  that  some  also 
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eontain  a  very  dedded  amount  of  aiagonite  or  phosphate,  either 
intimately  mixed  or  as  a  special  thin  layer. 

OoraUines. — ^The  hardness  and  specific  gravity  of  corallines  prove 
that  they  are  mainly,  though  perhaps  not  entirely,  caloite. 

Structure  of  Orygtals, 

Before  proceeding  to  further  consider  the  structure  of  recent  and 
fossil  shells,  it  will  be  well  to  call  attention  to  a  few  facts  connected 
with  mineral  growth.  *  When  a  crystalline  mineral  possesses  double 
refraction  there  is  usually  no  difficulty  in  ascertaining,  by  the  use  of 
polarized  light,  whether  any  given  portion  is  a  single  crystal  or  made 
up  of  several.  On  rotating  it  round  the  plane  of  polarization,  the 
analyzer  being  crossed  so  as  to  give  a  black  field,  each  simple  crystal 
has  no  depolarizing  action  at  two  different  azimuths,  perpendicular 
to  one  another,  so  that  the  field  remtiins  black.  If  this  takes  place 
over  the  whole  of  a  given  space,  it  may  be  looked  upon  as  almost 
certain  that  it  is  one  simple  crystal  throughout,  whether  it  is  bounded 
by  crystalline  planes  or  not.  On  the  contrary,  if  one  part  is  dark 
at  one  azimuth,  and  others  at  other  azimuths,  it  is  manifestly  com- 
posed of  several  crystals.  We  must  also  bear  in  mind  that  when 
fresh  material  of  the  same  mineral  nature  is  deposited  upon  small 
crystals,  whether  entire  or  broken,  so  that  they  grow  to  be  larger, 
the  new  growth  is  usually  arranged  in  the  same  crystalline  position 
as  the  old,  so  that  the  resulting  larger  crystals  are  simply  an  exten- 
sion of  the  original  nuclei.  On  the  contrary,  if  the  nucleus  be  a 
foreign  body,  or  coated  with  some  mechanical  impurity,  very  fre- 
quently a  considerable  number  of  small  crystals  are  deposited  upon 
it,  which,  if  the  surface  is  free,  radiate  in  all  directions.  These 
principles  must  be  carefully  borne  in  mind,  since  they  are  of  very 
great  importance  in  studying  the  microscopical  structure  of  rocks. 

General  Structure  of  the  various  Groups  of  STidU,  ^e. 

Crustacea, — ^The  general  microscopical  structure  of  the  shell  of 
the  common  crab  is  too  well  known,  and  is  too  complex,  to  need 
description  in  this  address.  Though  there  may  be  considerable 
variation  in  particular  characters,  even  in  different  parts  of  the 
same  shell,  yet,  speaking  of  it  in  a  very  general  manner,  I  should 
describe  it  as  an  organic  material,  usually  having  a  minute  transverse 
fibrous  structure,  amongst  which  calcite  has  been  deposited,  here 
and  there  with  a  more  or  less  radiate  fan-shaped  arrangement,  but 
on  the  whole  with  the  principal  axis  perpendicular  to  the  plane  of 
growth.  As  far  as  I  have  be^n  able  to  ascertain,  this  kind  of  struc- 
ture is  also  met  with  in  the  shells  of  TrUobites  and  of  Entomostraca. 

Cephalopoda, — ^The  outer  and  inner  layers  of  Nautilus  do  not 
differ  so  much  in  ultimate  structure  as  might  be  expected  from  their 
"very  different  Iqstre.  The  pearl  consists  of  thin  layers  parallel  to 
the  surface,  crossed  transversely  by  small,  short,  fibrous  crystals  of 
aragonite,  with  their  principal  axis  perpendicular  to  the  surface, 
which  are  of  such  a  uniform  character  that|  when  a  narrow  pencil 
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of  light  is  transmitted  tbiODgb  a  section  |>arallel  to  the  sorf  aoe  of 
the  ^ell,  they  giye  rise  to  a  circular  apectmm,  like  a  j^hite  of  ^a» 
coTered  with  spores  of  L^eopodium.  The  peculiar  fibrous  slrttciuie 
of  the  internal  shell  of  S^pia  has  interest  in  connexion  with  tiie 
foesilisation  of  Belemnites. 

Gastropoda  and  ConeMfera. — The  pearly  layer  of  many  shdb 
does  not  differ  materially  from  that  of  NaviUus ;  hot  occasionally,  as 
in  JPtnna,  a  section  parallel  to  ibe  surface  shows  a  linear  stmctuie, 
which  by  transmitted  light  gives  rise  to  an  imperfect  linear  spectrum, 
and  not  the  circular  spectrum  seen  in  the  pearl  of  Nautilus  and  some 
other  shells.  A  structure  more  characteristic  of  Oastropoda  than  of 
Conchif  era,  though  occurring  in  both,  consists  of  remarkable  plates, 
usually  perpendicular  to  the  suHIeu^  of  growth,  crossed  by  fibres  which 
are  usually  aragonite.  If,  as  seems  probable,  these  fibres  represent 
a  mineral  structure,  they  are  related  in  different  cases  to  the  three 
different  planes  which  are  more  promincutly  developed  in  crystals  of 
aragonite.  If  they  are  of  true  organic  orig^,  they  bare  certainly 
determined  the  direction  in  which  Uie  aragonite  baa  been  deposited, 
since  its  principal  axis  is  related  to  them  in  a  very  definite  manner, 
though  differently  in  different  shells :  it  is  invariably  parall^  to  the 
surface  of  the  plates,  and  at  right  angles  to  the  surface  of  growth, 
but  in  the  plane  of  the  plates  is  inclined  first  on  one  side  and  then 
on  the  other  of  the  normal  of  the  surface  of  growth,  so  as  to  give 
rise  to  two  well-marked  systems  of  alternating  plates,  in  each  of 
which  the  axes  are  parallel,  but  inclined  at  a  considerable  angle  to 
the  axes  of  the  other  system.  This  structure  giv^  rise  to  very 
remarkable  and  characteristic  appearances  when  examined  with 
polarized  light.  Between  this  fibrous  plate-structure  and  peari 
there  is  every  connecting  link ;  and  a  fine-grained  intermediate  kind 
is,  on  the  whole,  more  characteristio  of  Conchifera  than  of  Gastro- 
poda. In  Cyprina  islnndim  we  have  another  extr^ne  case,  in 
which  the  fibres  perpendicular  to  the  plane  of  growth  are  so  short 
as  to  appear  like  granules,  though  the  optic  axes  are  still  definitely 
oriented  in  the  normal  manner,  (htrsa  and  Pedm  show  a  oom]£- 
cated  structure,  made  up  of  irregular  fibrous  plates  of  caldte ;  bat 
the  fibres  are  not  definitely  related  to  any  crystalline  plane,  and  are 
more  like  an  independent  organic  structure  hardened  with  caktte, 
though  its  deposition  does  appear  to  have  been  to  some  extent  influ- 
enced by  the  structure.  It  will  be  convenient  to  use  the  word 
Ostrea  in  a  somewhat  wide  sense,  to  include  closely  allied  shdls,  like 
Oryphasay  which  have  tbis  structure.  In  a  great  variety  <^  shells 
abnormal  appearances  are  occasionally  seen,  which  may  often  be 
attributed  to  the  unusual  development  of  crystals.  As  examples,  I 
refer  to  the  material  deposited  in  the  upper  whorls  of  some  Gastro- 
poda, and  to  the  external  calcite  layer  met  witb  in  the  few  genom 
to  which  I  have  already  called  attention. 

Brachicpoda. — The  structure  of  these  shells  has  been  wdl  deeczibed 
by  Carpenter  in  the  publications  of  the  PalsDontographical  Society  for 
1853.  The  chief  characteristio  is  that  they  are  made  up  of  laminji^ 
consisting  of  flattened  flbres  or  prisms,  often  passing  along  mon  or 
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less  parallel  to  one  another  over  a  considerable  area,  but  mixed  np 
with  other  systems  which  cross  them  at  varying  angles.  Sometimes 
they  coalesce  into  more  solid  shell.  OccasionaUy  these  prisms  are 
crossed  by  striso,  which  in  some  cases  appear  to  be  lines  of  organic 
or  crystalline  growth.  In  some  genera  the  shell  is  traversed  by 
well-defined  tubes,  and  in  others  we  meet  with  spines  having  a 
concentric  structure.  On  the  whole  there  is  very  little  indication 
of  a  simple  crystalline  structure;  the  only  relation  between  the 
fibres  and  crystals  that  I  have  been  able  to  detect  is  that,  though 
they  may  be  inclined  at  a  very  considerable  angle  to  the  principal 
axis,  yet  on  on  average  they  are  parallel  to  it.  Usually  there  would 
bo  no  difficulty  in  distinguishing  between  fragments  of  Braohiopoda 
and  of  other  shells ;  but  yet  the  resemblance  between  the  structure 
of  some  of  the  imperforate  kinds  and  that  of  such  shells  as  Ostrea 
may  render  it  difficult  or  impossible  to  distinguish  them  when  the 
fragments  are  small  and  thin. 

Annelida. — The  shell  has  usually  a  more  or  less  distinct  laminar 
structure  parallel  to  the  surface  of  growth.  The  calcite  is  in  the 
form  of  minute  granules,  often  without  any  definite  optical  orienta- 
tion ;  but  occasionally  there  is  a  transverse  fibrous  structure,  which 
may  be  more  distinct  than  the  laminar.  Included  foreign  fragments 
are  common. 

Cirripedia. — ^The  few  genera  that  I  have  examined  have  a  very 
variable,  coarse  organic  structure,  and  the  ultimate  tissue  is  com- 
posed of  granules  passing  into  larger  irregular  crystals. 

Echinodermata, — Possibly  no  better  case  could  be  found  of  the 
intimate  connexion  between  organic  and  mineral  structure  than  the 
shells  or  other  hard  parts  of  Echinoderms.  Each  plate,  each  spine, 
and  each  joint  is  minoralogically  and  optically,  as  it  were,  made  out 
of  a  single  crystal  of  calcite,  having  its  principal  axis  perpendicular 
to  the  plane  of  the  plate,  or  parallel  to  the  axis  of  a  spine  or  joint, 
tho  growth  from  first  to  last  being  in  perfect  crystalline  continuity. 
Thus,  for  example,  a  spine  of  Echinus^  several  inches  long  and  more 
than  ooe  third  of  an  inch  thick,  is  optically  analogous  to  a  long 
hexagonal  crystal  of  calcite,  but  differs  in  having  an  external  form 
and  internal  structure  depending  on  organic  growth.  It  is,  as  it 
were,  a  crystal  out  into  the  external  shape  of  a  spine,  and  hollowed 
out  internally  with  small,  irregular,  rounded,  sometimes  partially 
coalescing  cavities,  grouped  in  lines  or  without  any  definite  order. 
In  extreme  cases  these  cavities  must  constitute  one  half  of  the  whole 
bulk.  Usually  this  optical  and  mechanical  structure  of  Echinoderms 
could  not  be  confounded  with  any  other,  either  organic  or  mineral. 

Corals  ifc. — On  carefully  examining  thin  sections  of  true  corals, 
and  of  some  other  organisms  so  closely  allied  to  them  in  general 
structure  that  for  my  present  purpose  it  is  certainly  convenient,  if 
not  necessary,  to  class  them  together,  we  see  that  their  solid  sub- 
stance is  made  up  of  more  or  less  distinct  minute  spicula  or  crystal- 
line fibres,  which  have  no  constant  relation  to  the  external  form  of 
any  particular  part  in  which  they  occur.  Their  principal  crystalline 
axis  is  80  constantly  parallel  to  their  length  that  I  see  no  good  reason 
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why  they  should  not  be  aaoribed  to  simple  Grystalliiie  growtiu  Oat 
parallel  to  their  length,  they  give  rise  to  an  apparently  laminar 
straotore ;  bat  when  cut  transversely  they  look  like  granules.  In 
some  oorals  the  spicular  crystals  are  but  little  dereloped,  and  the 
greater  part  is  really  composed  of  minute  granules.  Though  the 
irregular  prismatio  nbres  of  corals  are  usually  of  smaller  nie,  yet 
occasionally  they  are  so  similar  to  those  in  Brabhiopoda  and  aome 
other  shells  that  it  might  be  difficult  to  distinguish  small  fragments 
by  the  structure  alone,  though  in  most  cases  the  general  shape  of 
the  fragments  is  characteristically  different. 

Polyzoa. — ^little  need  be  said  of  them,  except  that  I  have  not  been 
able  to  detect  any  such  difference  in  their  ultimate  structure  as 
would  suffice  to  distingmsh  them  from  some  oorals,  when  in  minute 
fragments. 

Foramimfera, — ^The  small  siro  of  many  makes  it  difficult  to  deter- 
mine some  facts  in  a  satisfactory  manner ;  but  yet  their  stmctore  is 
frequently  weU  seen  in  those  found  in  limestones.  like  Cmstaeea 
their  shell  is  often  composed  of  small  prisms  of  caldte,  having  their 
principal  axis  perpendicular  to  the  surfiice  of  the  shell.  The  result 
is  that  each  cell  gives  rise  to  a  black  cross  and  ooloured  rings  when 
seen  with  polarized  light.  In  some  cases,  however,  the  oaloite  has 
not  been  deposited  symmetrically  round  each  cell,  but  oocon  in 
smaller  radiate  groups,  and  occasionally  nothing  can  be  seen  but 
granules  without  definite  optical  arrangement.  The  presence  of 
tubes  passing  through  the  shell  is  a  very  characteristic  feature  in 
some  genera.  On  the  whole,  though  it  might  be  difficult  to  identify 
small  fragments  by  their  structure,  yet  usually  the  external  form  is 
sufficiently  characteristic  to  distinguish  them  from  any  thing  dse. 

Coralliives, — Usually  a  somewhat  high  magnifying-power  is  necea- 
sary  to  see  the  ultimate  structure  of  corallines.  They  are  made  up 
of  more  or  less  regular  cells,  sometimes  much  elongated  in  the  line 
of  the  plant's  axis,  which  are  manifestly  of  as  true  organic  origin  as 
those  of  any  non-calcareous  plant,  but  differ  from  them  in  being 
more  or  less  completely  filled  with  carbonate  of  lime.  This  ocean 
in  the  form  of  minute  crystals  of  calcite,  which  have  their  principal 
axes  converging  to  the  centre,  like  the  minerals  in  a  geode.  ^Die 
result  is  that  usually  each  cell  gives  a  more  or  less  perfect  black 
cross  with  polarized  light.  This  convergance  of  the  cryatala  must 
not  be  confounded  with  the  radiating  airangement  met  with  in 
some  shells.  When  corallines  are  only  partially  calcified  their 
general  structure  may  much  resemble  th^  of  Echinoderms,  but 
they  can  be  at  once  distinguished  by  their  action  on  polariied  bg^ 

Difference  in  the  Properties  of  Calcite  and  AragoniU. 

Having  given  a  general  sketch  of  t^e  structure  of  the  prinoipa] 
groups  of  living  calcareous  organisms,  as  depending  on  thie  animal 
or  vegetable  tissue  and  on  the  crystallization  of  the  calcite  or 
aragonite,  I  will  now  proceed  to  consider  ihaX,  differmioo  between 
those  minerals  which  appears  to  me  to  be  of  chief  importance  ia 
oonnexion  with  the  subject  before  us. 


Digitized  by 


Google 


AlQfiyiBflABT  ADBBISS  Off  THE  PBBBXDEVT,  65 

I  do  not  know  any  process  by  means  of  which  caldte  can  be 
changed  into  aragonite.  As  £Gur  as  I  am  aware,  psendomorphs  of 
aragonite  in  form  of  oalcite  are  unknown.  We  may  heat  calcite  to 
redness,  bnt  no  change  occurs  until  the  temperature  is  high  enough 
to  driye  o£P  carbonic  acid.  On  the  contrary,  natural  pseudomori^ 
of  calcite  in  the  form  of  aragonite  are  met  with ;  and  if  we  raise 
aragonite  to  a  temperature  much  below  that  which  drives  off  car- 
bonic acid,  it  passes  into  a  mass  of  small  crystals  of  calcite.  These 
facts  appear  to  prove  that  the  molecules  of  calcite  are  in  ttable 
equilibrium,  wh€a*eas  those  of  aragonite  are  relatively  in  un$tahh 
equilibrium ;  so  that  if  both  were  e^i^osed  to  the  same  influences, 
the  one  might  be  changed  and  the  other  not.  Since  also  calcite 
and  not  aragonite  is  normally  deposited  from  a  cold  solution  of 
carbonate  of  Ume,  the  small  calcite  crystals  in  a  wet  limestone  rock 
would  have  a  constant  tendency  to  increase  in  size,  whereas  con- 
tiguous aragonite  crystals  would  have  no  such  tendency,  but,  in  the 
long  run,  would  dissolve,  and  their  material  crystallize  out  elBC- 
where  as  calcite.  Eose  long  ago  suggested*  that  the  presence  of 
well-preserved  shells  of  some  genera  along  with  mere  casts  of  other 
genera  might  be  attributed  to  the  fact  that  those  which  are  pre- 
served were  calcite,  and  "those  removed  were  aragonite.  I  have 
myself  also  carefully  examined  this  question,  and  am  convinced  that 
if  the  original  difference  in  the  mineral  constitution  of  shells  were 
overlooked,  we  might  be  led  into  very  serious  palfieontological  errors. 

The  Influence  of  Original  Mineral  Constitution  on  the  Preservation 

of  Fossils. 

In  studying  the  fossils  met  with  in  many  deposits,  after  having 
determined  the  nature  of  the  carbonate  of  lime  in  the  leading  groups 
of  sheUs,  I  soon  found  that  it  has  exercised  a  most  important  influ- 
ence. Thus,  for  instance,  on  examining  the  various  shells  met  with 
in  the  raised  beach  at  Hope's  Nose,  near  Torquay,  I  saw  that  the 
inner  aragonite  layer  oiMytilus  edulis  had  been  completely  removed, 
whereas  the  outer  calcite  layer  was  well  preserved.  I  have  been 
told  that  a  special  genus  was  once  estabHshed  for  a  fossil  shell 
which  differed  from  Spondylus  only  in  having  the  inner  aragonite 
layer  removed  in  a  similar  manner.  If  this  is  the  case  in  the  dif- 
ferent layers  of  the  same  shell,  why  should  it  not  happen  in  different 
sbeUs  which  are  composed  entirely  of  the  one  or  of  the  other  mineral? 
That  such  may  have  been  the  case  seems  probable,  when,  as  in  the 
raised  beach  at  Hope's  Nose,  and  in  many  older  deposits,  we  And 
abundance  of  calcite  shells  and  few  or  no  aragonite  shells ;  and  it 
thus  becomes  doubtful  whether  their  absence  now  is  any  proof  that 
they  never  existed.  When  we  come  to  study  some  lunestones  in 
which  casts  are  preserved,  we  clearly  see  that  the  aragonite  shells 
alone  have  thus  disappeared.  On  examining  the  matter  more  fully, 
we  may  also  see  that  when  the  aragonite  shells  are  still  represented 
by  a  distinct  calcareous  layer,  this  has  no  longer  the  original  struo^ 

«  Ahhandl.  Berlin,  1868,  p.  68. 
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ture,  bat  is  more  or  less  coarselj  crystalline,  and  quite  unlike  tlie 
oontignoos  caldte  sheUs,  which  still  retain  their  original  microsco- 
pical and  optical  characters.  Such  crystalline  fossils  are,  in  fact, 
pseudomorphs  of  calcite  after  aragonite  shells,  and,  like  minenl 
pseudomorphs,  they  may  in  some  cases  closely  resemble  small  mineral 
veins  filling  up  the  empty  spaces  left  when  the  original  shell  was 
removed  by  solution.  In  other  cases  they  are  apparently  the  result 
of  a  much  more  limited  transference  of  material,  if  not  of  a  direct 
molecular  change.  Some  of  my  experiments  seem  to  prove  that  the 
;  removal  of  the  associated  organic  matter  does  in  some  way  so  disturb 
the  equilibrium  of  aragonite  organisms  as  to  cause  them  to  chai^ 
into  calcite ;  and,  even  if  this  explanation  be  inadequate,  the  ten- 
dency of  carbonate  of  lime  to  crystallize  at  the  ordinary  temperature 
as  calcite,  and  the  reaction  between  the  contiguous  particles  <^ 
already  formed  calcite  and  the  surrounding  aqueous  solution  present 
in  the  rock,  would  probably  account  for  the  change. 

Sti'ucture  of  Fossils. 

A  knowledge  of  the  structure  of  fossil  shells  and  other  organisms 
necessarily  assists  us  much  in  studying  the  fragments  which  con- 
stitute so  laige  a  part  of  many  limestones.     In  some  cases  the  ori- 
ginal structure  is  so  perfectly  preserved  that  no  comment  is  needed ; 
but  very  often,  though  it  is  more  or  less  visible,  a  very  important 
mineral  change  has  occurred.    The  simplest  and  most  strildng  case 
is  perhaps  that  of  the  shells  and  spines  of  £chinoderms,  induding 
the  joints  of  Encrinites.    As  previously  named,  each  plate  or  joint 
of  the  living  animal  is,  as  it  were,  a  single  crystal  of  calcite,  hol- 
lowed out  with  a  complex  system  of  cavities,  which  make  up  a 
large  part  of  the  entire  bulk.     When  the  tissue  is  fossilized,  these 
cavities  are  often  filled  up  with  calcite,  arranged  in  crystalline 
parallelism  with  that  originally  present,  so  that  what  was  a  crystal 
filled  with  hollows  is  now  a  more  or  less  solid  crystal.     The  reimlt 
is  that  whilst  the  living  shell  breaks  mainly  in  relation  to  the 
cavities,  the  fossil  has  the  definite  cleavage  of  calcite,  easily  seen 
with  the  naked  eye,  which  must  have  so  often  attracted  the  notice 
of  all  geologists.     Possibly  to  this  special  character  of  Ediinoderms 
may  also  be  ascribed  the  frequent  increased  thickness  of  the  fossil 
shell.     The  organic  structure  is  sometimes  splendidly  preserved  by 
the  previous  introduction  into  the  cavities  of  fine-grained  mud  or 
coloured  iron  compounds,  but  is  often  shown  only  by  varying  trans- 
parency.    Frequently  the  whole  is  so  equally  transparent  that  no 
trace  of  organization  can  be  seen ;  but  even  then  the  uniform  optical 
and  mechanical  structures  are  very  characteristic.     A  oertaiu  want 
of  perfect  solidity  appears  to  make  the  tissue  cleave  more  readily 
than  pure  calcite ;  and  thus  thin  sections  are  often  filled  with  one, 
two,  or  even  three  systems  of  parallel  cracks,  looking  like  fine 
striae. 

The  contrast  is  very  great  between  this  uniform  structure  of 
fossil  Echinoderms  and  the  altogether  irregular  structure  of  fossil 
corals,  in  which  the  cavities  ore  filled  witii  caldte  having  eveiy 
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possible  orientatioD,  so  that  they  break  with  a  sacoharinc  fracture, 
and,  when  seen  in  thin  sections,  show  only  a  mass  of  small  crystals, 
'without  any  uniform  arrangement,  deposited  on  the  original  arago- 
nite  tissue,  which  is  now  usually  represented  by  fine-grained  and 
less  transparent  calcite. 

Since  Entomostraca  and  fragments  of  Trilobites  are  very  important 
constituents  of  some  limestones,  and  their  structure  is  a  good  iUns- 
tration  of  the  changes  that  have  taken  place  in  fossil  calcite  shells, 
it  will  be  well  to  describe  them  in  some  detail.  Both  have  a  trans- 
Terse  fibrous  structure,  and  also  show  more  or  less  distinct  lines  of 
growth,  which  may  or  may  not  be  parallel  to  the  general  surface  of 
the  shell.  In  the  fossil  state  the  tissue  has  been  so  filled  with  calcite 
that  only  occasionally  are  the  tubules  visible,  and  generally  only 
faint  traces  of  the  fibres.  They  are  in  no  way  changed  into  crystals 
of  secondary  formation,  but,  as  in  similar  living  Crustacea,  they  aro 
still  made  up  of  minute  fibrous  crystals  of  calcite,  closely  compacted 
together,  having  at  each  part  their  principal  axis  perpendicular  to 
the  surface  of  the  shelL  A  portion  of  a  Trilobite  in  the  shape  of  a 
loop  therefore  gives  a  distinct,  even  if  incomplete,  black  cross  with 
polarized  light.  The  shells  of  Entomostraca  aro,  on  the  whole,  smaller 
and  thinner  than  those  of  Trilobites,  often  occur  in  pairs,  and  in  any 
case  are  of  a  more  simple  bivalve  shape,  and  do  not  show  curves  with 
complex  flexures.  Apparently,  therefore,  the  only  important  dif- 
ference between  the  structure  of  recent  and  fossil  Crustacea  is  that 
the  spaces  between  the  small  original  crystals  have  been  filled  with 
calcite.     In  the  case  of  the  Entomostraca  met  with  in  the  upper  part 

Fig.  1.  Pig.  2. 


of  the  Portland  Oolite  in  Portland,  the  increase  in  the  size  of  these 
small  original  crystals  has  given  rise  to  a  very  curious  result.  They 
have  often  been  so  much  lengthened  by  the  deposition  of  calcite  in- 
side the  valves,  that  the  shell  is  many  times  thicker  than  it  must 
have  been  when  living.  In  some  of  the  attached  valves  the  place  oc- 
cupied by  the  animal  is  now  solid  calcite.  A  fiUiog-up  with  calcite  is 
of  course  a  very  common  occurrence.  The  special  peculiarity  is  that 
the  calcite  is  not  in  the  form  of  coarse  crystals,  luiving  no  relation 
to  the  structure  of  the  shell,  but  is  a  perfect  continuation  of  the 
original  minute  sheU-prisms,  so  that  the  whole  of  the  abnormally 
thickened  valves  has  the  mechanical  and  optical  structure  character- 
istic of  the  living  shell,  as  shown  by  figs.  1  &  2. 

There  cannot,  I  think,  be  the  slightest  doubt  that  during  tho  fos- 
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Bilization  of  many  otHer  oalcite  sbdls,  the  indrndnal 
crystals  have  simply  increased  in  size  when  the  intaspaees  iiitl» 
tissue  were  filled  with  calcite.     The  density  and  transparency  vere 
thus  greatly  increased,  hnt  the  original  stmctore  preserr^  asBwdl 
shown  by  many  fossil  oysters.    In  Uie  case  of  aragonite sheila^  posab^ 
the  interspaces  may  sometimes  be  filled  with  infiltered  calcite;  te, 
when  thus  introduced,  it  appears  to  have  had  a  oonatant  tendcsicj  l» 
upset  the  equilibrium  of  the  aragonite,  and,  as  it  were,  to  work  it  wf 
by  moleculiur  change  into  cr3rstals  of  calcite,  haying  their  prineqnl 
axes  little,  if  at  all,  related  to  the  original  arrangement  of  those  ci  the 
aragonite.    Thus,  for  example,  the  pearly  layer  of  a  Ftma  from  tkt 
Coralline  Oolite,  in  some  places  retains  just  so  much  of  the  onginal 
structure  as  to  make  it  possible  that  the  original  aragonite  reaiaist ; 
but  the  greater  part  is  changed  into  crystab  of  calcite,  having  do 
special  orientation,  though  distinct  traces  of  ihe  true  Btmchue  of 
pearl  are  shown  by  varying  transparency.    The  introduction  of  siHea 
has  the  opposite  effect;  instead  of  upsetting  the  equilibrium,  it  bM 
often  prevented  any  molecular  change,  and  preserved*  the  origiiial 
structure  very  perfectly.     In  other  cases  aragonite  sheDs  are  now 
represented  by  a  mass  of  crystals  of  calcite,  quite  devoid  of  all  tnoai 
of  original  organic  structure,  arranged  as  though  the  shell  had  been 
completely  removed  by  solution,  and  the  empty  space  aftenrazdi 
filled  with  crystals  of  calcite  deposited  on  each  side  and  meeting  in 
the  centre,  like  a  small  mineral  vein.    Sometimes  it  is  impoflsible  to 
decide  which  of  these  two  processes  occurred;  and  pxx>baUy  bott 
molecular  change  and  complete  removal  often  took  place  in  yaiyiig 
proportion. 

As  an  illustration  of  this  subject,  I  will  describe  an  interesting  ex- 
periment. I  kept  portions  of  ^e  sheUs  of  Anodon  and  Pimta  in  a 
dilute  solution  of  caustic  potash,  in  the  boiler  of  a  high-pressure 
steam-engine,  at  a  temperature  of  145^  C,  for  about  a  month. 
Beautifully  perfect  crystals  of  calcite  were  formed  in  the  substance 
of  the  pearly  layer,  showing  on  the  surface  sharply  angular  edges, 
thus  clearly  proving  that  the  above-named  molecidar  change  may 
occur  in  a  solid  aragonite  shell.  No  change  whatever  was  produced 
in  the  crystalline  structure  of  the  calcite  layer  of  Pinna^  ihe  prisms 
being  merely  set  free  and  detached  by  the  removal  of  the  organic 
matter,  or  more  completely  consolidated  by  crystalline  growth. 

In  the  above  remarks,  I  have  assumed  that  before  being  fossilixed 
the  organisms  consisted  wholly  of  either  calcite  or  aragonite.  Hm 
presence  of  only  a  moderate  proportion  of  aragonite  would  probnbly 
make  no  material  difference ;  but  if  much  were  present,  I  think  we 
might  expect  to  find  the  original  structiire  more  or  less  obscured  by 
unoriented  crystalline  granules.  Thb  would  be  a  most  satUfactory 
explanation  of  the  manner  in  which  the  structure  of  some  fossu 
Eoraminifera,  Polyzoa,  and  Corals  is  preserved,  since,  though  net 
obliterated  by  crystallization,  it  is  abnormally  granular. 

This  difference  in  the  state  of  preservation  of  fossils,  according 
as  they  were  originally  composed  of  calcite  or  of  aragonite,  appean 
to  be  so  well  established  in  all  those  cases  in  which  we  are  able  to 


Digitized  by 


Google 


AimtVIfi8A&t  Al^DBlSS  Ot  IfiS  PBIStDtNt.  6^ 

Moertain  the  tme  mineral  nature  of  closely  aUied  living  organismt, 
that  I  feel  myself  jcutified  in  oonduding  that  certain  doubt^l  fossil 
forms  were  originally  calcite,  because  they  are  preserved  like  those 
in  the  same  thin  section  known  to  have  been  so ;  whilst  those  known 
to  have  been  aragonite  have  become  quite  crystalline  aud  lost  their 
original  structure.  It  appears  to  me  that  we  may  also,  at  all  events 
to  some  extent,  rely  on  this  difference  in  the  state  of  preservation  in 
deciding  the  nature  of  certain  doubtful  fragments.  As  I  have  already 
mentioned,  the  ultimate  structure  alone  may  not  enable  us  to  dis- 
tinguish between  fragments  of  calcite  Polyzoa  and  fragments  of  ara- 
gonite Ck>rals ;  but  if  in  any  rock  in  which  all  known  aragonite 
organisms  have  lost  their  structure  we  meet  with  what  must  be  frag- 
ments of  either  Corals  or  Polyzoa,  we  might,  I  think,  refer  them  to 
Polyzoa  if  they  retain  their  original  ultimate  structure,  and  to  Corals 
if  they  have  lost  it.  This  distinction,  however,  is  inapplicable  in  the 
case  of  Palaeozoic  limestones,  since,  judging  from  the  manner  in  which 
the  original  structure  has  been  preserved,  some  of  the  Corals  of  that 
period  appear  to  have  contained  as  much  calcite  as  some  Polyzoa. 
This  pecuUarity  has  occupied  much  of  my  attention,  and  still  remains 
to  be  explained  in  a  satisfactory  manner.  To  suppose  that  they  are 
0till  unchanged  aragonite,  or  have  been  changed  to  calcite  and  yet 
retained  their  original  structure,  would  be  in  opposition  to  all  other 

Fig.  8.  Fig.  4. 


evidence.  When  an  aragonite  organism  is  changed  to  calcite,  it 
tisually  passes  into  a  mass  of  crystals  like  fig.  3,  whereas  these  Palae- 
ozoic corals  retain  true  original  structure,  Hke  that  shown  in  fig.  4. 
In  connexion  with  the  structure  of  fossils  it  may  be  well  here  to 
allude  to  the  occasional  occurrence  in  their  solid  substance  of  well- 
defined  cr3rstals  of  quartz,  or  irregular  spherical  siliceous  concretion]^ 
with  a  radiate  fibrous  structure.  Both  cases  are  special  examples  of 
a  partial  substitution  of  carbonate  of  lime  by  siUca,  which,  when 
carried  further,  has  given  rise  to  silicified  shells  and  chert. 

Disintegration  of  Shells. 

The  two  extremes  of  disintegration  are  when  fresh  shells  are 
broken  up  or  worn  down  by  the  mechanical  action  of  currents,  and 
when  they  simply  fall  to  pieces  on  the  removal  of  the  binding  material 
by  slow  decomposition  or  when  digested  by  other  animals.  Between 
these  extremes  there  is  every  connecting  link.  To  some  extent 
similar  principles  apply  in  both  cases,  since  the  shape  of  the  frag- 
mentSy  be  they  large  or  smalli  mainly  depends  upon  the  lines  of 
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weakness  due  to  Btraoture ;  and  though  Uiis  has  less  inflnenoe  whm 
the  fragment  is  not  so  mnch  broken  as  worn  down,  yet  even  then  tiie 
form  of  the  resulting  grains  is  greatly  dependent  on  the  ultimale 
structure,  as  we  see  in  the  case  of  the  beautiful  coralline  sand  found  in 
Bahama,  which  consists  of  very  perfect  spheres,  on  account  of  the  sym- 
metrical character  of  their  oiganic  structure  in  all  directions.  No  such 
regular  spheres  could  be  formed  firom  oysternshells,  which  are  brokem 
up  into  laminoe.  In  comparing  together  ^e  size  and  form,  of  tiie 
fragments  of  different  organic  bodies,  we  must  also  bear  in  mind  the 
extreme  toughness  of  some,  and  great  brittlenoss  of  others,  as  w^  as 
the  different  effects  of  varying  density  or  buoyancy.  Thus,  for  ex- 
ample, corals  and  allied  organisms  are  extremely  brittle  as  compared 
with  many  shells,  and  would  therefore  be  much  more  readily  brokai 
up  mechanically.  On  the  contrary,  though  Uiey  are  very  bzitde, 
light  and  porous  organisms,  like  Eohinoderms  and  some  corals,  would 
to  a  great  extent  be  buoyed  up  in  agitated  water,  and  protected  from 
mechanical  wear  and  tear. 

Shells  also  often  break  up  in  relation  to  lines  of  weakness  due  to 
fungoid  and  other  perforations.  It  is  surprising  to  see  ti^ie  extent 
to  which  in  some  modem  marine  deposits  the  fragments  are  bored 
through  and  through  in  all  directions,  so  that  tho  least  force  would 
break  them  up  in  relation  to  these  lines  of  weakness.  Similar 
borings  are  met  with  in  older  rocks,  though  seldom  to  such  an  extent 
as  to  have  had  a  very  material  influence  on  the  general  result. 

I  have  already  alluded  to  the  setting  free  of  the  prisms  of  Pinna 
when  the  organic  matter  b  removed.  By  a  similar  change  at  the 
ordinary  temperature  various  freshwater  shells  are  decomposed  into 
the  thin  fibrous  plates  or  separate  fibres  of  which  they  are  composed. 
It  would  occupy  too  much  time  to  enter  into  details,  and  I  will  there- 
fore confine  myself  to  a  few  general  conclusions.  Leaving  out  of 
consideration  pure  mechanical  wearing,  when  a  shell  decays  by  the 
removal  of  the  organic  matter  there  is  a  manifest  tendency  to  break 
up  into  the  ultimate  crystalline  constituents.  In  different  shells  the 
final  result  would  thus  vary  much  according  to  their  structure. 
Echinoderms  would  simply  fall  into  the  separate  plates,  joints,  and 
spines,  which  individually  have  no  tendency  to  further  spontaneous 
subdivision ;  whereas  many  other  shells  and  corals  would  break  up 
into  minute  plates,  fibres,  or  granules.  By  mere  decay  we  thus  could 
never  get  a  fine  calcareous  mud  derived  from  Encrinitcs,  or  from  the 
comparatively  coarse  crystalline  tissue  of  such  shells  as  Pinna^  (htrm^ 
and  Braohiopoda ;  whiLat  some  other  shells  and  many  corals  would 
easily  give  rise  to  a  calcareous  mud,  composed  of  extremely  minute 
particles. 

There  is  also  another  point  that  must  not  be  overlooked.  I  find 
that  the  specific  gravity  of  shell-marls  indicates  that  they  are  now 
calcite,  whereas  diey  Imve  manifestly  been  derived  from  the  decom- 
position of  aragonite  shells.  The  for.n  of  the  particles  is,  on  the 
whole,  also  very  different  from  that  of  those  derived  from  a  deoom* 
posed  shell  which  has  merely  lost  the  oi^anic  matter  and  breaks 
up  into  fibrous  plates  and  fibres.    Few  partidee  of  this  character 
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occur  in  marls.  The  majority  arc  as  though  due  to  the  crumbling 
down  of  aragonite  shells  which  had  gradually  changed  into  granides 
of  calcito.  Powdered  coral,  kept  for  only  a  few  weeks  in  water,  loses 
organic  matter  and  decreases  in  density,  as  though  soon  partially 
changed  into  calcite,  and  gives  rise  to  such  minute  particles  that  the 
water  is  like  dilute  milk.  We  must  therefore  always  bear  in  mind 
that,  unlike  calcite  shells,  aragonite  shells  and  corals  may  thus  decom- 
pose into  particles  having  so  little  relation  to  the  original  organic 
structure,  that  all  proof  of  their  origin  might  be  lost,  and  their  form 
not  differ  from  that  of  any  other  kind  of  calcareous  mud-granules, 
as,  for  example,  those  derived  from  the  wearing  down  of  older 
limestones  or  chemically  deposited  in  an  amorphous  state. 

Preservation  of  the  External  Form  of  Altered  Shell-fragments, 

If  fragments  of  shells  are  enclosed  in  a  comparatively  opaque 
ground-mass,  their  external  form  can  be  easily  recognized,  even  when 
they  have  lost  their  organic  structure.  There  is  seldom  any  difficulty 
in  identifying  unaltered  fragments  in  a  crystallized  base  ;  but  if  they 
have  become  quite  crystalline,  and  are  surrounded  by  equally  colourless 
and  transparent  calcite,  aU  trace  of  their  original  outline  may  have 
been  lost,  and  with  it  all  proof  of  their  former  presence.  This  may 
be  the  reason  why  we  do  not  see  any  trace  of  organic  fragments  in 
some  very  crystalline  limestones ;  though,  at  the  same  time,  they  may  / 
never  have  been  present.  However,  in  many  cases  the  external 
form  is  preserved  by  the  mechanical  or  chemical  deposition  on  the 
surface  of  iron  oxides  or  pyrites,  or  by  a  thin  layer  of  what  may  be 
called  dirt  on  the  outer  surface,  especially  in  depressions  where  it 
has  been  somewhat  protected  from  direct  wear.  It  also  often  serves 
to  show  the  internal  structure  by  penetrating  into  tubes  or  other 
hollow  spaces.  Sometimes  the  outline  of  the  fragments  is  shown 
by  a  smaller  crystalline  texture  near  the  surface,  which  may  have 
been  caused  by  their  exterior  having  passed  into  granules  before 
the  introduction  of  the  surroimding  calcite  and  the  slower  and  more  \ 
perfect  crystallization  of  their  interior.  "^^ 

Chemical  Deposition  of  Carbonate  of  Lime. 

The  most  typical  case  of  chemical  deposition  is  when  a  spring 
highly  charged  with  carbonate  of  lime,  dissolved  by  the  aid  of  car- 
bonic acid,  loses  the  acid  by  exposure  to  the  atmosphere.  As  in 
the  case  of  artificial  solutions,  there  is  often  little  deposit  formed 
in  the  open  water,  deposition  occurring  on  foreign  substances  in 
the  form  of  minute  or  larger  crystals  of  calcite  or  aragonite,  ac- 
cording to  the  temperature  of  the  water.  When  the  deposit  is  loose 
in  textui-e  it  might  easily  be  broken  up,  and  the  irregular  crystals 
-washed  along  and  deposited  elsewhere.  I  do  not  think  it  would  be 
possible  to  distinguish  many  of  such  particles  from  some  derived  from 
decayed  organisms.  In  both  wo  might  have  merely  irregular  crystal- 
line particles,  with  no  trace  of  organic  structure.  There  is,  of  course, 
no  difficulty  in  distinguishing  larger  fragments,  which  usually  have 
an  external  shape  characteristic  of  each  particular  organism.     In 
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thd  absence  of  any  direct  proof  of  the  origin  of  erery  partade,  we 
mnst  draw  oar  oonclosions  from  indirect  OTidence.  We  know  yiat 
the  decay  and  breaking  np  of  a  mixed  maas  of  shells  and  corals 
would  give  rise  to  many  very  minute  parfcides,  which  could  not  retain 
any  marks  of  their  organic  origin.  It,  then,  we  find  a  natural  deposit 
containing  many  fragments  certainly  derived  frx>m  calcareous  <»*- 
ganisms,  we  may,  I  think,  safely  conclude  that  a  considerable  part, 
if  not  the  whole,  of  the  granular  matter  was  derived  from  t^  same 
source.  There  may  be,  and  often  is,  actual  proof  that  some  part 
is  of  chemical  origin.  Both  in  modem  and  more  ancient  depoaits, 
even  when  the  rock  cannot  be  called  oolitic,  small  or  larger  radiate 
groups  of  crystals  of  calcite  occur.  Their  present  state  is  mamfiwdy 
due  to  simple  crystallization ;  but  from  the  structure  alone  it  is 
impossible  to  tell  whether  the  carbonate  of  lime  was  derived  from 
some  subterranean  spring,  or  was  dissolved  out  frtnn  an  almost  con- 
temporaneous deposit  of  organic  origin  in  the  immediate  vicinity* 
In  each  case  the  probability  of  the  one  or  the  other  explanation 
would  depend  upon  an  entirely  different  class  of  fsots  to  tliose  now 
under  consideration.  The  same  remark  vrould  apply  to  oolitie 
grains,  which  will  be  fully  described  further  on. 

Consolidation  of  Lime9tone$. 

Having  thus  considered  the  origin  of  the  material,  I  now  proceed 
to  consider  some  of  the  changes  which  might  occur  after  it  was 
deposited.  The  amount  of  vacant  space  between  the  particles  mi^t 
be  very  considerable.  If  they  were  nearly  spheric^  and  of  the 
same  size,  it  could  not  be  much  less  than  |  of  Uie  whole  vcdnme. 
When  more  irregular  in  form  and  size,  I  find  by  experiment  that  it 
may  be  about  |.  The  mere  size  of  the  grains  makes  no  djfkseaee^ 
provided  that  the  relation  between  the  amotmt  of  coarse  and  finer 
particles  remains  the  same.  These  empty  spaces  could  be,  and  oftea 
have  been,  filled  up  by  crystalline  calcite,  just  as  if  they  were  small 
irregular  mineral  veins.  We  see  every  oonnectang  link  betweeo 
cases  where  the  fragments  are  free  from  any  superficial  deposit  and 
those  where  the  interspaces  are  completely  filled  with  crystals. 
There  is  usually  no  difficulty  whatever  in  seeing  whether  the  inter- 
spaces have  been  thus  filled  by  infiltered  calcite  or  by  fine-grained 
mud  deposited  contemporaneously.  When  we  find  the  aragonite 
shells  all  removed  and  represented  by  casts,  we  may  very  reasonably 
conclude  that  at  all  events  a  considerable  part  of  the  calcite  now  filling 
the  cavities  between  the  particles  of  the  rock  was  derived  firom  them. 
The  more  direct  alteration  of  aragonite  fragments  and  partides  into 
calcite  would  also  manifestly  tend  to  bind  together  and  ccmsolidale  a 
loose  deposit.  In  many  cases,  however,  consolidation  has  been  brought 
about,  not  simply  by  the  introduction  of  crystalline  caldte  between  die 
particles,  but  by  a  more  general  change.  The  fragments  of  both  cakite 
and  aragonite  organisms  have  so  crystallized  along  with  tiie  surround- 
ing fine-grained  mud,  that  not  only  has  their  organic  slructure  been 
lost,  but  also  their  external  outline.  It  would  be  very  int^vsting 
to  know  how  fhr  this  change  depends  upon  t^epreemce  of  angtmite 
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mad.  It  is  manifestly  not  the  effect  of  heat-metamorphism,  since  even 
in  the  modem  deposits  of  Bahama  and  Bermuda  such  a  complete 
alteration  has  occurred  dose  alongside  perfectly  unaltered  deposits, 
and  hoth  extremes  may  be  seen  at  once  in  the  field  of  the  micro- 
scope. The  resulting  rock  is  well  consolidated,  and  has  a  very  com- 
plex structure,  being  mottled  with  patches  of  coarse  and  fine  crys- 
talline grains.  Knowing  that  such  a  structure  is  thus  readily 
developed  in  modern  coral-reef  deposits  of  broken-up  and  decayed 
shells,  corals,  and  other  calcareous  organisms,  we  may  very  reason- 
ably conclude  that  a  similar  structure  met  with  in  more  ancient 
rooks  was  produced  in  the  same  manner. 

JReplaeement  of  Lime  by  Ferrous  Oxide,  Magnesia,  ^c. 

When  a  piece  of  Iceland  spar  is  kept  for  some  time  at  a  mode- 
rately high  temperature  in  a  solution  of  ferrous  chloride,  free  from 
access  of  air,  we  obtain,  by  replacement  of  the  lime,  an  excellent 
pseudomorph  of  carbonate  of  iron  in  the  state  of  small  hard  crystals. 
If  kept  in  a  ferric  salt,  even  at  the  common  temperature,  we  have  a 
replacement  by  ferric  oxide,  which,  however,  is  of  loose  texture. 
The  presence  of  organic  matter  and  soluble  sulphates  would  readily 
explain  the  replacement  by  magnetic  oxide  or  pyrites.  These  che- 
mical and  mineral  changes  have  often  occurred  in  limestone  rocks. 
The  statements  made  by  previous  experimenters  led  me  to  expect 
that  on  keeping  a  portion  of  Iceland  spar  for  some  time  at  a  high 
temperature  in  a  solution  of  chloride  of  magnesium,  I  should  have 
obtained  a  pseudomorph  of  dolomite ;  but  to  my  surprise  I  found  that 
the  external  crust  formed  by  replacement  consisted  almost  entirely 
of  carbonate  of  magnesia.  Considering  how  commonly  one  half  of 
the  lime  has  been  replaced  by  magnesia  Id  limestones,  giving  rise  to 
dolomite,  there  must  be  some  condition,  not  easily  imitated  artificially, 
which  has  caused  the  replacement  to  stop  short,  and  given  rise  to  a 
doable  carbonate. 

Structure  of  different  Limestanes. 

In  the  above  introduction  I  have  endeavoured  to  so  far  treat 
general  questions  as  to  enable  me  more  concisely  to  describe  parti- 
cular examples.  Not  to  extend  my  address  to  an  unreasonable 
length,  I  will  almost  exclusively  confine  my  remarks  to  British 
rocks,  and  allude  to  others  merely  as  illustrations. 

Travertine  and  Tufa, 

The  origin  of  travertine  and  tufa  is  so  well  known  that  I  need 
Bay  nothing  about  it,  and  shall  confine  my  remarks  to  their  micro- 
scopical structure.  Occasionally  they  consist  of  a  mass  of  crystals 
of  caldte  having  no  definite  orientation  ;  but  still  they  have  a  con- 
stant tendency  to  form  with  the  principal  axis  perpendicular  to 
the  surface  on  which  they  are  deposited,  giving  rise  to  a  more  or 
less  completely  parallel  structure.  Some  of  the  crystals  are  com- 
paratively pure  and  transparent,  but  others  are  full  of  minute  tubular 
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cavities,  or  coutain  granules  of  colcite  having  no  definite  orientation. 
In  some  examples  we  see  incladed  Diatoms  and  Confervse ;  and  it  is 
of  interest  to  notice  that  when  such  a  tufa  is  dissolved  in  dilate 
hydrochloric  acid,  the  insoluble  residue  contains  many  weU-preserred 
Confervse,  but  no  Diatoms.  It  thus  appears  that  by  long  contact 
with  carbonate  of  lime  the  silex  has  been  removed,  or  so  altered 
that  it  is  soluble  in  dilute  acid. 

OoUtiC'  Grains, 

In  order  to  avoid  repetition,  it  wiU  bo  well  to  consider  the  whole 
question  of  oolitic  grains  in  connexion  with  modem  examples, 
since  they  throw  so  much  light  on  the  origin  and  subsequent  altera- 
tion of  those  formed  at  earlier  periods. 

On  examining  a  thin  section  of  the  oolitic  SpruddsUm  of  Carls- 
bad, we  see  that  the  grains  have  a  very  well-marked  fine  concentric 
structure,  and  were  formed  round  fragments  of  quartz  and  other  nudci 
(fig.  5).  With  polarized  light  we  see  that  there  is  very  little  unoriented 
granular  matter ;  for  each  grain  gives  a  well-defined  black  cross,  with 
coloured  sectors  between  the  bars.  "Without  closer  examination  this 
might  naturally  be  ascribed  to  the  grains  being  made  up  of  minute 
prismatic  crystals,  radiating  equally  in  all  directions.  If  it  were  so, 
the  negative  principal  axis  would  be  in  the  line  of  the  radii,  whereas 
it  is  parallel  to  the  concentric  layers ;  this  quite  agrees  with  the 
absence  of  any  visible  radiating  structure  in  the  grains  themselv^ 
which  is,  however,  quite  distinct  in  the  deposit  formed  over  them 
after  final  deposition,  consbting  of  small  crystals  having  their 
negative  axis  perpendicular  to  the  surface  of  the  grains.  When 
we  allow  for  the  impurities,  the  sp.  gr.  of  both  this  external  layer 
and  the  spherical  concretions  proves  them  to  be  aragonite.  It 
thus  appears  almost  certain  that  the  thin  concentric  layers  were  nc^ 
formed  by  the  normal  deposition  of  crystals  from  solution,  but  by 
the  more  or  less  mechanical  accumulation  of  minute  prismatic 
crystals,  with  their  longer  axis  parallel  to  the  surface  of  growth. 
We  may  well  believe  that  true  chemical  deposition  was  going  on  at 
the  same  time.  AH  that  is  necessary  to  explain  the  facts  is  to 
assume  that  the  position  of  the  axis  of  the  crystals  was  determined 
by  the  direction  in  which  the  minute  crystalline  nuclei  were  me- 
chanically accumulated  round  a  centre,  something  like  the  layers  in 
a  large  rolled  snowball. 

When  we  examine  some  of  the  recent  limestones  from  Bahama 
and  Bermuda  we  find  oolitic  grains  of  the  same  general  character 
as  those  in  Sprxidehtdn^  having  their  negative  axis  concentric, 
though  the  crystalline  character  is  made  less  perfect  by  the  presence 
of  unoriented  granules.  The  spherules  are  as  though  they  had  been 
formed,  not,  as  at  Carlsbad,  in  the  water  of  a  clear  mineral  spring, 
but  in  water  containing  so  much  mud,  derived  from  decayed  sheUs 
and  corals,  that  the  purely  chemical  deposit  served  mainly  to  coUect 
them  together  into  spherules.  The  result  is  that  the  oolitic  grains 
show  a  granular  and  a  crystalline  structure  in  varying  proportion 
in  different  grains  and  in  different  layeri»,  the  outer  layers  being 
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usually  more  crystalline  than  the  inner.  Similar  grains  occur  in 
the  Tertiary  freshwater  limestone  of  the  Isle  of  Wight.  In  hoth  it 
and  the  recent  Bahama  rocks  secondary  crystallization  has  some- 
times occurred  in  the  grains  since  deposition,  so  as  to  greatly  alter 
their  mechanical  and  optical  character  and  more  or  less  obliterate 
the  thin  concentric  layers.  The  larger  irregular  crystals  formed  in 
them  have  either  no  special  orientation  or  are  arranged  with  the 
principal  axis  converging  towards  the  centre.  This  crystalliza- 
tion is  still  better  seen  in  some  of  our  older  limestones,  and  the 
secondary  crystals  often  clearly  radiate  from  the  external  surface, 
as  shown  by  fig.  7.  All  these  facts  would  be  perfectly  intelligible 
if  the  originally  crj'stalline  portion  was  aragonite,  which  afterwards, 
like  that  of  the  associated  fragments  of  shcU,  passed  into  calcite. 

Kose  has  shown  •  that  carbonate  of  lime  is  deposited  in  the  form 
of  aragonite  from  hot  solutions.  I  find  that  a  heat  far  below  boil- 
ing wUl  give  rise  to  it ;  but  since,  under  certain  conditions,  as  in 
shells  and  corals,  it  may  be  formed  at  the  ordinary  temperature, 
perhaps  it  does  not  necessarily  follow  that  aragonite  oolitic  grains 
were  formed  in  warm  water,  though  such  a  supposition  woidd 
certainly  agree  well  with  many  observed  facts. 

In  the  Jurassic  rocks  we  occasionally  meet  with  grains  of  the  altered 
aragonite  type ;  but  the  usual  normal  oolitic  grains  are  composed  of 
more  or  less  well-defined  layers  of  small  crystals  of  calcite,  having 
their  principal  negative  axis  arranged  with  greater  or  less  regu- 
larity in  a  radiate  manner  (fig.  6),  so  as  t(>  give,  with  polarized 
light,  an  imperfect  black  cross.  These  crystals  are  of  such  a  uni- 
form size,  both  in  the  same  and  in  different  grains,  and  so  definitely 

Fig.  5.  Fig.  6.  Fig.  7. 


oriented,  that  I  can  scarcely  attribute  them  to  the  recrystallization 
of  aragonite,  and  must  conclude  that  oolitic  grains  of  this  type  indi- 
cate the  original  deposition  of  calcite  round  nuclei  gently  drifted 
along  by  currents  of  the  ordinary  temperature,  which  caught  up 
more  or  less  of  the  surrounding  mechanical  impurities.  In  the 
same  manner  as  calcite  shells,  such  oolitic  grains  have  in  a  few 
very  special  cases  undergone  subsequent  recrystallization  into  crys- 
tals which  do  not  radiate  from  the  centre,  but  are  as  though  the 
*  A  bhandl.  Berlin,  1858,  p.  63. 
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oliange  liad  begun  on  the  external  sorfiioe  and  extended  inwiidly. 
The  three  chief  types  of  oolitio  graimi  are,  therefore,  oonoentrk, 
(fig.  5),  radiate  (fig.  6),  and  reerystEdlized  (fig.  7). 

Recent  LimesUmes. 

Many  questions  connected  with  the  nature  and  origin  of  oar 
older  limestones  are  veil  explained  by  the  study  of  eomparatmly 
modem  deposits.  I  will  commence  with  very  simple  casea,  and 
afterwards  consider  some  which  are  more  complex.  What  I  ha^e 
already  said  about  the  structure  of  yarious  recent  and  fossil  oigaa- 
isms  will,  I  trust,  suffice  to  explain  the  data  on  which  are  baaed  the 
identifications  described  in  the  subsequent  portions  of  my  Address. 

A  section  of  a  recent  limestone  from  St.  Helena  shows  clearly  that 
it  consists  mainly  of  rounded  g^rains  of  Corallines,  which  often 
enclose  Foraminifera,  along  with  a  few  rounded  grains  of  MoUnsea, 
Balani^  and  limestone,  the  organic  structures  being  p^feotly  pre- 
serred.  These  various  fragments  have  evidently  been  mechanittlly 
worn,  then  massed  together,  and  afterwards  firmly  cemented  by  the 
deposition  in  the  interspaces  of  small  crystals. 

A  specimen  from  Bermuda  shows  that  it  was  a  fine  sand,  mainly 
composed  of  fragments  of  corals,  with  the  structure  often  lost,  along 
with  a  few  grains  derived  from  MoUusoa  and  Corallines.  Many 
entire  Foraminifera  are  present.  A  specimen  from  Bahama  differs 
from  this  mainly  in  containing  more  fragments  of  Mollusca  and 
Balaniy  and  many  rounded  grains  of  previously  oonaalidated  lime- 
stone. Another  specimen  from  Bahama  is  mainly  a  hardened 
deposit  of  fine  calcareous  mud,  probably  formed  frt>m  various  organic 
bodies  by  decomposition  and  mechanical  wearing.  Other  examples 
show  a  similar  fine-grained  deposit  surrounding  fragments  of  Coral- 
linos,  Corals,  Mollusca,  and  Foraminifera.  In  some  parts  of  a 
microscopical  section  their  organic  structure  is  perfectly  preserved, 
and  there  is  a  complete  contrast  between  them  and  the  surrounding 
fine-grained  calcareous  mud ;  but  often  in  the  same  field  of  view  we 
can  see  that  thoy  have  so  crystallized  with  the  mud  that  their  structure 
and  even  their  outline  have  been  lost,  and  we  have  merely  a  fine- 
grained crystalline  base,  including  irregular  finer-grained  and  more 
opaque  blotches,  apparently  due  mainly  to  the  coUecting  tog^h^ 
of  the  organic  and  other  impurities  driven  off  from  the  more  crys- 
talline parts.  Such  a  structure  is  common  in  our  older  limestones. 
In  many  of  my  specimens  from  Bahama  and  Bermuda  are  roun^d 
grains  of  limestones  analogous  to  those  just  described ;  and  one  of 
my  specimens  is  to  a  considerable  extent  composed  of  somewbat  un- 
usually large  rounded  grains  of  a  limestone  which  itself  contains 
grains  of  a  still  earlier  limestone.  We  thus  see  that  in  some  cases 
the  material  was  deposited,  consolidated,  and  broken  np  at  least 
twice  before  being  finally  accumulated. 

I  have  already  described  the  very  interesting  oolitic  grains  found 
in  the  recent  coral-reef  rocks,  the  spedal  character  of  which  deposits 
may  in  part  be  due  to  the  high  temperature  of  tropical  seas. 

So  much  attention  has  been  paid  by  oth^s  to  ^e  unconsolidated 
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deposits  of  the  deep  ooeans  that  I  will  not  occupy  in  describing 
them  time  that  will  be  more  osefhlly  employed  in  considering  Icis^ 
known  subjects. 

Tertiary  lAmestonei  of  the  hU  of  Wight. 

Only  in  one  very  ferroginons  specimen  have  I  found  the  organic 
structure  of  the  sheU-f  ragments  perfectly  preserved,  and  their  deri- 
Tadon,  chiefly  from  liimuBidsB  and  analogous  shells,  well  esta* 
bliihed.    Being  aragonite  shells,  they  haye  usually  been  remoTcd  or 
changed  into  crystals  of  calcite ;  but  eyen  in  such  specimens  the 
structure  of  the  fragments  of  Ghara  and  Entomostraca  is  preserved, 
no  doubt  because  they  were  originally  calcite.    Some  of  the  rock 
consists  of  shell-sand  mixed  with  grains  of  quartz;  but  in  most 
cases  the  fragments  are  scattered  through  a  fine-grained  base,  which 
I  think  we  must  refer  mainly  to  sheUs  which  have  been  completely 
decomposed.    As  in  the  case  of  the  recent  limestones  of  Bahama 
and  Bermuda,  many  specimens  show  that  portions  of  the  deposit 
were  consolidated,  broken  up,  and  rolled  into  small  pebbles  or  sand, 
and  deposited,  occasionally,  with  very  different  material.     Grains  of 
quartz  sand  or  fragments  of  shell,  in  combination  with  more  com* 
plex  nuclei,  have  often  collected  round  them,  whilst  in  motion,  con* 
centric  layers  of  calcareous  mud  consolidated  by  a  contemporaneous 
chemical  deposition  of  carbonate  of  Hme,  which  occasionally  was 
BO  abundant  that  each  grain  gives  rise  to  a  black  cross  with  polarized 
light,  like  those  seen  in  the  Carlsbad  Spntdeltiein/  Sometimes, 
indeed,  the  fragments  are  of  limestone,  which  was  itself  to  a  con« 
siderable  extent  derived  from  the  breaking  up  of  a  previously  con- 
solidated deposit.     This  contemporaneous,  more  or  less  complete 
consolidation  and  repeated  breaking  up  prior  to  final  deposition  is 
by  no  means  uncommon,  and  appears  to  me  of  much  interest  and 
importance  in  connexion  with  the  structure  and  origin  of  lime- 
stones, since  its  occurrence  or  absence  manifestly  indicates  mate- 
rially different  chemical  and  mechanical  conditions.     Simple  and 
striHng  as  are  the  facts,  it  is  only  quite  recently  that  my  more 
perfect  methods  of  observation  have  led  me  to  discover  what  appears 
to  me  to  be  their  true  explanation. 

Since  deposition,  some  of  the  specimens  of  limestone  have  under- 
gone irregalar  crystalline  changes,  and  have  thus  acquired  a  variable 
and  complex  structure. 

Though  it  can  scarcely  be  called  a  limestone,  yet  a  hard  calcareous 
band  in  the  Barton  Clay  deserves  notice,  on  account  of  the  remark- 
able preservation  of  the  structure  of  the  shell-fragments.  That  of 
the  various  Qastropoda,  composed  of  aragonite,  is  as  perfect  as  in 
living  shells,  and  at  once  distinguishes  them  from  the  associated 
shells  of  (htrea.  The  unusual  state  of  preservation  may  be  due  to 
partial  silicification,  though  no  trace  can  be  seen  of  the  deposition 
of  the  siliceous  concretions  met  with  in  many  silicified  shells.  The 
contrast  between  the  orange-colour  of  the  shell-fragments  and  the 
bright  green  of  the  glauconite  grains  in  the  surroundin  depost 
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makes  this  one  of  the  most  beantifiil  rock-sections  I  haro  ercr 
seen. 

ChdUc. 

The  minnto  organisms  obtuned  from  nnoonsolidatcd  chalk  bj 
washing  have  been  folly  described  by  Ehrenbeig  and  many  other 
authors ;  bat,  so  far  as  I  am  aware,  lit^e  attention  has  been  directed 
to  thin  sections,  which  alone  can  show  certain  facts  to  adyantage. 
As  a  rule,  the  more  or  less  unbroken  Foraminifera  constitate  only  a 
small  part  of  the  whole  rock.  The  QlobigerincB  and  single  detadied 
cells  from  other  genera  are  far  more  abundant ;  and,  if  all  the  re- 
cognizable remains  of  Foraminifera  were  included  together,  pro- 
bably their  bulk  might  be  equal  to  that  of  the  fragments  of  laiger 
orgamsms,  but  their  weight  certainly  much  less,  on  account  of  their 
shells  being  very  thin  and  hollow.  The  most  characteristic  and 
abundant  fragments  of  larger  organisms  are  the  more  or  leas  de- 
tached prisms  of  the  outer  layer  of  Inoeeramus.  Other  fragments 
may  have  been  derived  from  tiie  inner  pearly  layer ;  and  portions  of 
Ostrea,  Pecten^  and  calcite  Polyzoa  are  not  uncommon.  Fragments 
of  Echinoderms,  with  the  structure  preserved,  are  also  abundant ; 
and  so  are  simple  or  branched  spicula  or  spines,  derived  firom  sponges, 
shells,  or  echinoderms. 

Occasionally  fragments  of  Brachiopods  are  met  with.  In  some 
cases  the  shell-fragments  have  a  very  irr^^ular  outline,  and  are  full 
of  minute  borings,  as  though  they  had  slowly  decayed  in  qniet 
water.  On  the  whole  the  structure  is  remarkably  uniform,  from  the 
north  of  England  to  the  south.  The  chief  difference  is  in  the 
relative  amount  of  the  different  kinds  of  fragments,  and  in  the 
bulk  of  these  fragments  as  compared  with  that  of  the  fine-grained 
material  surrounding  them,  as  though  the  constituents  had  been 
partially  sorted  by  gentle  washing.  Only  a  few  specimens  contain 
grains  of  quartz-sand.  The  nature  of  the  fine-grained  calcareons 
mud  cannot  be  properly  learned  from  thin  sections,  but  is  well 
seen  when  unconsolidated  chalk  is  disseminated  in  water  or  mounted 
in  balsam.  CoccoUths  abound ;  but  very  many  of  the  minute 
granules  are  identical  in  appearance  with  those  derived  from  the 
decomposition  of  aragonite  shells  and  corals.  On  the  whole,  then, 
though  occasionally  Foraminifera  are  abundant,  and  though  their 
more  or  less  entire  shells  are  a  very  important  constitaent,  yet 
other  larger  calcareous  organisms  have  probably  yielded  the  greater 
part  of  the  rock.  It  is  therefore  very  far  from  being  identical 
with  the  Olohigerina-ooze  of  our  modem  deep  ooeans,  though  thov 
is  an  interesting  connexion  between  them.  Chalk  is  also  equally 
unlike  any  of  our  older  rocks.  It  is  analogous  to  deep-ocean  mod 
comparatively  free  from  volcanic  and  other  mechanical  mineral 
impurities,  to  which  has  been  added  much  detritus  derived  hxna 
larger  shells,  and  from  which  the  siliceous  oi^nisms  have  been 
removed  and  their  silex  collected  into  flints.  The  cells  of  the 
Foraminifera  in  tho  hard  chalk  of  Yorkshire  are  filled  with  calctte, 
but  those  in  the  soft  chalk  of  the  south  are  empty. 
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On  the  whole,  the  closest  resemblance  I  have  seen  to  deep- ocean 
mnd  is  in  the  ease  of  some  specimens  of  the  Firestone  below  the 
chalk  of  YentnoT.  Entire  iForaminifera  are  abundant,  fragments  of 
larger  shells  are  rare,  and  fine  grains  of  quartz-sand  are  common. 
The  other  mineral  impurities  are  partly  volcanic  ash,  but  chiefly 
grains  of  glauconite,  formed  more  or  less  contemporaneously, 
usually  not  in  the  chambers  of  Eoraminifera,  thoujgph  it  does  occur 
in  some. 

Kentish  Bag. 

The  Kentish  Bag  from  the  neighbourhoods  of  Ashford  and  Folke- 
btone  is  chiefly  composed  of  shells  broken  up  or  decayed  into 
granules,  mixed  with  much  quartz-sand  and  other  mineral  im- 
purities. Amongst  the  most  numerous  of  the  better-preserved 
fragments  may  be  named  portions  of  Echinoderms,  Polyzoa,  Ostrea^ 
Pecteuy  MytiUis^  and  Serpula,  all  being  calcite  ehcUs,  retaining 
structure.  The  numerous  fragments  which  have  become  crystalline 
and  lost  the  organic  structure  were  no  doubt  derived  from  aragonite 
shells ;  but  their  exact  nature  cannot  be  determined.  Glauconite 
abounds,  sometimes  filling  hollow  spaces  in  the  tissue  of  Echino- 
derms or  borings  made  into  more  solid  shells,  but  usually  as  curi- 
ously cracked  rounded  grains  or  angular  fragments,  and  rarely 
filliug  the  chambers  of  Eoraminifera,  which  occur  very  sparingly  in 
the  rock.  One  circumstance  worthy  of  remark  is  that  a  few 
oolitic  grains  occur  of  such  a  character  as  to  make  me  suspect  that 
they  may  have  been  derived  from  the  denudation  of  Oolitic  rocks ; 
and,  if  so,  perhaps  some  other  fragments  and  part  of  the  fine- 
grained mud  may  have  come  from  the  same  source. 

Wealden  and  Purbeck  Rocks, 

The  Sussex  marble  and  other  analogous  Wealden  limestones  are 
often  to  a  great  extent  made  up  of  large  and  smaller  fragments  of 
freshwater  shells  of  the  aragonite  type,  rarely  showing  any  organic 
btructure.  In  some  specimens  the  shells  of  Entomostraca  with 
well-preserved  structure  constitute  a  very  considerable  part  of  the 
rock.  In  addition  to  the  above-named  constituents,  some  of  the 
Wealden  limestones  of  the  Isle  of  Wight  contain  numerous  fragments 
of  Ostrea^  and  occasionally  many  minute  or  larger  fragments  of 
bone,  easily  distinguished  from  those  of  shell  by  their  organic  struc- 
ture and  rich  orange-colour. 

I  have  made  many  sections  of  the  Purbeck  limestone  from  the 
neighbourhood  of  Weymouth,  and  only  a  few  from  Purbeck  and 
other  localities.  One  of  my  specimens  from  Purbeck  may  be  called 
a  shell-sand,  being  mainly  composed  of  moderately  large  curved 
fragments  of  aragonite  shells  with  a  few  Entomostraca.  Along 
with  these  are  grains  of  previously  consolidated  limestone,  probably 
of  almost  contemporaneous  origin.  Another  specimen,  no  doubt 
deposited  in  more  tranquil  water,  contains  much  fine-grained  mud, 
fewer  fragments  of  large  shells,  and  many  Entomostraca.     My 
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speoiinens  firom  Elwell,  nortih  of  Weymouth,  diSdt  from  fhnmaiott 
described  mainly  in  containing  a  lar^  number  of  imperfect  ooutio 
grains,  which  show  that  the  limestone  fragments  were  probably 
of  almost  oontemporaneons  origin,  a  sufficient  crystalline  d^MMition 
having  taken  place  to  consolidate  the  caleareons  mad  into  pdlels 
that  could  not  be  broken  up  by  a  gentle  current.  This  kind  of 
structure  is  still  more  marked  in  the  Purbeck  beds  of  Portland, 
which  may  be  said  to  be  sheU-sands  with  a  varying  amount  of  shell- 
mud,  which,  previous  to  final  deposition,  was  often  collected  into 
minute  or  larger  pellets,  which  might  be  called  uncrystalline  oolide 
grains.  The  deposition  of  caldte  was,  however,  sometimes  so 
considerable  that  the  fragments  of  shells  and  the  pellets  were 
coated  with  a  thin  layer  of  fibrous  ciystals,  so  as  tio  form  rudi- 
mentary true  oolitic  grains  with  relatively  large  nudeL 

PorOand  Oolite. 

The  upper  part  of  this  rock  in  Portland  differs  little  from  the 
Purbeck  beds,  and  contains  vast  numbers  of  Entomostraoa. 

Passing  downwards,  through  beds  of  intermediate  character,  we 
come  to  the  building-stone.  Both  at  Portland  and  at  ElweD  we 
may  call  the  rock  a  coarse  or  finer  shell-aand,  mixed  with  a  variable 
amount  of  fine  granules  cemented  together  into  pellets  by  obscoie 
crystalline  depositions,  which,  however,  sometimes  gave  rise  to 
true,  visibly  radiate,  oolitic  grains.  Unless  partially  silidfied,  the 
aragonite  shells  have  so  far  lost  their  organic  structure  that  they 
can  no  longer  be  identified.  Their  relative  amount  varies  much 
according  to  the  nature  of  the  specimen.  If  much  fine  gra- 
nular matter  is  present,  as  if  the  material  had  been  d^xMited  in 
still  water,  there  is  often  a  considerable  amount  of  them ;  but  if 
tlie  specimen  is  as  though  the  deposit  had  taken  place  in  a  current, 
they  are  more  or  less  completely  absent,  probably  because  they  had 
become  tender  by  decomposition,  and  were  broken  up  before  final 
deposition.  Under  similar  circumstances  the  calcite  shells  have 
resisted  this  complete  disintegration,  and  still  show  the  original 
structure.  Of  these  the  most  abundant  fragments  are  of  Edhiino- 
dorms,  Brachiopoda,  Ostrea^  and  calcite  Polyzoa,  and  there  are 
many .  detached  prisms  of  AviculidaB.  On  the  whole,  then,  the 
nature  and  origin  of  the  rock  is  sufficiently  apparent,  and,  as  far  as 
the  oolitic  structure  is  concerned,  it  is  a  good  example  of  a  con- 
nectinj?  link  botween  pellets  formed  by  the  coherence  of  granules 
derived  from  decayed  shells  and  the  true  crystalline  chemically 
deposited  oolitic  grains  so  abundant  in  the  rocks  which  must  next 
daim  attention. 

Coralline  OoliU, 

The  following  conclusions  respecting  the  Coralline  Oc^te  hamo 
been  derived  from  the  study  of  spedmens  from  Yorkshire,  Oxford- 
shire, Wiltshire,  and  Dorsetshire.  As  a  general,  if  not  universal, 
rule,  all  the  aragonite  organisms  have  become  very  crystalline,  and 
seldom  retain  more  than  a  trace  of  straoture ;  but  their  geneni 
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form  often  shows  that  a  large  part  of  the  sandy  beds  has  been 
derired  from  MoUnsca  and  aragonite  Corals.  The  calcite  shells 
nsaally  retain  their  original  Btraotare,  and  in  some  cases  are  the 
chief  constituent  of  the  rock.  Of  tiiese,  fragments  of  Echinodorms 
and  Ostrea  are  the  most  abundant;  and  next  to  them,  in  descending 
order,  may  be  named  portions  of  Pema,  Foraminifera,  Mytilns, 
Serpula^  and  Brachiopoda.  There  is,  however,  considerable  varia- 
tion, and  in  the  so-called  Pi?nui-bed  in  Dorsetshire  the  prisms  of 
that  shell  are  specially  abundant.  This  bed  and  also  certain  beds 
in  Yorkshire  are  remarkably  rich  in  the  small  reniform  shells 
named  by  Mr.  Blake  *  Renulinay  which  constitute  as  large  a  part  of 
the  bulk  of  the  rock  as  the  Foraminifera  do  in  all  but  a  very  few 
exceptional  specimens  of  chalk.  Amongst  the  recognizable  frag- 
ments must  be  named  those  of  previously  consolidated  limestone. 
Some  of  these  contain  grains  of  quartz-sand,  and  are  quite  unlike 
the  surrounding  rock,  whilst  others  are  themselves  oolitic,  and  have 
characters  so  lie  those  of  the  Coralline  Oolite  that  probably,  as  in 
many  cases  already  mentioned,  their  formation  and  final  deposition 
were  almost  contemporaneous. 

The  relative  amount  of  oolitic  grains  varies  very  much.  They 
usually  show  only  an  imperfect  black  cross  with  polarized  light,  but 
have  a  distinct  concentric  and  radiate  structure.  There  is  also  a 
great  variation  in  the  proportion  of  the  fine-grained  calcareous  mud, 
doubUess  the  effect  of  gentle  currents.  The  nature  of  the  material 
fully  justifies  the  name  Coralline  Oolite^  since  in  no  other  Jurassic 
rock  have  I  found  specimens  composed  to  so  large  an  extent  of  frag- 
ments of  true  aragonite  Corals. 

Kelloways  Rock, 

The  Kelloways  Rock  of  Scarborough  is  more  a  calcareous  grit 
than  a  limestone,  but  is  worthy  of  remark,  because,  in  common  with 
the  Scarborough  limestone,  it  contains  oolitic  grains  of  an  unusual 
t}^^.  They  have  undergone  a  secondary  crystallization  into  fibrous 
calcite,  the  crystals  sometimes  forming  fan-shaped  groups,  whose 
base  is  on  the  external  surface  of  the  grain,  as  shown  by  fig.  7,  so 
that  they  have  a  structure  more  like  that  of  the  chondrites  in 
meteorites  than  any  thing  else  I  have  seen  in  terrestrial  rocks. 

Cornhrctsh, 

My  knowledge  of  the  Combrash  is  derived  from  Yorkshire  and 
Wiltshire  specimens.  Though  the  rocks  in  these  two  counties  differ 
much  in  external  appearance,  they  have  certain  characteristic 
microscopical  peculiarities  in  common.  The  recognizable  fragments 
are  of  Echinoderms,  Brachiopoda,  Ostrea^  Modiola,  shell-prisms, 
pearl,  aragonite  MoUusca,  Entomostraca,  Foraminifera,  calcite 
Polyzoa,  and  grains  of  limestone,  in  varjdng  proportion,  but  on  the 
whole  none  strikingly  or  characteristically  abundant.  One  very 
marked  peculiarity  of  some  of  the  Yorkshire  specimens  is  the 
presence  of  vast  numbers  of  small  flat  rhomboidal  crystals,  which 
*  Monthly  Microeoopical  Journal,  1876,  xv.  p.  262. 
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are,  I  bdievo,  carbonate  of  iron,  probably  formed  after  the  deposition 
of  the  rock  by  the  subetitution  of  the  carbonate  of  lime,  but  to  a 
much  lees  extent  than  in  the  Cleveland  Ironstone;  the  general 
structure  of  the  rock  is  also  very  different. 

Forest  Marble. 

The  most  characteristic  peculiarity  of  the  Forest  Karble  of 
Wiltshire  is  the  unusually  large  amount  of  fragments  of  Terebratula 
with  tubular  perforations,  though,  on  the  whole,  probably  a  still 
larger  part  of  the  rock  is  made  up  of  fragments  of  Echinoderms. 
In  a  few  cases,  as  at  Frome,  the  greater  part  of  the  rock  is  composed 
of  commiuuted  Corals  and  Folyzoa,  and  at  Bath  of  comminuted 
Ostrea.  On  the  whole  there  is  but  a  small  amount  of  aragonite 
MoUusca ;  but  of  calcite  MoUusca  may  be  named  fragments  of 
Modiola  or  Mytilus,  and  prisms  of  AviculidsB.  Some  specimens 
contain  many  small  bits  of  bone ;  and  small  and  larger  grains  of 
previously  consolidated  limestone  are  also  by  no  means  rare.  Some 
of  these  are  oolitic ;  and  in  one  case  I  found  a  large  grain  itself 
containing  fragments  of  a  still  older  limestone,  thus  indicating 
a  similar  repeated  breaking  up  of  the  material  to  that  met  with  in 
the  modem  deposits  of  Bahama  and  Bermuda.  In  some  beds 
oolitic  grains  are  abundant,  and  show  radiating  structure  to  great 
perfection.  The  thickness  of  the  crystalline  deposit  varies  much 
even  in  contiguous  grains,  some  fragments  of  shell  being  free  from 
it,  others  covered  by  a  thin  layer,  whilst  in  other  cases  its  thicknera 
is  very  considerable.  Only  a  few  of  the  oolitic  grains  arc  broken ; 
but  yet  the  facts  clearly  show  that  they  were  not  formed  tn  sitH^ 
but  drifted  along  with  shell-fragments,  and  the  carbonate  of  lime 
deposited  from  the  water  at  no  great  distance  from  where  the 
material  was  permanently  accumulated. 

Great  Oolite. 

The  chief  constituents  of  this  rock  in  the  neighbourhood  of  Scar- 
borough are  fragments  of  Echinoderms,  Ostrea^  Brachiopoda,  shell- 
prisms,  pearl,  Modiola^  aragonite  shells  and  corals,  and  (^dte  Foly- 
zoa, as  well  as  others  of  doubtful  origin.  There  is,  however,  a  very 
considerable  variation  in  the  relative  amount  of  these  constituents, 
and  some  specimens,  are,  to  a  great  extent,  composed  of  fragments 
of  a  ribbed  calcite  shell  having  a  fibrous  structure  transverse  to  the 
])lane  of  growth,  possibly  a  Plagiottoma.  In  some  parts  of  the  rock 
are  oolitic  grains  of  the  unusual  type  found  also  in  the  KcUoways 
Rock.  Very  often  they  show  fine  concentric  layers,  but  have  been 
changed  into  a  mass  of  comparatively  large  crystals  so  arranged  as 
to  indicate  very  clearly  that  the  change  took  place  after  the  formation 
of  the  grains.  All  these  peculiarities  are  what  we  might  expect  to 
find  if  the  grains  were  originally  aragonite  in  concentric  layers, 
afterwards  changed  into  calcite.  Along  with  them  are  a  few  normal 
oolitic  grains,  probably  originally  calcite.  The  granular  base  of 
many  specimens  of  the  Scarborough  rock  has  been,  to  a  considerable 
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extont,  replaced  by  small  crystals  of  carbonate  of  iron,  subsequently 
mnch  oxidized. 

In  Lincolnshire  the  most  abundant  constituents  are  fragments  of 
coral,  EchinodermSy  Oysters,  Brachiopods,  aragonite  Mollusca,  and 
large  Eoraminifera.  One  specimen  from  near  Lincoln  is  remarkable 
in  being  to  an  unusual  extent  composed  of  detached  shell-prisms  of 
Aviculidse.  In  some  beds  the  radiate  calcite  oolitic  grains  are  seen 
to  great  perfection  without  any  trace  of  crystalline  change  since 
deposition. 

The  fissility  of  the  Btonesfield  slate  is,  in  great  measure,  duo  to 
minute  laminae  derived  from  Ostrea  and  Brachiopoda.  Passing  south 
to  near  Bath,  we  find  the  chief  organic  and  oolitic  constituents 
similar  to  those  just  deteribed.  It  may,  howeyer,  be  well  to  mention 
that  fragments  of  previously  consolidated  limestone  are  by  no  means 
rare.  The  oolitic  grains  are  usually  entire ;  but  not  unfrequently 
they  wore  broken  and  worn  before  being  deposited,  such  fragments 
occasionally  acting  as  the  nuclei  of  peHect  grains.  On  the  whole, 
there  can  be  no  doubt  that  they  were  formed  free  by  the  deposition 
of  radiating  crystals  of  calcite  round  fragments  of  shell  and  other 
nuclei,  and  drilled  along  with  the  sand  prior  to  final  accumulation  ; 
but  yet  they  vary  considerable  in  character.  Sometimes  the  radiate 
crystalline  calcite  is  their  chief  constituent ;  whereas  in  other  cases 
there  is  only  a  thin  superficial  layer,  very  imperfectly  attached  to 
the  large,  central,  granular,  and  almost  structureless  nucleus,  which 
thus  easily  detaches  itself  and  falls  out. 

Inferior  Oolite, 

The  constituent  fragments  of  the  Inferior  Oolite  in  the  neighbour- 
hood of  Cheltenham  and  Bath  differ  so  little  from  those  of  the  Great 
Oolite  that  it  is  scarcely  necessary  to  distinguisli  them.  They  are, 
on  the  whole,  mainly  Ostrea  and  Brachiopoda,  Echinoderms,  arago- 
nite Mollusca  and  Corals,  shell-prisms,  Polyzoa,  and  Eoraminifera, 
mixed  with  a  var}  ing  amount  of  true  radiate  oolitic  grains.  The 
ferruginous  oolitic  grains  in  the  rock  at  Dundry  have  an  unusually 
concentric  structure.  They  were  often  broken  during  their  forma- 
tion, and  the  fragments  acted  as  nuclei  for  a  fresh  deposit. 

The  Oolites  as  a  whole. 

We  thus  clearly  see  that  when  the  various  Oolitic  rocks  are 
composed  of  definite  fragments,  these  can  be  more  or  less  confidently 
identified  by  their  structure  or  form.  That  so  large  a  proportion  of 
the  recognizable  fragments  were  derived  from  Echinoderms,  Oysters, 
Brachiopods,  and  shell-prisms  is  manifestly  due  to  the  fact  that  such 
calcite  organisms  do  not  decay  down  into  granules.  Notwithstanding 
this,  and  though  there  arc  many  exceptions,  yet  on  the  whole,  as  com- 
pared with  limestones  of  other  periods,  those  of  Oolitic  age  are  cha- 
racterized by  containing  an  unusual  amount  of  comminuted  aragonile 
sbcUs  and  corals,  which,  to  some  extent,  may  be  attributed  to  a  more 
rapid  accumulation,  before  they  had  time  to  decay  into  fine-grained  \ 
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oaloite  mud.  Still  I  cannot  but  believe  that  their  relatiTe  amount 
in  the  Oolitic  seas  was  even  larger  than  that  of  the  fragments  in 
the  rocks,  and  that  their  more  complete  decomposition  gave  rise  to  a 
great  part  of  the  fine-grained  beds  interstratified  with  the  shdl- 
sand.  At  the  same  time  a  very  considerable  amount  of  carbonate  of 
lime  was  certainly  deposited  chemically  from  actaal  solution,  usually 
as  calcite,  but  occasionally  as  aragonite,  causing  the  granular  mi^ 
to  collect  into  rounded  pellets,  and  in  many  cases  b^g  deposited 
in  a  more  or  less  pure  state  round  nuclei,  so  as  to  give  rise  to  the 
radiate  oolitic  grains.  The  special  conditions  which  led  to  these 
results  are  weU  worth  inquiry,  but  would  lead  me  beyond  the  true 
limits  of  my  subject. 

Lias. 

On  the  whole,  the  organic  constituents  of  the  coarser-grained  beds 
of  the  lias  are  closely  like  those  of  similar  beds  of  Oolitic  age,  though 
there  is  a  relatively  less  amount  of  fragments  of  aragonite  shells  and 
corals.  By  far  the  greater  bulk  is  made  up  of  joints  of  PeniacrinmM^ 
which,  in  some  cases,  constitute  nearly  the  whole  rock.  Next  in 
abundance  are  fragments  of  Brachiopods  and  Oysters  and  shell-piisms; 
but  Eoraminifera  and  portions  of  Belemnites  and  bone  also  occur. 
The  somewhat  finer-grained  beds  differ  mainly  hi  the  comparative 
absence  of  joints  of  Pentacrintu,  whilst  the  finestr-grained  wei^  pnn 
bably  derived  from  completely  ground  down  or  decayed  shells,  mixed 
with  much  mineral  impurity  and  more  or  less  coloured  by  bituminous 
matter,  often  seen  in  the  thin  sections  as  well-marked  orange-coloured 
patches.  Grains  of  glauconite  or  some  other  analogous  green  mineral 
are  not  uncommon,  and  it  often  fills  up  the  hollow  spaces  in  the  joints 
of  Pentacrinus  and  in  shells,  so  as  to  show  their  structure  in  a  very 
striking  manner.  Occasionally  very  crystalline,  non-radiate,  oolitic 
grains  are  met  with,  which  have  all  the  characters  of  recrystallixed, 
small,  concentric,  aragonite  concretions. 

The  Cleveland-Hill  Ironstone. 

This  is  altogether  an  anomalous  rock,  the  oolitic  grains  being 
quite  imlike  the  usual  type.  They  have  no  trace  of  radiate  structure, 
but  consist  of  fine  concentric  laminsB  of  a  greenish  granular  matter, 
wnich  apparently  does  not  now  contsdn  much  carbonate  of  lime^ 
They  have  often  been  broken  before  deposition.  Fragments  of  shell 
occur  sparingly.  In  some  cases  peroxide  of  iron  appears  to  have 
formed  an  original  constituent  of  the  oolitic  grains,  having  ho&a. 
collected  on  them  mechanically  or  by  contemporaneous  or  subsequ^t 
chemical  replacement,  and  afterwards  reduced  to  black  oxide. 
Perhaps  the  most  interesting  specimen  I  have  examined  is  one  from 
Eston  Nab,  in  which  the  iron  occurs  mainly  as  small  crystals  of  the 
carbonate ;  and  nothing  could  be  more  dear  than  that  it  was  collected 
in  its  present  state  subsequent  to  the  deposition  of  the  rock,  by  the 
replacement  of  carbonate  of  lime  by  carbonate  of  iron.  This  is  weU 
shown  by  the  fragments  of  aragonite  shells,  which  have  their  surface 
for  a  certain  depth  replaced  by  dog-tooth  crystals,  penetrating  inte 
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them  just  as  in  the  case  of  an  artificial  psendomorph  which  I  pre- 
pared hy  keeping  a  portion  of  Iceland  spar  for  some  weeks  at  a 
somewhat  high  temperature  in  a  solution  of  ferrous  chloride.  The 
exterior  of  the  oolitic  grains  is  also  replaced  in  the  same  manner ; 
but,  curiously  enough,  fragments  of  Brachiopods  and  Oysters  are  not 
at  all  changed,  thus  showing  that  the  chemical  action  varied  some- 
what according  to  the  original  character  of  the  shell.  The  charac- 
teristic constituent  of  the  Cleveland-Hill  Ironstone  was  thus  derived , 
partly  from  mechanical  deposition  and  partly  from  subsequent  che- . 
mical  replacement  of  the  originally  deposited  carbonate  of  lime, 
which  probably  thus  served  to  collect  together,  from  associated  fer- 
ruginous, non-calcareous  beds,  a  large  part  of  the  iron  which  the 
rock  now  contains,  as  suggested  in  my  paper  in  the  Beport  of  the 
West-Eiding  Geological  and  Polytechnic  Society*. 

Magnesian  Limestone. 

It  would  occupy  far  too  much  time  to  discuss  the  origin  of  dolo- 
nudc  rocks  in  general;  I  propose,  therefore,  to  confine  my  remarks 
mainly  to  the  structure  of  the  Magnesian  Limestone  of  8outh  Tork- 
shire  and  Nottinghamshire.  Many  of  the  beds  clearly  show  that  they 
originally  contained  normal  oolitic  grains  and  shell-fragments,  and 
that  both  these  constituents  subsequently  became  completely  crystal- 
line. The  structure  is  exactly  like  what  would  result  if  beds  closely 
resembling  many  Oolitio  strata  were  changed  into  a  crystalline  rock 
by  the  replacement  of  half  the  lime  by  magnesia.  Some  of  the  firag- 
ments  are  apparendy^portions  of  a  previously  consolidated  limestone, 
and  here  and  there  some  special  organisms  retain  their  true  structure* 
North  of  Nottingham  some  of  the  beds  are  now  composed  of  such 
large  crystals  of  the  characteristic  rhombic  form,  that  each  separate 
crystal  shows  traces  of  a  number  of  what  may  have  been  grains  of 
shell-sand ;  but,  on  the  whole,  the  great  bulk  of  the  beds  is  now 
simply  a  mass  of  small  and  larger  crystals  with  here  and  there  weU- 
marked  though  often  very  much  altered  shells  of  Foraminifera  and 
Entomostraca.  When  the  whole  rock  is  thus  so  thoroughly  crystal- 
line, and  little  or  no  trace  of  original  structure  can  be  seen,  it  is  im- 
possible to  say  whether  the  fine-grained  beds  were  analogous  to  those 
of  the  Oolitic  rocks,  and  derived  from  the  complete  decomposition  of 
organic  bodies,  or  were  an  exceptional  chemical  deposit,  specially 
rich  in  magnesia,  mixed  up  with  more  normal  strata  which  were 
afterwards  changed  in  structure,  owing  to  the  action  of  magnesia  in 
solution.  ^That  some  chemical  replacement  did  occur  admits  of  no ; 
doubt ;  but  it  might  be  going  further  than  the  evidence  warrants  to 
conclude  that  the  whole  rock  was  entirely  altered  by  true  replace- 
ment, without  any  direct  chemical  precipitation  of  magnesia.  I  must 
say  that,  taking  into  consideration  the  microscopical  structure  of  the 
rock  and  its  other  anomalous  characters,  some  such  combined  organic 
and  chemical  origin  appears  more  probable  than  either  alone,  though 
it  may  be  difficult  to  decide  to  what  extent  each  was  instrumental 
*  Vol.  iU.  1856,  p.  467. 
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in  producing  the  main  mass  of  the  deposit,  on  account  of  the  original 
structure  haying  been  so  commonly  lost. 

^*  Limestones  of  the  Coal-measures. 

The  Burdiehouse  limestone  is  mainly  composed  of  fine-grained 
particles,  the  exact  origin  of  which  cannot  be  proved ;  but  scattered 
through  it  are  many  Entomostraca  with  weU-preeerred  structure. 
The  limestone  of  Ardwick  near  Manchester  is  very  similar,  but  in 
addition  contains  many  entire  or  broken  shells  of  Mieroconckus  with 
a  well-preserved  laminar  structure,  clearly  showing  that  it  is  an 
Annelid. 

Somewhat  to  my  surprise  I  found  that  in  a  hard  calcareous  shak 
belonging  to  the  Millstone-grit  series  near  Sheffield  there  are  many 
entire  or  broken  minute  shells,  not  showing  any  definite  characten, 
and  many  small  radiate  groups  of  crystals,  similar  to  those  often 
found  in  modem  marine  mud. 

Carboniferous  Limestone. 

The  greater  part  of  my  sections  of  the  Carboniferous  limestone 
are  fh>m  Derbyshire  and  from  the  neighbourhood  of  Bristol,  but  a 
number  are  from  Scotland,  Yorkshire,  Stafibrdshire,  and  North  and 
South  Wales.  Though  there  ia  a  considerable  variation  in  different 
specimens,  yet,  on  the  whole,  there  can  be  no  doubt  that  by  far  the 
greater  part  of  the  identifiable  fragments  are  joints  of  Encrinites, 
often  entire,  but  sometimes  broken.  Next  in  amount  are  fragments 
of  Brachiopoda,  and  then  entire  or  broken  Foraminifrati,  which  not 
unfrequently  are  as  important  a  constituent  as  they  are  in  most 
specimens  of  chalk.  The  bulk  of  the  recognizable  fragments  of  Corals 
and  Polyzoa  is  on  the  whole  somewhat  less,  but  occasicmally  veiy 
great.  Shell-prisms  are  also  sometimes  present  in  considerabk 
quantity.  AU  the  fragments  of  what  were  probably  aragonite 
organisms  are  now  quite  crystalline,  and  show  no  structure.  On  the 
whole  their  relative  amount  is  small,  which  may  safely  be  ascribed 
to  the  more  complete  decomposition  into  the  fine-grained  material  of 
which  many  of  the  associated  beds  are  composed.  When,  as  is  com- 
monly the  case,  the  whole  rock  has  become  crystalline,  it  is  difficult 
to  distinguish  between  specimens  which  were  originally  shell-sand 
and  those  which  were  shell-mud,  unless  a  portion  be  rubbed  to  a 
smooth  surface  on  a  stone  or  file  and  examined  wet.  By  adopting 
this  method  in  the  field  I  had  no  difficulty  in  proving  that  the  coarse 
and  finer  deposits  occur  in  beds  analogous  to  those  of  sand  and  clay. 

Occasionally  coprolites,  entire  or  broken  toeth,  and  fragments  of 
bone  are  important  constituents. 

In  some  of  the  oolitic  beds  near  Bristol  the  grains  have  been 
broken  before  deposition,  and  sometimes  subsequently  much  im- 
pressed into  one  another.  In  one  case  they  have  been  thoroughly 
rocrystallizcd,  though  originally  of  the  radiate  calcite  type,  whidi  is 
probably  the  effect  of  a  closely  adjoining  coprolite. 

Grains  of  quartz-sand  and  of  previously  consolidated  limestone 
occasionally  occur ;  and  in  at  least  one  instance  I  met  with  a  frag- 
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ment  which  had  not  the  usual  characters  of  Carboniferous  Limestone 
and  may  therefore  have  been  derived  from  some  older  rock. 

In  Derbyshire  and  elsewhere  some  of  the  beds  are  almost  pure 
dolomite.  As  far  as  can  be  judged  from  their  structure,  they  may 
have  been  normal  limestone  completely  changed  after  deposition,  and 
certainly  do  enclose  dolomitized  shells,  Corals,  and  Encrinites.  The 
extent  to  which  their  organic  structure  has  been  obliterated  is  very 
remarkable.  By  selecting  a  very  favourable  specimen,  in  which  the 
alteration  is  incomplete,  a  slight  difference  in  transparency  makes  it 
easy  to  see,  with  a  low  magnifying-power,  that  it  was  originally  com- 
posed of  large  organic  fragments  of  the  usual  type ;  but  when  more 
highly  magnified  they  are  less  visible,  because  their  exterior  is  so 
altered  that  their  outline  is  indistinct  and  indefinite.  It  may,  however, 
be  proved  to  complete  satisfaction  that  organic  firagments  have  been 
actually  changed  into  dolomite.  At  the  same  time  it  is  possible,  and 
even  probable,  that  a  considerable  part  of  the  deposit  originally  con- 
tained a  large  amount  of  meignesia,  since  the  dolomitic  beds  have  a  con- 
siderable horizontal  extension,  and  are  interstratified  with  rock  of 
the  usual  type. 

The  Culm  limestone  of  Devonshire  was  apparently  a  more 
or  less  impure  fine-grained  mud,  which  was  afterwards  crystallized 
variously,  and  includes  a  few  definite  fragments,  probably  of  Posir- 
donomya,  which  have  a  remarkable  spurious  structure,  due  to  the 
cleavage  of  the  crystals  of  calcite  into  which  they  have  been  changed. 

Devonian  Limestones, 

I  have  prepared  a  considerable  number  of  sections  of  the  limestones 
from  near  Hfracombe,  Torquay,  and  Plymouth.     On  the  whole  the 
chief  constituents  are  more  or  less  entire  joints  of  Encrinites  and 
fragments  of  coral,  sometimes  the  one  and  sometimes  the  other  pre- 
doioinating.     t'ragments  of  Brachiopoda  and  other  shells  are  rare, 
except  in  a  few  special  localities.    In  marked  contrast  to  the  Carboni- 
ferous Limestone,  Foraminifera  may  be  said  to  be  absent  or,  at  all 
events,  so  rare  that  I  have  never  met  with  any.     Occasionally  grains 
of  broken-up  contemporaneous  limestone  occur ;  but  I  have  never 
aeen  any  true  oolitic  structure.    As  in  the  case  of  so  many  other  lime- 
Btonee,  some  beds  are  composed  of  more  or  less  distinctly  recognizable 
frci^ments,  and  others  of  fine-grained  material,  probably  mamly  due 
to  completely  disintegrated  aragonite  organisms.    In  offering  this  ex- 
planation, I  assume  that  shells  and  corals  of  that  type  did  live  in  some 
abandance,  and  that  the  absence  of  all  but  a  few  fragments,  except 
in  x>articular  specimens,  was  due  to  slow  deposition  and  complete  decay 
in  tranquil  water. 

There  is  a  very  great  variation  in  the  mechanical  condition  of  the 
rock.  In  some  places,  as  at  Hope's  Nose  near  Torquay,  the  original 
structure  is  remarkably  perfect,  whereas  at  Babbicombe  it  has  some- 
tLmea  been  completely  obliterated  by  crystallization.  At  Kingskers- 
'weVL  most  curious  and  instructive  changes  have  been  caused  by  the 
pressure  which  gave  rise  to  the  slaty  cleavage,  as  described  long  ago 
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in  my  paper  on  the  Devonian  limestones*.  In  order  to  show  to  what 
an  extent  the  organic  strncture  of  the  joints  of  Encrinit^  has  been 
twanged  from  the  normal,  fig.  8,  I  subjoin  an  illostration  of  the 
compressed  structure,  fig.  9. 

The  most  striking  and  remarkable  effects  of  pressure  Hiat  I  have 
seen  are  in  the  case  of  a  thin  limestone  band  at  Ilfraeombe,  composed 
of  joints  of  Encrinit«s.  As  shown  by  fig.  10,  it  has  been  bent  up 
into  a  number  of  contortions,  though  the  upper  and  lower  beds  mb 
not  contorted,  no  doubt  because  they  yielded  to  the  prrasure  as 


Fig.  8. 


Fig.  9. 


Fig.  10. 


plastic  substances,  whereas  the  calcareous  band  did  not  so  yield. 
Though  no  doubt  the  band  was  originally  of  nearly  uniform  thickness, 
yet,  as  will  be  seen,  the  carbonate  of  lime  has  been  entirely  remoTed 
where  it  would  be  nipped  between  two  other  portions  of  hard  lime- 
stone, and  thus  exposed  to  the  fuU  effects  of  pressure,  whilst  it  re- 
mains where  it  would  be  relatively  protected  from  pressure,  at  the 
curved  ends  of  the  contortions.  The  lines  repr^ent  stratification 
and  cleavage,  as  the  case  may  be. 

It  would,  I  think,  be  difficult  to  find  a  better  illustration  of  the 
influence  of  mechanical  pressure  on  solvent  chemical  action,  or  one 
more  fully  bearing  out  the  principles  advocated  in  some  of  my  pub- 
lished paperst,  showing,  as  it  does  so  clearly,  that  solution  has  taken 

•  PhiL  Ma§.  1856.  xi.  p.  20.  *  ^ 

t  Neuea  Jahrbuch  fiir  Mineralogie,  1803,  p.  801 ;  West  Yorks.  GeoL  Soo. 
Proceed.  1865,  it.  p.  458. 
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place  where  there  was  great  pressnre  and  stress,  and  deposition 
where  they  were  relatively  less.  This  conclusion  is  fully  confirmed 
hy  the  microscopical  structure  of  the  limestone  band.  As  shown 
by  fig.  11,  some  joints  of  Encrinites  have  been  dissolved  and  their 
outline  altered  from  the  original  (shown  by  the  dotted  lines),  and 
mutually  penetrate  when  in  the  direction  of  pressure  (shown  by  the 
arrows),  whilst  the  dissolved  material  has  crystallized  out  on  each 
side  where  more  protected.  In  many  nn cleaved  limestones  I  have 
seen  indications  of  a  similar  action,  due  to  the  pressure  of  superin- 
cumbent strata ;  and  this  would  manifestly  assist  in  producing  a 
consolidated  rock. 

Fig.  11. 


I  know  no  better  illustrations  of  the  phenomena  of  dolomitization 
than  those  met  with  in  various  Devonian  limestones,  since  there  is 
every  connecting  link  between  very  slight  and  total  alteration. 
When  only  partially  dolomitized,  detached  crystals  of  the  character- 
istic rhombic  form  have  been  developed  in  the  rock.  This  seems  to 
be  proved  by  the  fact  that  they  often  extend  half  outside  and  half 
inside  Encrinite-joints.  In  some  instances  they  are  massed  together 
into  irregular  bands,  with  unaltered  limestone  between  them, 
whilst  occasionally  the  whole  rock  has  been  altered  in  such  a  manner 
as  to  make  it  appear  as  though  at  all  events  a  large  part  of  the 
magnesia  had  been,  at  least  locally,  introduced  from  without,  and 
not  simply  deposited  in  its  present  condition  along  with  fragments 
and' mud  derived  from  calcareous  organisms.  In  some  cases  similar 
changes  have  been  produced  by  the  introduction  of  carbonate  of 
iron. 

Silwian  Limestones, 

The  Coniston  Limestone  is  mainly  composed  of  a  fine-grained 
basis,  in  which  are  scattered  a  few  bits  of  Encrinites  and  Corals  and 
some  small  sheUs  of  doubtful  nature. 
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A  cakareons  band  in  tbe  Upper  Ludlow  rock  of  Lodlow  oontihia 
mnch  Brachiopod  shell,  a  few  joints  of  EDcrinites,  a  little  bone,  and 
some  portions  of  what  were  probably  aragonite  shells.  A  similar 
band  from  Wenlook  is  to  a  great  extent  made  np  of  Brachiopoda, 
Corals,  Polyzoa,  Encrinites,  Thlobites,  and  Entomostraea,  with  few 
or  no  fragments  of  organisms  not  originally  calcite.  It  thns  cloeelj 
agrees  with  typical  Silurian  limestones. 

The  general  basis  of  the  Aymestry  Limestone  of  Caer  Caradoc  mainly 
consists  of  Encrinites,  Brachiopods,  Polyzoa,  and  Corals,  with  aonie 
portions  of  Trilobites  and  Entomostraea.  This  is  also  the  general  dia- 
racter  of  the  rocks  in  the  neighbonrhoodsof  Sedgely  and  Aymestry,  the 
only  important  variation  being  in  the  greater  amount  of  Encrinite* 
joints,  and  the  occasional  presence  of  a  few  fragments  of  aragonite 
shells,  previously  consolidated  limestone,  and  grains  of  quartz. 

The  calcareous  bands  of  the  Lower  Ludlow  rock  near  Malvon 
contain  much  shell  of  Brachiopoda  and  Trilobites,  with  a  smaller 
or  larger  amount  of  Encrinites,  Polyzoa,  and  Corals,  and  a  variable 
quantity  of  the  shells  of  Entomostraea. 

My  specimens  of  Wenlock  Limestone  are  chiefly  from  the  districts 
of  Dudley,  Wenlock,  and  Malvern.  There  can  be  no  doubt  that  the 
chief  constituent  fragments  were  derived  from  Encrinites,  Corals, 
Polyzoa,  Brachiopoda,  and  Trilobites,  more  or  less  comminuted 
Encrinites  being  on  the  whole  most  abundant. 

Entomostraea  are  common,  especially  in  the  somewhat  finer- 
grained  deposits.  Becrystallized  fragments  of  aragonite  shellsor  conJa 
are  met  with  only  in  a  very  few  specimens.  Though  I  have  care- 
fully searched  for  them,  I  have  never  seen  a  single  decided  Forami- 
nifer.  Oolitic  grains  occasionally  occur,  as,  for  example,  near  Mal- 
vern ;  and  they  often  show  a  somewhat  unusual  breaking  up  in  situ 
since  deposition. 

The  Woodhope  and  other  Silurian  lim^tones  from  Wales  and 
Ireland  closely  correspond  to  the  above-described  general  type. 

I  have  examined  in  detail  the  more  characteristic  portion  of  tbe 
Bala  limestone,  and  only  superficially  the  oolitic  and  other  local 
varieties.  The  typical  limestone  contains  little  else  than  entire  joints 
of  an  Encrinite  with  very  coarse  structure.  The  surrounding  fine- 
grained deposit  is  to  a  great  extent  composed  of  the  micaceous  or 
chloritic  mineral  met  with  in  the  associated  slates,  probably  due  to 
the  alteration  of  the  kaolin  found  in  more  recent  impure  limeetoneB. 

Metamorphtc  Limestones, 

It  is  by  no  means  easy  to  give  such  a  definition  of  metamorj^e 
limestones  as  would  agree  equally  well  with  their  microseopicd 
structure  and  the  requirements  of  practical  field-geology.  In  some 
most  typical  examples,  the  chief  alteration  has  been  a  oomplets 
recrystaUization  in  situ  of  the  whole  of  the  carbonate  of  lime. 

We  must  not,  however,  accept  this  aa  a  criterion  of  metamorphismy 
since  we  should  then  include  amongst  metamorphic  limestones  even 
acme  parts  of  the  recent  deposits  of  Bahama  and  Bermuda.  A 
much  more  satisfactory  definition  would  be  to  call  a  limestone  meta- 
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morphio  when  all  the  original  fragments  of  caldte  aheUa  hare 
been  so  recrystallized  with  the  sarroundiDg  material  that  their  ont- 
line  has  been  obliterated.  Howerer,  probably  many  field-geologists 
would  hesitate  to  call  such  a  rock  metamorphio,  even  if  we  exclude 
those  cases  in  which  a  complete  recrystallization  has  been  brought 
about  by  the  replacement  of  a  part  or  the  whole  of  the  lime  by 
magnesia  or  ferrous  oxide. 

On  the  whole,  perhaps,  the  conclusions  and  requirements  of  field- 
geology  would  be  best  satisfied  by  regarding  as  truly  metamorphio 
those  limestones  in  which  the  sand,  clay,  and  similar  impurities^ 
if  present,  have  been  recrystallized  in  iitu  into  mica,  garnets,  and 
other  silicates.  This  definition  is  certainly  rery  satisfactory  in  the 
case  of  the  Highland  limestones.  In  them  we  see  no  trace  what- 
ever of  any  original  structure  except  stratification  or  cleavage,  so 
that  it  is  impossible  to  say  whether  the  deposit  was  of  organic 
Origin  or  not.  The  carbonate  of  Hme  has  cr^'stallized  in  sitUy  the 
crystals  being  locked  together  and  dove-tailed  in  the  most  thorough 
and  complete  manner.  Twin  plates  abound  in  them,  often  giving 
rise  to  colours  by  interference.  When  the  metamorphism  is  incom- 
plete, the  impurities  have  been  thrown  off  into  irregular  patches ; 
Imt  when  more  complete,  complex  crystals  of  mica  and  quartz  have 
been  formed  in  situ.  In  extreme  cases,  near  erupted  granite  or 
elsewhere,  garnets,  idocrase,  and  other  minerals  have  been  formed. 

General  Oanclusions. 

Having  thus  given  a  running  description  of  our  principal  lime- 
stones, it  will,  I  think,  show  their  relations  far  better  to  collect  the 
results  in  a  tabular  form*  For  the  sake  of  simplicity,  I  give  only 
the  principal  and  most  characteristic  constituents,  grouped  together 
necessarily  in  a  somewhat  rough  manner,  commencing  in  each  case 
with  that  which  occurs  in  the  largest  bulk,  and  giviog  the  others 
in  decreasing  order  from  left  to  right.  I  am  particularly  anxious 
that  it  should  be  fully  understood  that  I  do  not  refer  to  the  visible 
fossils,  but  to  the  microscopical  fragmentary  constituents  of  the 
rock  itself.  The  relative  amoxmt  of  these  identifiable  fragments  is 
only  a  very  rough  criterion  of  the  nature  of  the  organisms  which 
probably  yielded  the  entire  mass  of  the  rock.  Even  if  it  were  pos- 
sible to  study  in  a  detached  state  the  fine  granular  particles  which 
constitute  so  large  a  part  of  many  limestone  formations,  it  would 
tisnally  be  impossible  to  say  whether  they  had  been  derived  from 
Organisms  which  can  decay  down  into  granules,  or  from  other 
organisms  which  can  only  be  worn  down  into  granules,  or  from 
g^und-down  older  limestone,  or,  in  some  oasesy  from  carbonate  of 
Hme  deposited  chemically  as  granules.  Even  if  we  confine  our 
attention  to  the  well-marked  fragments,  the  relative  amount  of  the 
different  kinds  must  depend  as  much  on  their  special  characters  as 
on  their  relative  amount  when  living.  The  extreme  abundance  of 
portions  of  Echinodermata  in  so  many  limestones  is,  I  think,  to  a 
groat  extsnt  due  to  the  fact  that  their  mineral  c<»stitation  would 
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prerent  their  decaying  down  into  mnd,  whilst  their  hnoyancy  would 
usually  prevent  their  being  much  worn  down  mechanically.  The 
mineral  constitution  of  Brachiopoda,  Ostrea^  and  shell-prisms  wouki 
also  preyent  decomposition  into  granules ;  whilst  all  other  caldte 
organisms,  like  Crustacea,  Polyzoa,  and  Foraminifera,  would  redst 
decomposition  more  than  aragonite  shells  and  corals.  Eyidently, 
therefore,  though  we  may  fairly  compare  together  the  ooarse- 
grained  beds  of  different  periods,  we  must  be  very  cautious  in  form- 
ing any  conclusion  respecting  the  entire  mass  of  the  rocks,  which 
are  often  to  such  a  great  extent  composed  of  fine-grained  materiaL 
The  shape  and  character  of  the  identifiable  fragments  do,  indeed, 
prove  that  much  of  this  must  have  been  derived  from  the  decayed 
and  worn-down  calcareous  organisms;  and  very  often  we  may 
reasonably  infer  that  the  greater  jMut,  if  not  the  whole,  was  ao  de- 
rived ;  but,  at  the  same  time,  it  is  impossible  to  prove,  from  the 
structure  of  the  rock,  whether  some  or  how  much  was  derived 
from  limestones  if  earlier  date,  or  was  deposited  chemically,  aa  some 
certainly  must  have  been. 

It  should  of  course  be  borne  in  mind  that  the  relative  amount  of 
the  various  constituents  varies  much  in  different  specimens ;  and 
therefore,  though  what  I  give  in  the  following  tables  is  the  best 
expression  of  the  constitution  of  my  own  specimens,  it  might  not 
be  that  of  another  set  from  other  localities. 

On  examining  the  appended  Tables,  it  wiU  be  seen  how  remark- 
ably and  characteristically  our  various  limestones  differ  from  one 
another.     As  far  as  I  can  judge  from  the  specimens  examined, 
there  would  usually  be  little  difficulty  in  deciding  the  general  age  of 
any  characteristic,  somewhat  coarse-grained  specimen — at  all  events 
in  the  districts  named  in  this  Address.     Though  this  difference 
must  to  a  great  extent  have  depended  on  the  nature  of  the  orga- 
nisms living  at  each  period,  yet  it  must  also  have  depended  on  the 
accompanying  mechanical  and  chemical  conditions  of  the  water  in 
which  the  deposits  were  formed.     The  structure  of  each  rock  was 
therefore  dependent  on  two  most  important  circumstances  ;  and  we 
need  not  be  surprised  to  find  the  results  so  varied  and  characteristic. 
Passing  upwards  from  the  earlier  rocks,  we  may  often  trace  a 
gradual  change,  broken  here  and  there  by  complete  contrasts.   This 
result  is  in  perfect  agreement  with  the  conclusions  already  arrived 
at  by  geologists  from  a  totally  different  class  of  facts.     Thus,  com- 
mencing with  the  various  Silurian  limestones,  we  see  that  their 
most  characteristic  feature  is  the  presence  of  so  many  fragments  of 
Trilobites  that  they  are  really  an  important  constituent ;  whilst 
Foraminifera  are  practically  absent.   The  absence  of  both  Trilobites 
and  Foraminifera  is  a  special  feature  in  the  Devonian  limestones, 
whilst  the  presence  of  so  many  Foraminifera  is  highly  characteristae 
of  the  Carboniferous  limestone.     Though  thus  (Offering  materially 
in  detail,  all  these  Paleeozoic  rocks  are,  however,  characterized  by 
the  great  amount  of  fragments  of  Encrinites  and  Corals,  and  the 
small  amount  of  those  of  aragonite  organisms.    Passing  to  the 
Coal-measure  limestones,  we  see  a  complete  break  of  continuity; 
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and  there  is  an  equally  great  break  both  below  and  above  the  Mag- 
nesian  Limestone,  manifestly  depending  on  the  presence  of  so  much 
magnesia.  The  Jurassic  limestones  have  so  much  in  common  that 
it  would  often  be  impossible  to  distinguish  them  by  the  nature  of 
the  organic  constituents.  On  the  whole,  their  most  characteristio 
feature  is  the  abundance  of  fragments  of  aragonite  Mollnsca  and 
Corals,  whilst  in  the  central  parts  the  chemically  deposited  oolitic 
grains  are  an  equally  characteristic  constituent.  The  change  to  the 
Wealden  is  well  marked  by  the  almost  exclusive  presence  of  frag- 
ments of  aragonite  freshwater  MoUusca.  As  far  as  the  constituent 
fragments  are  concerned,  the  Kentish  Rag,  though  of  Cretaceous 
age,  is  much  more  similar  to  the  Jurassic  rocks  then  to  Chalk,  pro- 
bably because  the  mechanical  conditions  were  more  alike  in  the 
former  case  than  in  the  latter.  Chalk  differs  characteristically  from 
our  other  calcareous  deposits  in  containing  so  many  shell-prisms  ' 
and  Foraminifera,  but  so  few  other  fragments.  Tl^re  is  a  complete  ' 
break  of  continuity  between  it  and  our  Tertiary  rocks;  but  the 
absence  of  well-marked  British  marine  Tertiary  limestones  makes  it 
impossible  to  follow  out  those  comparisons  down  to  the  present 
epoch.  These  appear  to  me  to  be  the  chief  conclusions  that  we  can 
now  draw  from  the  subject  before  us.  Possibly  further  research 
may  teach  us  much  more,  since  I  am  quite  sure  that  much  remains 
to  be  learned.  In  fact,  long  as  this  Address  has  been,  I  know  quite 
enough  of  the  facts  to  be  convinced  that  it  is  only  a  sort  of  first 
attempt  and  rough  sketch  of  a  very  wide  and  complex  subject. 
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February  26, 1879. 

Henbt  Cliftov  Sobbt,  Esq.,  F.B.S.,  President,  in  the  Chur. 

Geoi^  Bond,  Esq.,  Peckham  Birkbeck  School,  S.E. ;  Francis 
Gaskell,  Esq.,  B.A.,  Burlington  House,  Spring  Grove,  Islewoith, 
S.W. ;  and  George  Henry  HoUingworth,  Esq.,  Hollinwood,  Oldham, 
were  elected  Fellows  of  the  Society. 

The  last  of  Donations  to  the  Library  was  read. 

A  block  of  coal  from  the  New  Douglas  Mine,  Nanaimo,  Yancouyer 
Island,  was  presented^to  the  Museum  by  the  Vancouver  Coal-Mining 
and  Land  Company. 

The  following  communications  were  read  : — 

1.  A  copy  of  the  following  Letter  from  the  late  Acting-Governor 
of  the  Falkland  Islands,  relating  to  the  overflow  of  a  peat-bog  near 
Port  Stanley,  in  East  Falkland.  Communicated  by  H.M.  Secretary 
of  State  for  ttie  Colonies  : — 

*^  Acting- Ghvernor  Bailey  to  Chvemar  CdUagkan. 

[Copy.] 

*'  Stanley,  Falkland  IsUnds, 
1st  Januarj,  1879. 

"  Sir, — I  regret  to  have  to  report  to  you  the  circumstances  at- 
tending an  accident  which  happened  early  on  the  morning  of  the 
30th  of  November  last. 

"  Just  after  midnight  on  Friday  the  29th  of  November  one  of 
the  inhabitants  was  awakened  by  the  continued  barking  of  his  dog, 
and,  thinking  that  a  cow  had  strayed  into  his  garden,  he  went  out- 
side, when,  to  his  alarm,  he  found  that  his  house  was  surrounded 
by  a  black  moving  mass  of  peat,  several  feet  in  height,  and  travelling 
down  the  hill  at  about  four  to  five  miles  an  hour.  It  was  not  tUl 
daylight  that  the  extent  of  the  disaster  was  manifested. 

^  The  sufferers  by  the  calamity  were  quite  shut  off  from  commu- 
nication with  the  rest  of  the  settlement  until  they  had  cut  a  way 
for  themselves  through  the  heap  of  liquid  peat  which  everywhere 
surrounded  their  dwellings.     Fortunately  no  lives  were  lost. 

"Immediately  when  the  report  reached  me  I  proceeded  to  the 
scene  of  the  disaster,  and  found  the  town  in  a  worse  state  than  it 
had  been  represented,  all  communication  between  the  east  and 
west  end  of  Stanley  being  entirely  cut  off  except  by  boats.  At 
this  time  there  was  no  perceptible  movement  in  the  mass  of  peat, 
which  covered  the  ground  in  confused  heaps,  except  in  Philomel 
Street,  and  the  drain  on  the  east  side,  where  I  perceived  the  b'quid 
peat  moving  down  at  a  very  slow  rate.  To  get  rid  of  this  as  quickly 
as  possible,  I  found  it  advisable  to  turn  all  the  water  that  could  be 
dammed  up,  and  sluice  the  peat  whilst  in  a  liquid  state ;  and  by  this 
means  I  eventually  cleared  Philomel  Street. 
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''  On  following  np  the  course  wbicli  the  slip  had  taken,  the  hill 
presented  a  cnrious  appearance.  From  the  peat-hank  down  to  the 
hrow  of  the  hill,  a  distance  of  ahont  250  yards,  the  surface  peat 
lay  in  confused  heaps,  direct  from  the  opening  of  the  bog.  The 
moving  power  (whether  water  or  liquid  peat  it  is  impossible  to  say) 
trayelled  over  the  ground  faster  than  the  heavier  bodies,  which  were 
left  standing  three  to  four  feet  above  the  level  of  the  ground. 

*'  Proceeding  to  the  top  of  the  bog,  I  found  a  depression  extend- 
ing over  nine  to  ten  acres  of  ground,  the  edges  cracking  and  filling 
up  with  water,  and  threatening  another  accident.  I  at  once  saw 
the  necessity  of  calling  upon  the  inhabitants  to  assist  me  in  cutting 
a  trench  on  the  back  of  the  hill  so  as  to  drain  off  this  accumulation 
of  water,  which  seemed  likely  to  float  the  loose  peat  left  in  the  de- 
pression down  into  the  settlement.  I  am  glad  to  say  that  this  call 
was  heartily  responded  to  by  every  man  in  the  settlement,  the 
gentlemen  finding  substitutes  to  take  their  places. 

''  All  worked  for  eight  days  in  the  cold  and  rain,  but  nevertheless 
they  were  unsuccessful  in  carrying  the  trench  through  the  bank 
into  the  bottom  of  the  slip,  owing  to  the  soft  peat  welling  up  from 
the  bottom  and  filling  the  trench  again.  Seeing  that  the  exertions 
were  of  little  avail,  and  in  the  present  state  of  the  bog,  I  did  not 
press  the  settlers  to  continue  the  work  that  was  so  disheartening  in 
its  results  ;  and  as  I  now  felt  satisfied,  from  the  great  quantity  of 
water  that  had  been  drained  off  and  the  cuttings  being  at  a  level, 
that  this  would  prevent  any  further  accumulation  of  water  taking 
place  in  the  slip,  and  as  there  was  no  immediate  danger  of  another 
accident  taking  place,  the  work  was  stopped,  and  I  published  the 
enclosed  notice. 

"With  your  Excellency's  permission  I  will,  in  the  course  of  a 
few  weeks,  prepare  sections  of  the  bog  and  the  settlement,  showing 
a  plan  of  drainage  which  will,  I  hope,  prevent  a  similar  accident 
hapj>ening  again. 

**  I  have  &c., 
(Signed)  "  Abtejjb,  Baelei." 

"  Mia  ExedUney 

Governor  CaUaghan,  C.M.Gr 

2.  ^*  Note  on  Pothilopleuron  Bticklandi  of  Eudes  Deslongchampe 
(p^re),  identifying  it  with  Megalosaurus  BucklandV  By  J.  W. 
Hnlke,  Esq.,  F.K.8.,  F.G.8. 

3.  '*  Note  on  a  Femur  and  a  Humerus  of  a  small  Mammal  from 
the  Stonesfield  Slate."  By  H.  G.  Seeley,  Esq.,  F.L.S.,  F.G.S.,  Pro- 
feasor  of  Geography  in  King's  College,  London. 

4.  ''A  Review  of  the  British  CarboDiferous  Fenestellidse."  By 
G.  W-  Shmbsole,  Esq.,  F.G.S, 

The  following  specimens  were  exhibited : — 

A  skull  of  Ursua  apelaeus^  portions  of  antlers  of  Cervus  tarandus^ 
and  flint  implements  from  Ferzmanovics,  in  Eussian  Poland,  and 
▼or..  XXXV.  h 
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plant-remainB  from  the  Old  Bed  Sandstone  near  Caerleon,  exhibited 
bj  J.  £.  Lee,  Esq.,  E.G.8. 

Specimens,  in  illustration  of  their  papers,  exhibited  by  J.  W. 
Hulke,  Esq.,  and  Prof.  Seeley. 


March  12, 1879. 

HxiTBT  Olotov  Sobbt,  Esq.,  F.RJ3.,  President,  in  the  Chair. 

Lazarus  Fletcher,  Esq.,  B.A.,  British  Mnsenm,  W.C. ;  Arthur 
Bamnel  Hamand,  Esq.,  M.Inst  C.E.,  7  Storey's  Gate,  S.W.,  and 
New  Street,  Birmingham ;  William  J.  Pope,  Esq.,  BrookhiU  Park, 
Plomstead ;  and  George  W.  Slatter,  Esq.,  E.C.S.,  37  Arundel  Street, 
Prince's  Boad,  Liverpool,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  ^'  On  Perlitio  and  Spherulitio  Structures  in  the  Laras  of  the 
Glyder  Fawr,  North  Wales."    By  Frank  Rutley,  Esq.,  F.GJB. 

2.  ''The  Gold-leads  of  Nova  Scotia."  By  Henry  S.  Poole,  Esq., 
M.A.,  F.G.S.,  Government  Inspector  of  Mines. 

3.  ^^  On  Conodonts  from  the  Chazy  and  Cincinnati  groups  of  the 
Cambro-Silurian,  and  from  the  Kanulton  and  Genesee-Shale  divi- 
sions of  the  Devonian,  in  Canada  and  the  United  States.^  By 
G.  Jennings  Hinde,  Esq.,  F.G.S. 

4.  *'  On  AnneHd  Jaws  from  the  Cambro-Silurian,  SQunan,  and 
Devonian  Formations  in  Canada,  and  from  the  Lower  Carboniferoos 
in  Scotland."     By  G.  Jennings  Hinde,  Esq.,  F.G.S. 

The  following  si)ecimens  were  exhibited  : — 

Specimens  of  Conodonts  and  Annelid  Jaws,  exhibited  by  Mr. 
Hinde,  to  illustrate  his  papers ;  and  a  specimen  and  sections,  bj 
Mr.  Rutley,  to  illustrate  his  paper. 


March  26, 1879. 

Hbnbt  Clipton  Sobbt,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Williamson  Adamson  Barron,  Esq.,  Assoc.  Inst.  CJB.,  Ahhorpe 
House,  Queen's  Road,  Richmond  Hill,  Surrey  ;  Gregory  Dent,  Esq., 
Ousegate,  Selby;  Julian  John  Leverson,  Esq.,  Lieut  R.E.,  Staff 
College,  Camberley,  Surrey ;  and  Rear-Admiral  Franciseo  Sengro 
Tremlett,  R.N.,  Bellevue,  Tunbridge  Wells,  were  elected  Fellows  of 
the  Society. 
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The  list  of  Donations  to  the  Library  was  read. 
The  following  communications  were  read  : — 

1.  "  Besolts  of  a  Sjrstematio  Survey  (in  1878)  of  the  Directions 
and  Limits  of  Dispersion,  Mode  of  Occurrence,  and  Relation  to 
Drift-deposits  of  the  Erratic  Blocks  or  Boulders  of  the  West  of 
England  and  East  of  Wales,  including  a  Revision  of  many  Tears' 
previous  Observations."    By  D.  Mackintosh,  Esq.,  F.G.8. 

2.  "  On  the  Glaciation  of  the  Shetland  Isles."  By  B.  N.  Peach, 
Esq.,  F.G.S.,  and  John  Home,  Esq.,  F.G.S. 

3.  '^  On  the  Southerly  Extension  of  the  Hessle  Boulder-day  in 
Lincolnshire."     By  A.  J.  Jukes-Browne,  Esq.,  B.A.,  F.G.S. 

Rock-specimens  were  exhibited  by  Mr.  Mackintosh,  and  Rocks 
and  Fossil  Plants  by  Messrs.  Peach  and  Home,  in  illustration  of 
their  papers. 

April  9, 1879. 

Henbt  Clipton  Sobbt,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Rev.  Joseph  Finnemore,  Truro  Vean  Terrace,  Truro;  Thomas 
James  Slatter,  Esq.,  Evesham,  Worcestershire ;  William  H.  Twelve- 
trees,  Esq.,  Voskresensky  Zavod,  near  Melen,  vid  Orenburg,  Russia ; 
Arthur  Pendarves  Vivian,  Esq.,  M.P.,  Glendorgal,  8.  Columb  Minor, 
Cornwall ;  and  Ernest  Westlake,  Esq.,  Fordingbridge,  Hampshire, 
were  elected  Fellows;  Prof.  Bemhcurd  von  Cotta,  Freiberg;  Dr. 
Nikolai  von  Kokscharow,  St.  Petersburg ;  and  Dr.  J.  J.  S.  Steenstrap, 
Copenhagen,  were  elected  Foreign  Members ;  and  Prof.  P.  J.  van 
Beneden,  Louvain;  Prof.  Guglielmo  Guiscardi,  Naples;  and  Prof. 
Gerhard  vom  Rath,  Bonn,  Foreign  Correspondents  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  "  On  the  Geological  Age  of  the  Rocks  of  the  Southern  High- 
lands of  Ireland,  generally  known  as  <  the  Dingle  Beds '  and  '  Glen- 
gariff  Grits.' "    By  Prof.  E.  Hull,  M.A.,  F.R.S.,  F.G.S. 

2.  '<0n  some  Three- toed  Footprints  from  the  Triassic  Conglo- 
merate of  South  Wales.**    By  W.  J.  SoUas,  Esq.,  M.A.,  F.G.S. 

3.  "  On  the  Silurian  District  of  Rhymney  and  Pen-y-lan,  Cardiff.** 
By  W.  J.  SoUas,  Esq.,  M.A.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Casts  and  Fossils,  by  Mr.  W.  J.  SoUas ;  and  Rock-specimens,  by 
Prof.  Hull, — ^in  illustration  of  their  papers. 
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April  30,  1879. 

HsarBT  Clittom  Sobbt,  Esq.,  F.K.S.,  President,  in  the  Chair. 

Alfred  Stanley  Foord,  Esq.,  13  Caroline  Street,  Eaton  Square, 
S.W.,  was  elected  a  Fellow  of  the  Society. 

The  List  of  Donations  to  the  lihrary  was  read. 

The  following  commonications  were  read : — 

1.  "A  Contribution  to  the  History  of  Mineral  Veins."  By  John 
Arthur  Phillips,  Esq.,  F.G.S. 

2.  ^^Veetisaurus  valdmsis,  a  New  Wealden  Dinosaur."  By  J. 
W.  Hulke,  Esq.,  F.K.S.,  F.G.S. 

3.  "On  the  Cudgegong  Diamond-field,  New  South  Wales.*'  By 
Norman  Taylor,  Esq.,  of  the  late  Geological  Survey  of  Victoria ; 
communicated  by  E.  Etheridge,  Esq.,  Jun.,  F.G.S. 

4.  "On  the  Occurrence  of  the  Genus  Dithyroearu  in  the  Lower 
Carboniferous,  or  Calciferous  Sandstone,  Series  of  Scotland ;  and  od 
that  of  a  second  Species  of  Anthrapalasmon  in  these  Beds."  By  B. 
Etheridge,  Esq.,  Jun.,  F.G.S. 

Specimens  were  exhibited  by  Messrs.  J.  Arthur  Phillips,  J.  W. 
Hulke,  and  B.  Etheridge,  Jun.,  in  illustration  of  their  papers. 


May  14, 1879. 

Prof.  P.  M.  DuKCAN,  M.B.,  F.B.S.,  Vice-President,  in  the  Chair. 

The  list  of  Donations  to  the  Library  was  read. 
The  following  communications  were  read : — 

1.  "  Further  Observations  on  the  Pre-Cambrian  Bocks  of  Caer- 
narvon."   By  Prof.  T.  M'Kenny  Hughes,  M.A.,  F.G.S. 

2.  "  Notes  on  the  Structure  of  the  Palaeozoic  Districts  of  West 
Somerset."  By  A.  Champemowne,  Esq.,  F.G.S.,  and  W.  A.  E. 
Ussher,  Esq.,  F.G.S. 

3.  "  The  Whin  Sill  of  Teesdale  as  an  Assimilator  of  the  rar- 
rounding  Beds."    By  C.  T.  Clougb,  Esq.,  F.G.a 

[Abstract] 

Owing  to  the  general  absence  of  mechanical  disturbance,  the 
author  is  of  opinion  that  "  the  whin  consists  in  part  of  altered 
sedimentary  beds,  that  it  partly  represents  beds  which  were  once 
in  the  position  it  now  occupies,  that  it  did  not  make  room  for  itself 
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simply  bv  thruBtiiig  aside  these  beds,  bat  also  by  incorporating  them 
into  itsdt"  He  proceeds  to  describe  sections  at  Caldron  Snoat, 
Cronkley  Fell,  Noon  Hill,  &c.,  which  seem  to  him  inexplicable  on  any 
other  theory.  The  author  disoosses  objections  on  chemical  grounds, 
holding  that  the  general  uniformity  in  chemical  composition  of  the 
'VThin  may  be  explained  by  supposing  the  absorbed  beds  to  haye 
permeated  a  large  mass  of  the  Whin,  as  an  alloy  does  melted  metal. 
M.0  thinks  the  explanation  may  be  extended  to  other  intrusive 


The  following  objects  were  exhibited : — 

The  coloured  drawing  prepared  for  the  engrayer  of  View  No.  5, 
in  voL  i.  ser.  1,  of  the  '  Transactions '  of  the  Society  (1811),  exhi- 
Inted  by  H.  Bauerman,  Esq.,  F.G.S. 

Bock-specimens,  exhibited  by  Prof.  Hughes,  to  illustrate  his 
paper. 


May  28, 1879. 

HxKBY  CuFTOH  SoBBT,  Esq.,  F.B.S.,  President,  in  the  Chair. 

The  List  of  Donations  to  the  Library  was  read. 
The  following  communications  were  read : — 

1.  *'  On  the  Endothiodont  Beptilia,  with  Evidence  of  the  Species 
jEndoihiodon  uniseries^  Owen."  By  Prof.  B.  Owen,  C.B.,  F.B.S., 
F.G.S.,  &c. 

2.  ^*Note  (drd)  on  Eueamerotusy  Hulke,  Omithopns^  Seeley,  a 
Boihriospondylus  magnus^  Owen,  s  Cfhondrasteoaaurus  fnagnus^ 
Owen."    By  J.  W.  Hulke,  Esq.,  F.B.S.,  F.G.S. 

3.  **  Description  of  the  Species  of  the  Ostracodous  genus  Bairdia^ 
M'Coy,  from  the  Carboniferous  Strata  of  Great  Britain."  By  Prof. 
T.  Bupert  Jones,  F.B.S.,  F.G.8.,  and  James  W.  Kirkby,  Esq. 

4.  ^'  Beport  on  a  Collection  of  Fossils  from  the  Bowen-Biver  Coal- 
field and  the  Limestone  of  the  Fanning  Biver,  ITorth  Queensland.'' 
By  B.  Etheridge,  Esq.,  jun.,  F.G.S. 

[Absiraot.] 

The  collection  on  which  this  paper  was  founded  had  been 
received  from  Mr.  B.  L.  Jadk,  F.G.S.;  and  the  information  furnished 
by  it  was  supplementary  to  that  obtained  from  Daintree's  collections. 
The  fossils  were  from  three  distinct  horizons.  The  author  first  briefly 
described  the  geology  of  the  formations  from  which  the  fossils  were 
derived,  and  stated  that  the  results  of  his  investigations  led  him  to 
refer  those  from  the  Fanning-Biver  Limestone  to  the  Devonian, 
those  of  the  Bowen-Biver  Coal-field  to  the  Upper  Carboniferous  or 
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9e(rmo«Garboiiif0h>iifi,  and  those  ]&oiii  tihe  Tait  Biyer  to  the  Cre- 
iaceoiiB.  Twmity-six  speoiee  of  asdmal  remams,  chiefly  MoUnsca, 
irere  -deaoribed  in  all,  twenty  <tf  which  were  from  the  Bowen-HiTcr 
Coal-field ;  the  latter  include  a  fine  series  of  Stfophaloskt,  The  new 
species  were  Protcreiepora  Kamnekii  from  the  Permo-Oarbonifbron^ 
of  Bowen  Biver,  and  CrioceroB  Jadeii  from  l^e  Cretaoeond ;  also 
Sirophalma  Juketii  ftoVDL  the  Carboniferons  of  New  South  Wales. 
The  paper  included  a  list  of  the  localities  in  wbieh  the  specimens 
were  collected,  and  a  full  bibliography  of  Queensland  pal2Dontol<^y. 

-  Discussion. 

. :  lyr./WooDWASD  spoke  of  the  association  of.  Ghsmpitru  with  Pr^ 
ductus  and  PetiesteUa^  which  Prot  M'Coy  thou^t  could  only  oame 
from  faulting ;  but  now  haixd  specimens  had  been  found  with  all 
tln'ee  associt^ed.     The  species  was  Qhssoptertt  Browniana, 

Mr.  E.  ExHSBines,  jun.,  said  that  that  point  would  be  notioed  by 
Mr.  Carruthers  in  a  future  paper:  

Mr.  B.  Etkeridgb  said  that  the  paper  was  important^  and  Hkdy 
to  settle  many  important  questions  in  the  geology  of  Australia. 
Errors  which  had  been  unavoidably  made  by  himself  in  writing 
upon  Mr.  Daintree's  fossils,  had  been  corrected  in  the  present  paper. 

5.  '<  On  a  Fossil  BquiUa  from  the  London  day  of  Highgate,  part 
of  the  Wetherell  CoUeotion  in  the  Britjsh  Museum."  By  H. 
Woodward,  Esq.,  LLJ).,  P.R.S.,  F.G.S. 

•  6.  ^<  On  Nmi^miUU  WtUoni^  a  supposed  Stomapod  Crustacean 
from  the  Middle  Coal-measures,  Cossall,  near  Ilkeston,  Berbydiire.* 
By  H.  Woodward,  Esq.,  LL.D.,  F  JLS.,  F.G.S. 

7.  ^  On  the  Disoorenr  of  a  fossil  SgtUUa  in  the  Cretaceous  Bepo^ 
sits  of  H4kel,  in  the  Lebanon."  By  H.  Woodward,  Esq.,  LLJ)., 
F.fi.S.,  F.G.S, 

8.  '*  On  the  Occurrence  of  a  Fossil  Eing-Crab  (Ltmulus)  in  iJie 
Cretaceous  Formatidn  of  the  Lebanon."  By  H.  WoodwarcL  Esq., 
LLJ).,  FJLS.,  F.GA 

l?he  following  objects  were  exhibited : — 

Specimens  of  vertebr©  of  Eucamerotus^  exhibited  by  J.  W.  Eulke, 
Esq.,  in  illustration  of  his  pstper. 

Specimens  of  Bairdva^  exhibited  by  Prof.  T.  Bopert  Jones,  it 

illustration  of  his  paper. 

And  a  case  of  Asbestos,  exhibited  by  Prof.  Tennant,  P.G.S. 
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J«ne  11, 1879. 

Prof.  Joseph  IPbebtwich,  M.A.,  F.B.S.,  Vice-President,  in  the  Chain'^ 

Noel  W.  Eudston-Eead,  Esq.,  38  St.  George's  Eoad,  S.W.,  was^ 
elected  a  Fellow  ;  and  M.  Edotuurd  Dnpont,  of  Brussels,  Dr.  Franz 
von  Kobell,  of  Mumoh,  and  Dr.  Emile  Saayage,  of  Paris,  Forei^ 
Gorrespcmdents  of  the  Society. 

The  list  of  Donations  to  the  lihrary  was  read. 

The  names  of  certain  Fellows,  in  arrears  to  the  Society,  were 
read  ottt  by  the  Chairman  for  the  first  time,  in  accordance  with 
Beet.  VI.  Art.  8  of  the  Bye-Laws. 

The  Chairman  announced  that  the  second  Intemational  Geolo- 
gical Congress  was  appointed  to  be  held  at  Bologna  in  September 
1881,  and  that  the  President  of  the  Committee,  Prof.  Oapellini,  had 
written  requesting  cooperation  on  the  part  of  the  Geological  Society 
and  its  Fellows.  Among  the  matters  which  would  be  brought 
forward  at  this  Congress  would  be  the  unification  of  Geological 
Nomenclature  and  of  the  symbols  used  in  Geological  Mapping. 

The  following  oommunicaiions  were  read  :— 

1.  <<0n  a  Hammaliferous  Deposit  at  Barrington,  neaf  Cam«^ 
bridge."    By  the  Eev.  0.  Fisher,  M  Ju,  F.G.S. 

2.  "Further  Discoveries  in  the  Gresswell  Oayes.*'  By  PnA 
Boyd  Dawkins,  M.A.,  F.E.8.,  F.G.8.,  and  the  Eev.  J.  M.  Mello^ 
H.A.,  F.G.S.,  with  Notes  on  the  Mammalia  by  the  former. 

3.  «'  On  the  Pre-Cambrian  Eocks  of  Shropshire.''— Part  1.  By 
0.  Callaway,  Esq.,  D.Sc.  Lond«,  F.G.& 

4.  "  On  the  Occurrence  of  a  Eemarkable  and  apparently  New 
Mineral  in  tiie  Eocks  of  InvemessHBhire."  Bv  William  Jolly,  Esq., 
F  JI.S.E.,  &c.,  H.M.  Inspector  of  Schools,  and  /.  Macdonald-Cameron, 
Fel.  Inst.  Chem.,  F.C.8.,  &c. 

The  following  specimens  were  exhibited : — 

South- African  Diamonds  &c.,  by  Prof.  Tennant,  F.G.8. 

Mammalian  Eemains  from  Barrington,  to  illustrate  the  Eev. 
O.  Fisher's  paper,  exhibited  by  Prof.  T.  M'K.  Hughes. 

Eock-specimens,  exhibited  by  C.  Callaway,  Esq.,  in  illustration 
pf  his  paper. 

Specimens  of  the  new  Mineral  from  Inveipess-shire,  exhibited  by 
Messrs.  Jolly  and  Cameron  in  illustration  of  their  paper. 
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June  25, 1879. 

Prof.  P.  ILlszht  DmroAir,  M.B.,  F JLS.,  Yice-Preeident,  in  the  CSiair. 

Edward  Garliok,  Esq.,  C.E.,  33  Hinckley  Square,  Preston,  was 
elected  a  Fellow  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

A  series  of  rocks,  to  illustrate  his  paper  '^  On  the  Pre-Camhriaa 
Bocks  of  Shropshire,"  was  presented  to  the  Museum  by  C.  CaDawaj, 
Esq.,  D.Sc  Lend.,  F.G.S. 

The  names  of  the  following  Fellows  in  arrear  to  the  Society  were 
read  out  by  the  President  for  the  second  time,  in  accordance  with 
Sect  VL  Art.  8  of  the  Bye-laws :— J.  J.  Lundy,  Esq.,  J.  S.  Ld^ 
Esq.,  and  W.  Salter,  Esq. 

The  following  oommunications  were  read : — 

1.  '*  On  the  Evidence  that  certain  Species  of  I(Miyo$awnt$  were 
ViTiparous.''    By  Prof.  BL  G.  Seeley,  F.B.S.,  F.GJ3. 

[AbBtract.] 
In  this  paper  the  author  described  certain  specimens  of  Ichthyo- 
saurs  in  which  the  remains  of  one  or  more  small  individuals  have 
been  preserved  within  the  body-cavity  of  larger  ones.  One  of 
these  was  described  and  figured  in  1822  by  Jager ;  a  notice  of 
another  was  published  in  1846  by  Dr.  Chaning-Pearce,  who  sug^ 
gested  that  it  furnished  evidence  in  favour  of  the  viviparity  of  the 
Ichthyosaurs.  Other  examples  are  preserved  in  museums  in  Ger- 
many, and  one  in  Madrid  ;  and  most  of  them  have  been  examined 
by  the  author,  who  adduces  the  state  of  preservation  of  the  snuill 
individuals,  in  contrast  with  that  of  the  traces  of  fish  and  Cephalo- 
poda, the  remains  of  food,  which  are  found  in  the  stomachal  region 
of  the  larger  individuals,  in  advance  of  the  position  ocaqaed  by  the 
smaller  ones,  as  a  proof  that  we  have  not  here  to  do  with  a  case 
of  cannibalism.  The  position  of  the  smaller  skeletons,  with  i^  head 
generally  turned  towards  the  pelvic  region  of  the  larger  ones,  is 
also  regBurded  as  indicative  of  their  standing  in  the  relation  of 
parent  and  offspring.  As  some  of  the  young  specimens  possess 
limbs,  it  would  seem  that  the  supposition  that  IMhyo9awnu  passed 
through  a  sort  of  tadpole  stage  is  erroneous. 

2.  "  On  MhampTiocepJialus  Prestwtchi^  Seeley,  an  Omithosaurian 
from  the  Stonesfield  Slate  of  Kineton."  By  Prof.  H.  G.  Seeley, 
F.E.S.,  F.G.S. 

3.  ''A  Contribution  to  South- American  Geology."  By  Geoige 
Attwood,  Esq.,  F.G.S. 

4.  **0n  the  so-called  Midford  Sands."  By  James  Buokman, 
Esq.,  F.L.S.,  F.G.S. 

6.  ^*  On  the  Physical  Geography  of  the  Nortii-east  of  Eng^d  in 
Permian  and  Triassic  Times."    By  E.  Wilson,  Esq.,  F.G.S. 
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6.  ''  The  Fonnatioii  of  Book-basms."  By  J.  D.  Kendall,  £rq.« 
C^.,  F.G.8, 

[Abstraot.] 

The  author  discusses  the  mechanical  difficulties  inyolyed  in  the 
glader-exoayation  theory  of  lake-basins,  and  suggests  that  they  are 
due  to  the  action  of  falling  water  engidfed  in  &e  crerasses  of  the 
ancient  glaciers,  being  thus  of  the  nature  of '' giants'  kettles,"  though 
on  an  enlarged  scale. 

DrscirssioK. 

Mr.  Harbison  asked  if  the  cavities  down  which  the  water  fell 
would  not  moye  down  the  glacier. 

Prof.  BoHinsT  said  that  the  author  might  ayer  that  in  practice  the 
moulijis  of  a  glacier  were  nearly  stationary. 

Mr.  Eyaks  stated  that  the  difficulties  in  the  way  of  the  theory 
seemed  great,  especially  as  it  was  hard  to  conceiye  of  the  lake  exist- 
ing below  the  glacier  and  being  set  in  motion  by  the  falling  stream. 

7.  "On  the  Biorites  of  the  Warwickshire  Coal-field."  By  S. 
Allport,  Esq.,  F.G.8. 

8.  On  Lepidodiseus  Lehmri,  a  new  8peoies  of  AgelacrinitidsB,  from 
the  Carboniferous  Series  of  Northumberland.**  By  W.  Percy  81aden, 
Esq.,  P.G.S.,  F.L.S. 

9.  "On  the  Ancient  Eiyer-deposit  of  the  Amazon,"  By  C. 
Bairington  Brown,  Esq.,  A  Jt.S.M.,  F.a.8. 

10.  "  The  Glacial  Deposits  of  Cromer."  By  Clement  Reid,  Esq., 
F.G.S. 

[Abstract.] 
The  author  described  the  beds  shown  in  the  difb  between  Wey- 
boum  and  Happisburgh.    The  classification  adopted  was : — 
Sands  and  Grayels  (Middle  Glacial?). 

B^ded  sand  and  marl.       1  Contorted  Drift. 

Sedimentary  Boulder-clay.  J 

Fine  Sands. 

2nd  Till  (unstratified  Boulder-day). 

Intermediate  Beds  (laminated  marl  &c.). 

1st  Till  (unstratified  Boulder-day). 

Arctic  f^^shwater  Bed. 

The  beds  bdow  the  1st  Till  were  not  described ;  the  1st  and  2nd 
TiUs  were  considered  to  haye  been  formed  by  land-ice  coming  from 
Uie  W.  or  W.N.W. ;  while  the  Intermediate  Beds  appear  to  be 
stratified  glacier-mud  deposited  on  the  retreat  of  the  ice.  The 
Sands  are  probably  marine,  and  so  also  appear  to  be  the  Contorted 
Drift  and  Middle  Glacial.  Glacial  beds  later  than  the  Chalky 
Boulder-day  appear  to  be  represented  near  Cromer  by  yalley- 
depoeits  which  were  not  treated  of  in  this  paper. 

In  dealing  with  the  question  of  the  age  and  mode  of  formation  of 
the  contortions,  the  author  pointed  out  that  all,  with  the  doubtfal 
exception  of  a  few  of  the  smaller  ones,  afiected  not  only  the  Con*, 
torted  Drift  but  also  the  Middle  Gladal ;  while^  at  the  same  time, 
contortions  affecting  the  oyerlying  beds  were  often  much  more  oom- 
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plicated  at  the  Imum,  and  reeted  cm  an  even,  nndistorbed  amfaoe  of 
the  treghidaX  beds.  This  he  acooimted  for  by  considering  the  ooo-> 
tortions  to  be  fonned  by  an  adTaacing  ice-sheet,  whidi  poshed 
be&re  it  a  mound  of  the  older  glacial  beds,  while  the  beds  b«lcnr 
tihe  level  of  the  base  of  the  ice  were  undistarbed ;  thna  the  junction 
^f  the  contorted  and  imcontorted  beds  is  a  horizontal  fault4iiie« 
^e  ice-sheet  he  referred  to  the  period  of  the  Chalky  Boulder-day. 
The  author  drew  attention  to  the  fact  that  the  hollows  in  which  the 
Middle  Glacial  gravels  rest  are  in  every  instance  due  to  contortion 
and  not  to  erosion.  The  large  masses  of  chalk  in  Boulder-day 
^fere  oonsidered  to  have  heefn  torn  off  by  the  same  force  that  pro- 
duced the  contortions. 

11.  *'  On  a  Disturbance  of  the  Chalk  at  Trowae,  near  Norwich," 
By  Horace  B.  Woodward,  Esq.,  F.O.S. 

[AbBtmcL] 
Attention  was  drawn  to  a  section  at  Trowse,  where  the  Chalk  with 
bands  of  flint  was  uplifted  at  an  angle  of  about  37^.  Abutting 
against  the  Chalk  was  a  mass  of  the  same  rock  rearranged,  cap- 
taining broken  flints,  and  pebbles  of  flint,  quartz,  and  quartzite. 
This  rearranged  Chalk  was  traced  underneath  the  uplifted  beds; 
and  the  author  gave  reasons  for  believing  that  the  disturbance  was 
produced  by  the  agent  (land  ice)  which  formed  the  Chalky  Boulder- 
day.  ^  Allusion  was  made  to  many  cases  of  glaciated  Chalk  in 
Norfolk,  and  to  the  cervine  and  other  organic  remains  occasionally 
met  with  in  it.  Comparing  the  Trowse  section  with  that  at 
litcham,  described  by  Mr.  8.  Y.  Wood,  Jun.,  the  author  capie  t9 
the  condusion  that  this  was  a  similar  and  striking  instance  of  the 
indpient  formation  of  a  huge  Chalk  boulder,  serving  to  throw  light 
on  the  origin  of  the  large  transported  masses  seen  in  the  Crom«  difb, 

12.  *'The  Submerged  Foreat  of  Barnstaple  Bay."  By  Tbwns- 
hend  M.  Hall,  Esq.,  F.O.S. 

[Abrtrsot.] 
Traces  of  an  old  forest-bed  exist  in  many  places  beneath  the  Braun- 
ton  Burrows,  on  the  shore  of  Barnstaple  Bay.  Some  good  sections 
were  exposed  near  Westward  Ho  after  the  winter  of  1863-64  owin^ 
to  an  inroad  of  the  sea,  trees  being  found  in  the  podtion  of  growth 
They  were  mostly  oak,  and  a  few  pine  or  fir,  wiUi  an  und^^^rowth 
of  hazd,  with  probably  Betula  naria,  and  wi^  moss  and  leaves  d  an 
Iris.  The  author  gave  details  of  the  sections  of  kitchen-midden 
deposits  with  flint-flakes  and  cores,  pointed  stakes,  split  bones,  &e« 
Bones  of  the  red  deer,  roebuck,  goat,  hog,  wdf,  and  Bag  hngifrom 
have  been  found  associated  with  the  peat. 

13.  <*0n  a  Section  of  Boulder-day  and  Gravels  at  BallygaDey 
JB^ead,  and  an  Inquiry  as  to  the  proper  Classifieation  of  the  Iiiah 
Drift.*'    By  T.  MeUard  Beade,  Esq.,  CJE.,  F.G.8. 

'    14.  "  On  the  Augitic  Bocks  of  the  Canary  Islands.**    By  Prof. 
}SalVador  Calderon.    Communicated  by  the  President. 

16.  "  On  the  Cambrian  (Sedgw.)  and  Silurian  beds  of  the  Bef 

valley,  as  compared  with  those  of  the  Lake-district*'     By  J.  B, 
^arr,Eiq.,JB.A.,F^.8. 


Digitized  by 


Google 


PBOcsBDiNes  07  THB  exoiiOeiOAii  80cnnT«.  107 

16.  ''On  some  Superfioial  Deposits  in  the  Neighbourhood  of 
Evesham,'*    By  the  Bev.  A.  H.  Winnington  Ingram,  M.A.,  F.G.S. 

17.  "Descriptions  of  Falsdozoic  Corals  from  Northern  Queens- 
land, with  Observations  on  the  Genus  St^noporaJ*  By  Prof.  H.  A. 
Nicholson,  H.D.,  D.Sc,  F.G.S.,  and  B.  Etheridge,  Esq.,  Jun., 
F.G.S. 

[Abdtwujt*] 

The  Corals  described  in  this  paper  were  in  part  collected  by 
the  late  Mr.  Daintree,  chiefly  from  the  limestone  of  the  Broken 
Jtiver,  regarded  as  of  Deyonian  age,  and  in  part  by  Mr.  E.  L.  Jack 
from  various  sources,  namely,  the  Bowen-Biver  Coal.field,  in  beds 
probably  of  Fermo-Carboniferous  age,  the  Fanning-Biver  Limestone 
(Devonian),  and  the  Arthur's-Creek  limestone  (Fermo-Carbonifer- 
ous). Mr.  Daintree's  collection  also  contained  corals  in  the  chloritio 
rock  of  the  Gympie  Gold-field.  From  the  Coral  Creek,  Bowen-Biver 
Coal-field,  the  authors  recorded  Sienopora  avata,  Lonsd.,  and  S,  Jadcii^ 
sp.  n. ;  from  the)Fanning-Biver  Limestone,  ffeliolitesporosus,  Goldf., 
and  Packypora  meridionalis^  sp.  n. ;  from  the  Gympie  chloritio 
rook  SUnopora  ?sp.  ind. ;  from  ttie  Brokeu-Biver  Limestone, 
lavotiUs  gothUmdicui^  Lam.  vars.,  HtUoUUt  porosuB^  Goldf.,  ff. 
jpla9moporoide9j  sp.  n.,  ff.  Daintreeij  sp.  n.,  Heliolites  sp.  ind.,  and 
Arceopora  australisy  sp.  n. ;  from  the  Arthur's-Creek  Limestone, 
Burdekin  Down,  Alveolites  (Pachypora?)^  sp.  near  A.  rohustus^ 
Bom.,  Alveolites  sp.  (lobate  form),  Aulopora  r^pens^  M.-£dw.  &  H.f 
Heliolites  porosus,  Goldf.,  and  vars.,  LiAottrotionBp,  iai.^  Fdehypora 
tneridionalis,  Trachypora  «p.  ind.,  and  species  of  Caunopora  and 
Stromatopora.  The  genus  Arceopora  was  proposed  as  a  new  group. 
The  genus  Stenopora  was  made  the  subject  of  a  long  discussion ;  and 
the  geological  characters  of  the  deposits  from  which  the  fossils  were 
derived  were  indicated  and  discussed. 

DiscnsszoK* 
Prof.  Dtjncait  remarked  upon  the  interest  which  would  attach  to 
the  discovery  of  a  large  Permian  coral-fauna,  reef-building  forms  of 
this  age  being  at  present  excessively  rare. 

The  following  objects  were  exhibited  : — 

Bocks,  Bock-sections,  specimens  of  Gold,  a  Batisi  (used  for 
washing  ores),  from  South  America,  and  photographs,  exhibited  by 
Mr.  Attwood,  in  illustration  of  his  paper. 

Photographs  of  IcJuhyosauri,  and  a  specimen  of  EhampTiocepTialua 
Presticichiy  exhibited  by  Prof.  Seeley  to  illustrate  his  papers. 

Three  molars  and  fourth  premolar  from  the  right  mandibular 
ramus  of  Ovibos  moschatusy  and  a  right  ramus  of  Cams  vulpes,  from 
the  Pleistocene  Brick-earth  of  Crayford,  Kent,  and  flint  imple- 
ments from  the  Brick-earth  at  Erith,  exhibited  by  B.  W.  Cheadle, 
Esq.,  F.G.S. 

*  This  pt^>er  has  been  puUished  in  full  in  the  '  Annals  and  Magazine  of 
Natural  ^uitory,'  ser.  5«  voL  iv.  p..266. 
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I.  ADDITIONS  TO  THE  LIBRABY. 

1.  Pebiodicau  and  FuBUCAnoire  of  Lbabned  Bocarn^ 

Presented  hy  ihe  respective  Societies  and  Editors,  or  iWdWuecL 

Academy,  The.    Nos.  296-304.    1878.    Presented  ly  W.  Sweetkmd 
Dallas,  Esq.,  F.LJ3. 

,    Nob.  320-547.    1878. 

.    Nos.  348-372.    1879. 

G.  F.ItodwelL    Thereeentl^ptionof  VeBUTiiiBy  149. 

American  Journal  of  Sdenee  and  Arts.  3rd  Series.  YoLzyL  Nos.  91- 
96.  1878. 
J.  Le  Oonte.  Strncture  and  Origin  of  Mountains,  95. — J.  C.  BoasdL 
Occunence  of  a  Solid  Hydrocarbon  in  tlie  Eruptiye  Rocks  of  New  Jenej, 
112. — Q.  J.  Brash  and  E.  S.  Dana.  On  a  new  and  rema^able  Mineral 
Locality  in  Fairfield  County,  Connecticut,  with  a  description  of  eeyenl 
new  species  occurring  there,  114. — J.  G.  Perdyal.  ''  Indurated  Bitumen  ** 
in  cavities  of  the  Trap  of  the  Connecticut  YaUey,  IdO. — ^L.  £.  Hidn. 
The  WaTerly  Group  in  Central  Ohio,  216.— J.  F.  Whiteavee.  On  some 
Primordial  Fossils  m>m  South-eastern  Newfoundland,  224. — 0. 0.  Mazak 
New  Pterodactyl  from  the  Jurassic  of  the  RocJcy  Mountains,  233. — J. 
L.  Smith.  On  the  Composition  of  the  new  Meteoric  Minimi  Daabr6e- 
lite,  270.— J.  W.  Mallet  On  Bfircenite,  a  new  Antimonate  firom  Huit- 
xuco,  Mexico,  306.— J.  D.  Dana.  On  some  points  in  litholoAT,  3361, 431. — 
W.  T.  Itoepper.  Pseudomorph  after  Anorthite,  from  Franfiin,  N.  J.,  364. 
— ^W.  H.  Niles.  RelatiTe  .^^;en^  of  Glaciers  and  Subglacial  Streams  in 
the  Erosion  of  Yalleys,  366.— O.  C.  Marsh.  Principal  Characters  of 
American  Jurassic  Dinosaurs,  41L — G.  E.  Warren.  YalW  of  the  Min- 
neeota  River  and  of  the  Missisappi  River  to  the  Junction  of  the  Ohio :  its 
origin  considered,  417. — H.  Hennessey.  limits  of  Hypotheees  regarding 
the  Properties  of  the  Matter  composing  the  Interior  of  the  EarUi,  46L — 
H.  C.  Hovey.    Discoveries  in  Western  Caves,  466. 

.    .    YoLxvii.  Nos.  97-102.    1879. 

W.  M  Fontaine.    Mesozoic  Strata  of  Yirginia,  25,  161,  239.— T.  N. 
Dale,  jun.    Age  of  the  Clay-slates  and  Ghits  of  Popghkeepsie,  57.— O.  C. 
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Abeila  cliff,  section  at,  770. 

AomUkopholii  f,  axis  of,  5Mt. 

eooerous,  a  Dinosaur  from  the 

Oambridffe  Greensand,  632. 
horridus,  from  the  base  of  the 

chalk  marl  near  Folkestone,  rerte- 

bral  characters  of,  596. 
tUreocercuSf  a  Dinosaur  from  the 

Cambridge  Greensand,  dorsal  and 

caudal  Tertebne  of,  628. 
Aotinacis,  94. 

ffMiMis,93. 

tieUulata,  93. 

Adams,  Prof.  A.  L^  on  the  remains  of 

Mastodon  and  other  Yertebrata  of 

the  Micoene  beds  of  the  Maltese 

Islands,  517. 
Afon  Blaenyooed,  section  through, 

Ojmmerig,  section  through,  201. 

Agelacrinitidee,  Mr.  W.  P.  Sladen  on 
a  new  species  of,  from  the  Carboni- 
ferous of  Northumberland,  744. 

Allport,  8.,  Esq.,  award  of  the  Wol. 
laston  Donation  Fund  to,  Proe, 
34- 

— ,  on  the  dioritee  of  the  Warwick- 
shire coal-field,  637. 

Alum  Baj,  section  at^  226. 

Amason,  Mr.  C.  B.  Brown  on  the 
ancient  riyer-deposit  of  the,  763. 

,  section  across  the  Talley  of  the, 

763.  776. 

Ambonychia  ?  tttmida^  497. 

America,  Europe,  and  Asia,  range  of 
the  mammoth  in,  143. 


America,  South,  Mr.  G.  Attwood's  con- 
tribution to  the  geology  of,  582. 

,  ,  Prof.  T.  gT  Bonney  on 

some  rocks  from,  588. 

Analysis  of  mica-traps  from  the 
Kendal  and  Bedb^h  districts, 
168-177;  of  weathered  and  un- 
weathered  diabase  rock  from  near 
Potosi,  Yeneauela,  586. 

Anglesey,  Dr.  H.  Hicks  on  the  Pre* 
Oamlnrian  (Dimetian,  Arronian,  and 
Pebidian)  rooks  in  Caemarronshire 
and,  295. 

—  oolumn,  microscopic  structure  of 
rock  from  a  quarry  near  the,  306. 

,  limestone  of  Llangwyllog   in, 

63. 

,  Pre-Cambrian  rocks  in,  301. 

— —  and  OaemarTonshire,  map  show- 
ing the  Pre-Oambrian  torn  in, 
297. 

— ,  Prof.  Bonney  on  the  mi- 
croscopic structure  of  scHue  rocks 
fh>m,  305. 

Anisotbyris  oarinata,  83. 

Hauxwelli,  83. 

— —  tenuis,  83. 

(Pachydon)  tumida,  83. 

Annelid-jaws,  Mr.  G.  J.  Hinde  on, 
from  the  Cambro-Silurian,  Silurian, 
and  Deronian  formaUons  in  Canada 
and  from  the  Lower  Carboniferous 
in  Scotland,  370. 

Anniversary  Address  of  the  President, 
iVi0e.3<-95.  SeealsoSorby,Dr.H.C. 

Annual  Report  for  1878,  Proe,  lo. 
di2 
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Anodon,  i^.,  84* 

Amoplotaurus   eurtonatus,  Seelej,  on 

the  skeleton  of,  a  Dinosaur  from 

the  Ckmbridee  Cbeensand,  600. 
— ^  migor,  631. 
AnthropaUtmon,    Mr.  B.  Etheridffe, 

jun.,  on  the  occurrence  of,  in  me 

Lower  Carbonirerous  or  Oalciferoue 

■enee  of  Scotland^  464. 

Macconochiiy  471. 

Woodwardi,  468. 

Aphanilic  dyke  at  Sandy  Creek, Tambo 

rirer,  section  and  ground-plan  of, 

14  . 
Arabdlit€$  ascialis,  378. 

cervicomu,  379. 

comuiuSf  377. 

^—  erenulatus,  379l 

cristahu,  378. 

cutpidatus,  378. 

eleaans,  382. 

gioboaus,  378. 

— —  kamatus,  377. 

lunatua,  378. 

?  obiiqutts,  S79, 

<walM,  378. 

pectinafvs,  379. 

politu8,3S6, 

quadratus,  379. 

rectus,  378. 

Bcoficva,  366. 

■ sdtfellatus,  379. 

timilu,  382. 

^— ,  Tar.  arcuafuSf  385. 

Arachnida,  fossil,  from  Gurnet  Bay, 

Isle  of  Wight,  344. 
Aroheoniscus  Brodiei,  349. 
Area  strewn  with  northern  boulders, 

430. 
Arenig  Mountain,  boulder-supplying 

capacity  of  the,  444. 
Argillaceous   and  crystalline   schieta 

near  Omeo,  section  of,  15. 
Arronian,   Dimetian,   and    Febidian 

rooks  in  Oaemaryonshire  and  An- 
glesey, 295. 
—  rocks  from  Pembrokeshire,  Mr. 

T.  Dayies    on    the    microscopical 

structure  of,  291. 
— in  Pembrokeshire,  Dr.  H. 

Hicks  on,  285. 
Ashbrittle,  section  from,  to  Olatwor- 

thy,  in  the  Tone  valley,  540. 
Ashley  Heath,  felstone  boulders  of, 

441. 
Asia,  Europe,  and  America,  range  of 

the  mammoth  in,  143. 
Assiminea  crassa,  SiS. 
Atherstone,  Purley  Park,  near,  diorite 

containing  augite  and  oliyine  from. 


AthoonyiMtooka,  Lough,  section  of 
Tolcanic  beds  near,  716. 

Attwood,  G.,  Esq.,  a  oontribatkm  to 
South-American  geology,  with  an 
appendix  by  the  I&t.  Prof.  Bcnmey, 

Augite  and  clinne,  diorite  containing 


Austin,  C.  E.,  Esq.,  on  the  distitbatiaD 

of  boulders  by  other  agencies  than 

that  of  icebergs,  Proc.  3. 
Australian    Alps,    North  GKppdaad, 

section  across  the,  6. 
Atou  sandstones  of  North  Oippaland, 

32. 

Backside  Beck,  Westerdale,  mica-tnp 
dvke  in  the,  177. 

Bailey,  A.,  Esq.,  on  the  orerflow  of  a 
peat-bog  in  the  Falkland  T«Utw^«^ 
Proc.  96. 

Bairdia,  Prof.  T.  B.  Jones  and  J.  W. 
Eirkby,  Esq.,  on  the  species  of  the 
Ostracodous  geniui,  from  the  Carbo- 
niferous strata  of  Qre^  Britain, 
565. 

^—,  table  of  PaUeocoio  roedes  oC 
579. 

—  antpltt,  571. 
amputata,  576, 

—  brevis,  575. 

—  circumcisa,  578. 

curia,  567. 

— -^rofliis,  572. 

—  Hiimifferi,  570. 

—  mucronafa^  572. 
nitida,  577. 

piebeia,  569. 
^— jM*tfcisa^577. 

Mquoides,  576. 

mUia/lindrica,  574. 

subelongatn,  573. 

•^—  subgracUis,  574. 

mibmucronaia,  572. 

,  sp.  ?,  57a 

Bairnsaale  limestone  of  North  Oippe- 

land,  33. 
Bala  Lake,  generalised  seetioa  from, 

to  Pale  HOI,  201. 

,   section    near    Gelligrin, 

south  of,  203. 

Ballygalley  Head,  Mr.  T.  M.  Bcade  on 
a  section  of  boidder-«lay  and  graTels 
near,  and  an  inquiry  as  to  tiM  pro- 
per classification  of  the  Irish  Drift, 
679, 

Ban^r  and  Caemairon,  Pre-Ckin- 
bnui  rocks  from  between,  296w 

beds,  687. 

'^—  district,  quartx-felntes  &e.  of  the, 
319. 
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Barle,  river,  seetioii  through,  534. 
Barlej  Bridge,    Stavelej,    mioa-trap 

djkeat,109. 
Bamstaole  Baj,  Mr.  T.  M.  Hall  on 

the  submerged  forest  of,  Proc,  io6. 
B&mwell  grayels,  416. 
Banrington,  near  Cambridge,  Ber.  O. 

Fisher  on  a  mammaliferous  deposit 

at,  670. 

—  pit,  diagram  of  the  northern  end 
of,  671. 

Baryhelia,  94. 

—  reticulata,  92. 

Beaufort  West,  Gbuph  Tract,  Cape  of 
€K>od  Hope,  Prof.  B.  Oirenontrdg- 
mentarj  indications  of  a  huge  kind 
of  Theriodont  reptile  (  THianosuchua 
ferox,Om.)from,  189. 

Bembridge  hmestone.  Dr.  H.  Wood- 
ward on  the  ooourrenoe  of  Bronchi' 
pus  (or  Chirocephalus)  in  a  fossil 
state  in  the,  of  Q-umet  Bij,  Isle  of 
Wight,  342. 

Berth,  section  through  the,  695. 

Berury  diff,  section  in,  772. 

Bibor  s  hill,  section  through,  540. 

Bickham,  section  through,  534. 

Bigsbr  Medal,  award  of  the,  to  Prof. 
E.  D.  Cope,  Proc.  33. 

Biurgs,  section  throu^^h  the,  788. 

Blackpool  boulders,  identification  of, 
440. 

Bodoan  mountain,  microscopic  struo- 
ture  of  rock  from,  305. 

BodweniWood,  section  in,  north  of 
the  Dee,  205. 

Bonang  rirer,  12. 

Bonnej,  Prof.  T.  G.,  on  some  rocks 
from  South  America,  588. 

,  on  the  microscopic  structure  of 

Bome  rocks  from  Caemarronshire 
and  Anglesey,  305. 

,  on  the  microsoonic  structure  of 
some  Shropshire  rooiu,  662.  * 

• ,  on  the  quarts-felsite  and  asso- 
ciated rocks  at  the  base  of  the 
Cambrian  series  in  North-western 
Caemarronshire,  309. 

,  and  F.  T.  S.  Uoughfon,  Esq.,  on 

some  mica-traps  from  the  Kendal 
and  Sedberah  oistricts,  165. 

.^— ,  and  F.  T.  S.  Houghton,  Esq.,  on 
the  metamorphic  series  between  Twt 
Hill  (Caemarron)  and  Port  Dinor- 
wig,  321. 

Borax  lake,  California,  sulphur  bonk 


Bosoombe  sands,  215. 
Boston,  deep  well  at,  418. 
Bothrioepondylus  maffiius,  752. 
BouldeiHslay,  Hessle,  Mr.  A.  J.  Jukes- 


Browne  on  the  southeriy  extensioit 
of  the,  in  Lincolnshire,  397. 

Boulder-clay  of  Shetland,  794. 

Boulder-dispersions,  local,  448. 

—  — ,  radiating,  causes  of^  429. 

Bjulder^laden  currents,  428. 

Boulder-loads,  orershot,  428. 

Boulders,  Cumberland  granite   and 
felstone,  439. 

k  identification  of,  426. 

f  importance  of,  as  a  key  to  the 

interpretation  of  glacial  erents, 
425. 

,  intercrossing  of  courses  of,  427. 

— ,  Mr.  C.  B.  Austin  on  the  distri- 
bution of,  by  other  agencies  than 
that  of  icebergs,  Proc.  3. 
'  t  northern,  chalk-flints  and  Lias 
fossils  associated  with,  446;  ex- 
tent of  area  strewn  with,  430. 

,  position  of,  relatirely  to  the 

matrix  of  drift-deposits,  449. 

Bournemouth  beds,  Mr.  J.  S.  GKurd- 
ner*s  description  and  correlation  of 
the. — Part  1.  Upper  marine  series, 
209. 

marine  series,  western  termina- 
tion of  the,  225. 

Bowen-rirer  coal-field.  North  Queens- 
land, Mr.  B.  Etheridge,  jua.,  on 
fossils  from  the,  Proc.  10 1. 

Branchipodites  veciensis,  346. 

BranchipuSf  Dr.  H.  Woodward  on  the 
occurrence  of,  in  the  Eocene  forma- 
tion of  the  Isle  of  Wight,  342. 

Brandon  Head,  section  from,  to  Mi- 
nard  Head,  704. 

Brazil,  Solimdes  and  Ja^ary  rirers  in, 
Mr.  C.  B.  Brown  on  the  Tertiary 
deposits  on  the,  76. 

,  Jayary   and   Solimo3s    rirers, 

Mr.  B.  Etheridge  on  the  Mollusca 
collected  by  Mr.  C.  B.  Brown  from 
the  Tertiary  deposits  of,  82. 

Britain,  the  mammoth  in,  before^ 
during,  and  after  the  glacial  period, 
142. 

Brithdir,  rock-specimens  from,  313. 

British  Carboniferous  FenestellidsB, 
Mr.  O.  W.  Shrubsole  on  the,  275. 

Columbia^   Dr.  G.  M.  Dawson 

on  a  new  species  of  Loftutia  from, 
69. 

Brown,  C.  B.,  Esq.,  on  the  Tertiary 
deposits  on  the  Solim5es  and  Ja- 
Tary  rivers,  in  Brasil,  76. 

,  on  the  ancient  river-deposit  of 

the  Amason,  763. 

Bryn,  Arronian  rooks  near,  south- 
west of  Treglemais,  294. 

,  section  Uirough^  686. 
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BrTiiiaa  Bmheot,  aeoCioa  from  Meiuu 
Bridge  to,  687. 

,  seodon  aoran,  690. 

Buohui  liniflatoiidB,  North  OtppaUnd, 

Bookman,  Prof.  J^  oa  the  lO-OBlled 

Midford  Bands,  736. 
Buroot,  rhyolitet  from,  666 ;  liiTolitio 

agglomerate  from,  668. 
Burton,  Shropshire,  Eskdale-gramte 

and  Lake-distriot  felstune-boulders 

around,  442. 
Birleh  Hannerob,  section    through, 

201. 
Bwlch-T-0aseg,     section     through, 

207. 

Om  Castell,  fossils  from,  484,  486. 

,  section  through,  478. 

,  section  in  the   side    of, 

483. 

Oser  Oaradoo,  diaraoter  of  the  rooks 
of,  655. 

,  section  across,  towards  its 

south-west  end,  657. 

and  Wrekin  chain,  physical 

geography  of  the,  644. 

Caernarvon  beds,  682. 

«»—  and  Bangor,  Pre-Oambrian  rooks 
fipom  between,  296. 

•^— ,  Pre-Cambrian  rooks  of,  further 
obserrations  on  the,  bj  Prof.  T. 
M'K.  Hudbes,  682. 

GaemarronSure,  North-western,  Prof. 
T.  G.  Boimej  on  the  quarts-felsite 
and  associated  rocks  at  the  base  of 
the  Cambrian  series  in,  309. 

— —  and  Anglesey,  Dr.  H.  Hicks 
on  the  Pre-Cambrian  (Dimetian, 
Arronian,  and  Pebidian)  rocks  in, 
295. 

^^  ,  map  showing   the  Pre- 

Cambrian  rooks  in,  297. 

,  Prof.  T.  G.  Bonney  on  the 

microscopic  structure  of  some  rooks 
from,  305. 

Oalciferous  Ssndstone  series,  Lower 
Carboniferous  or,  Mr.  B.  Etheridge, 
jun.,  on  the  oocurrenoe  of  the  genus 
lHthyrocari$  in  the,  of  SooUand, 
and  on  that  of  a  second  species 
of  AsUkrapalmmon  in  these  beds, 
464. 

California,  hot  springs  in,  300. 

Cslistoga,  hot  springs  at,  303. 

Callaway,  C,  Bsq.,  the  Pre-Cambrian 
rocks  of  Shropshire.— Part  I.  With 
notes  on  the  miorosoopio  structure 
of  some  of  the  rocks,  by  Pro£  T. 
G.  Bonney,  643. 

Oslrados,  department  of,  258. 


Cambrian,  iCr.  Hiobdms  Buddy  ob  tks 
upper  part  of  the,  and  bsfle  of  tha 
l^nrian,  in  North  Wales,  200. 

rocks  of  Caemarronshire,  68& 

ofLaMandM,a62. 

series,  Prot  T.  G.  Bonney  oa 

the  qnarts-lelfltte  and  ssanPiatiH 
roda  at  the  base  of  the.  in  North- 
western CsemarronshiiA  309. 

Cambridge,  Bey.O.  Fisher  on  a  mam- 
maliferous  deposit  at  Barringtoa, 
near,  670. 

Greens&nd,  Dinoaaoria  of  tba, 

Prot  H.  G.  Seeley  on  the,  501. 

Cambro-Silurian,  annelid-jaws  firem 
the,  of  Canada,  37a 

^—  Conodonta,  Mr.  G.  J.  Hiode 
on  the,  of  Canada  and  the  United 
States,  351.  358. 

Campbell,  J.  F.,  Sbq.,  on  facial  pe- 
riods, 98. 

Canada,  Mr.  G.  J.  Hinde  on  aonelid- 
jaws  from  the  Cambro-SUurian, 
Silurian,  and  Deronian  focmstions 
in,  and  from  the  Lower  Carbooife- 
rousin  Scotland,  370. 

and  the  United  States,  ICr.  G.  1. 

Hinde  on  Conodonts  from  the  Gtmsj 
and  Cincinnati  group  of  the  Cam- 
bro-Silurian and  from  the  Hamilton 
and  Genesee  shale  dirisiona  of  the 
DeTonian  in,  351. 

Canama,  Peru,  Tertiary  eliffii  near, 
79,80. 

Cannington  Park,  tiaveiae  across  the 
Quantocks  to,  544. 

Cape  of  Good  Hope,  Prot  B.  Owen 
on  fhi^:mentary  indicatioos  of  a 
huge  kind  of   Theriodont    rsptik 

Beaufort  West,  Gonph  Tract,  isa 
Caradoc,  clastic  ro^  from,  667. 
— -,  L^tle,  section  across,  and  the 

Talley  to  the  south-east,  657. 
Carbonaceous  shales  and  slates  of  ths 

Huronian  system,  160. 
Carboniferous  and   Glengariff  btds, 

plan  and  section  showing  joaction 

of;  709. 
,  annelid-jaws  fhxn  the  Lower,  of 

SootUmd,  386. 
^—  beds  and  the  Gleogaiiff  secies, 

supposed  oonformiW  of  the,  711. 
conglomerates,  Lower,  of  North 

Wales,  Messn.  Strahan  and  Walker 

on  the  oocurrenoe  of  pebbles  with 

Upper  Ludlow  foseils  in  the,  268. 
Fenestellida,  Mr.  G.  W.  Sindh 

sole  on  the  British,  275. 
,  Glengariir  serica,  and  OUi  Bed 

Sandstone^  plan  and  sectioos  shov> 
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ing  the  relations  of,  in  the  S.W.  of 
Ireland,  713. 
OarboniferouB  limeetone  of  Normandj, 

^1  Lower,  annelid-jaws  from  ihe, 

of  Scotland,  370. 

, f  or  Oaldferous  Sandstone 

series*  Mr.  B.  Etheridge,  jiin.,  on 
the  occurrenoe  of  the  genus  Diihy- 
rocaris  in  the,  of  Scotland,  and  on 
that  of  a  second  species  of  Ast" 
tkrapaJUemon  in  these  beds,  4&1. 

rocks  of  North  Qippsland,  32. 

< series  of  Northumberland,  Mr« 

W.  P.  Sladen  on  a  new  species  of 
AgelacrinitidsB  from  the,  744. 

shales,  diorite  intmsiye  in,  in 

railwaj-cutting  near  Ohilvers 
Ooton,  637. 

strata  of  Ghreat  Britain,  Prof.  T. 

B.  Jones  and  J.  W.  Eirkby  on  the 
spedes  of  the  Ostraoodous  genus 
£airdia,  from  the,  565. 

Cardiff,  Mr.  W.  J.  SoUas  on  the  SUu^ 
rian  district  of  Bhymney  and  Pen- 
y-Un,  475. 

—  area,  general  section  of  Uie  Silu- 
rian beds  in  the,  488. 

Silurian  district,  map  of  the, 

476. 

Cardington  and  Hope  Bowdler  range, 
characters  of  the  rocks  of  the,  658. 

Oareg  goch,  section  through,  686. 

Oarentan,  district  south  of,  255. 

Oarhoo,  section  through,  702. 

Garwood,  rock  from,  668. 

Oaunopora,  definition  of,  56. 

kudaoniea,  52. 

Cefn*bwlan,  section  at,  206. 

Oeih-coed-isaf.  section  through,  477. 

Cephalopoda-beds  of  Dorset,  Somerset, 
and  CHoueester,  737. 

Cerithiwn  ooroncUwn^  87. 

Cestraoionts,  Mr.  J.  W.  DaTis  on  three 
spines  of,  from  the  Lower  Coal- 
measures,  181. 

Chalk,  Mr.  H.  B.  Woodward  on  a 
disturbance  of  the,  at  Trowse,  near 
Norwich,  Broo,  xo6. 

Chalk-flints  and  Lias  fossils  asso- 
ciated with  northern  boulders  in 
England  and  Wales,  446. 

Chalk-marl  near  Folkestone,  on  the 
Tertebral  characters  of  AcantkophO' 
lukofTidu»,from  the  base  of  the,  596. 

Champemowne,  A.,  Esq.,  on  some  De- 
Tonian  Stromatoporidiv  from  Dar- 
tington,  near  Totnes,  67. 

,  and  Mr.  W.  A.  B.  Ussher,  on  the 

structure  of  the  Palssosoic  districts 
of  West  Somerset,  532. 


Chara,  seeds  of,  from  Brasil,  82. 
Charlton-Hill  area,  lithological  and 

stratigraphical    characters   of   the 

rocks  of  the,  653. 

,  clastic  rock  from,  667. 

1  quartsite  of,  666. 

Chazy  formation,  Conodonts  from  the^ 

366. 
Cheboji^among  lake,  serpentine  of,  58.) 
Cheshire,    mammoth    preglacial    in, 

140. 
,  plain  of,  position  of  boulder9 

in  dnfr  in  the,  450. 

plain,  Kirkcudbrightshire  boiil- 

der-dispersion  over  the,  433. 

,  Oumberland  boulders  on 

the,  441. 

Chilvera  Ooton,  railwaj-cutting  near, 
diorite  intarusiye  in  Oarbomferouf 
shales  in,  637. 

Chirk,  Arenig  boulders  around,  444. , 

CMrocephalm  in  the  Eocene  of  the 
Isle  of  Wight,  342. 

Chondrosteosaurus  magnus,  752. 

Cincinnati  group  at  Toronto,  annelid- 
jaws  from  the,  374. 

1    Conodonts    from    the, 

357. 

Clatworthr,  section  from  Ashbrittle  to, 
in  the  Tone  Talley,  540. 

Claj-slate,  constituents  of,  157. 

,  probable  origin  of  the  crystal- 
line constituents  in,  161. 

Clay-slates,  Huronian,  Dr.  A.  Wich^ 
mann's  microscopical  study  of  some, 
156. 

Clegyr  Mawr,  section  through,  697. 

dent  and  Lickey  hills,  probable  Are- 
nig boulders  around  the,  445. 

Clinton  and  Niagara  groups,  annelidr 
jaws  from  the,  381. 

Cloonee  river,  section  through,  710. 

Clough,  0.  T.,  Esq.,  on  the  Whin  Sill 
of  Teesdale  as  an  assimilator  of  the 
surrounding  beds,  Proe.  i  lo. 

Olwyd,  Silurian  rocks  in  the  valley  of 
the,  694. 

valley,  section  along  the  upper 

part  of  the,  697. 

Coal-field,  Warwickshire,  Mr.  S.  All- 
port  on  the  diorites  of  the,  637. 

Coal-measures,  Middle,  Dr.  H.  Wood- 
ward on  NecrodcUla  WiUom,  a  sup- 
posed Stomapod  crustacean  from 
the,  of  Oossalf,  near  Ilkeston,  551. 

,  Lower,  Mr,    J.  W.  Davis  on 

Pleurodus  affinis,  sp.  ined.,  Agassis, 
and  description  of  three  spines  of 
Cestraoionts  from  the,  181. 

Coed-y-cward,  section  from  Bhymney 
Bridge  to,  47a 
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^^^o^'f'gonM,  leodoQ  from  Tj-r-erw 

to,4'nr. 
OoBiiostroiiia,  daftiiittoii  of,  5d. 
galtmte,  62. 

Oolumbia,  Bhtiah,  Dr.  G.  M.  Dsw- 
•on  OQ  a  new  speoiM  of  Loftuma 
froiii,ft9. 

Commuiiitj  of  strootore  in  rocki  of 
diiwimiUr  origin,  Mr.  F.  Batlej 
on,  327. 

Oomotock  minas,  hmt  in,  d93. 

Oonodonta,  Mr.  G.  J.  Hinde  on,  from 
the  Ohaisj  and  Cincinnati  group 
of  the  Oambro-Silurian,  and  from 
the  Hamilton  and  G^esee-shale 
diTisions  of  the  Devooiaa,  in 
Canada  and  the  United  States,  351. 

Conterminous  dispersions  of  granite 
and  fristone  boulders,  427. 

Cope,  Prof.  E.  D.«  award  of  the 
Bigsbj  Medal  to,  Proe,  33. 

Ccnral  fiuma  of  Haldon,  Deronshire, 
Prof.  P.  M.  Duncan  on  the,  89. 

Corals,  PhlsDOsoio,  from  Northern 
QueensUuid,  Proe.  107. 

Carbuia  eanamaetuu,  ^ 

Cornish  coast  near  Padstow,  Mr.  W. 
A.  B.  Ussher  on  the  Pleistooene 
geoloffT  of  the,  Proe.  5. 

ComwaU,  Mr.  W.  A.  E.  Ussher  on 
the  Pleistocene  history  of,  Proc.  6. 

Corwen,  section  south-west  of,  207. 

Cossall,  near  Ilkeston,  Dr.  H.  Wood- 
ward on  NeeroiciUa  Wilaoni,  a  sup- 
posed Stomapod  crustacean  from 
the  Middle  Coal-measures  of,  551. 

Craig-j-Dinas  and  Gljnllifon,  Pre* 
C^hrian  rocks  at,  2U5. 

Crasrille,  section  fh>m  Yalognes  to, 
249. 

Creeswell  CaTee,  further  discoyeries 
in  the,  br  Messrs.  W.  B.  Dawkins 
and  J.  M.  Mello,  724. 

Criffel,  boulder-supplying  capacity  of^ 
431. 

boulders  at  Market  Drayton,  &a, 

435. 

• ,  termioal  concentration  o^ 

W.S.W.  and  north  of  Wolyer- 
hampton,  436. 

Croaghmarin  beds,  703. 

Croaghskirda,  section  through,  704. 

Crocodiles,  dwarf,  Prof.  R  Owen  on 
the  association  of,  with  the  diminu- 
tive  mammals  of  the  Purbeck  shalss, 
148. 

Crocodilus  oaudensis,  527. 

Cromer,  Mr.  C.  Beid  on  the  glacial 
deposits  of,  Froc,  105. 

Crooked  riyer,  12. 


Cross  Haw  Back,  mio»-trsp  djfce  in 
the,  177. 

Crug  beds,  685. 

Cru^aoea,  Booene,  ftom  Oamet  B  ij. 
Isle  of  Wight,  342. 

,  fossil,  contributions  to  the  know- 
ledge  of,   by  Dt,  H.  Woodwvd. 

Crystalline  and  argillaceoaa  trhists 

near  Omeo,  section  of;  15. 
constituents  in  day-date,  pro- 
bable origin  of  the,  161. 
CteruMcanikus  mquutriatus^  185. 
Culbone,   section  north   aod    south 

throuffh,539. 
Cumberund  granite  and  felstooe  boul- 

ders,  dispersion  of,  439. 
mountains,  Kirkoudbrightdiirs 

boulder-dispersion  on  west  bofder 

of,  432. 
Cummenbawn,  section  through,  710. 
Cunnel,  Lough,  section  from  near,  to 

Kylemore,  714. 
Cunuri,  hornblende  sohiat  from,  568; 

gneiss  from,  589. 
Cutcombe,  section  through  534. 
Cwm-y-Glo,  ro^  from  near,  312;  313L 
Cwm-yr-Aethnen,  section  near,  2U6l 
CycUmema  anffulaium,  498. 

simplex f  498. 

tmlmatum,  499. 

Cyfl^Uio^  section  through,  695. 

Dargo  Flat,  section  diowing  oootaei 
of  granite  and  SUorian  at  Orr^s 
Creek,  18. 

river,  12. 

Dartington,  near  Totnes,  Mr.  A. 
Champemowne  on  some  DeTOoian 
Stromatoporidse  from,  67. 

J)ayiea,  T.,  Esq.,  on  the  mierimcopkaX 
structure  of  some  Anronian  rocks 
from  Pembrokeshire,  291. 

Dayis,  J.  W.,  Esq.,  PUttrodm  afim*, 
sp.  ined.,  Agassis,  and  description 
of  three  spines  of  Cestnoontsfram 
the  Lower  Coal-measures,  181. 

Dawkins,  Prof.  W.  B.,  on  the  raofea 
of  the  mammoth  in  space  and  timsi 
138. 

,  and  MeUo,  Bey.  J.  M.,  further 

discoyeries  in  the  Creeswell  Caves, 
724. 

Dawson,  Dr.  0.  M.,  on  a  new  species 
ot'Lofhuia  from  British  Columbia, 
69. 

Dawson,  Dr.  J.  W.,  on  the  micro- 
scopic stmcture  of  Stromatoporids, 
ana  on  PaUeosoie  fossils  nuDersliaed 
with  silicates,  in  illustration  of 
£M00fi,  48. 
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Deddi<&,12. 

Bee,  TaUey  of  the,  pontion  of  boul- 
ders in  drift  along,  419. 

DelAmere  Hilla,  Cumberland  boulders 
on  the,  441. 

and  Peokforton  HiUs^  Eirkoiid- 

brightshire  boulder-dispersion  OTer, 

Delegete  Hill,  sketch  section  from,  to 

Snowy  Bluff;  12. 
Delphinus,  sp.,  from  MUta,  525. 
Denbigh  Fhu^  Upper,  list  of  fossils 
from,  of  Ifoel  Foaia,  Denbigh,  694. 
Dent,  mica-trap  djkes  near,  176. 
Derwen,  section  through,  697. 
Deronian,  annelid-jaws  from  the,  of 
Canada,  370. 

Conodonts,  Mr.  G-.  J.  Hinde  on 

the,  of    Canada  and  the   United 
States,  a51. 

.  Middle,  of  North  GHppsland, 

23;  Upper,  of  North  GKppeland, 
25. 

. rocks  of  La  Manche,  264. 

of  North  GKppeland,  20. 

' Stromatoporids,  Mr.  A.  Cham- 

pemowne  on  some,  from  Darting- 
ton,  near  Totnes,  67. 
Devonshire,  Prof.  P.  M.  Duncan  on 
the  Upper  Greensand  coral  fauna 
of  Haldon,  89. 
Diabase   rock,    weathered    and    un- 

weathered,  analyses  of,  586. 
Dictyostroma,  definition  of,  56. 
Dimetian,   Aryonian,   and   Pebidian 
rooks  in  Caemanronshire  and  An- 
glesey, 295. 
Dinas,  section  through,  697. 
Dingle  Bay,  section  from,  to  Brandon 
Head,  704. 

beds.  Prof.  R  Hull  on  the  geo- 

logicsd  age  of  the,  699. 

. ,  &c.,  relations  of  the  Old 

Bed  Sandstone  to  the,  719. 

Promontory,  section  in,  702. 

. ,  section  along  the  western 

coast  of,  702. 

. f  section  across  the,  from 

Brandon  Head  to  Minard  Head, 
704. 
Dinorwig  beds,  686. 
Dinosaur,  Mr.  J.  W.  Hulke  on  Vec- 
tisavrut  valderuis,  a  new  Wealden, 
421. 

• ,  note  on  the  axis  of  a,  from  the 

Cambridge  Oreensand,  591. 
Dinosauria  of  the  Cambridge  Gh-een- 
sand.  Prof.  H.  Gt.  Seeley  on  the,  591. 
Diodon,  foesil,  of  Bialta,  529. 
Diorite  containing  augite  and  olirine, 
639. 


Diorite   intmsiTe  in   Carboniferous 
shales  in  railway-catting  near  Chil- 
Ters  Coton,  637. 
Diorites,  Mr.  S.  Allport  on  the,  of  the 
Warwickshire  coal-field,  637. 

,      Warwickshire,      microscopic 

structure  of,  638. 
Distaoodus  incunm%  357. 
DUkyrocaria,  Mr.  &.  £theridge,  jun., 
on  the  occurrence  of  the  gnnus,  in 
the  Lower  Carboniferous  or  Caloi- 
ferous  Sandstone  series  of  Scotland, 
and  on  that  of  a  second  species  of 
AntkrapaiUBmon  in  these  beds,  454. 

teshtdineus^  465. 

tricomis,  466. 

,  sp.  ind.,  465,  466, 467. 

Docker  Fell,  mica-trap  dykes  at,  173. 
— —    Qarth,     mica-trap     dyke    on 

railway  west  of,  172, 
Dolgelly  and    Ffestiniog,   Pre-Cam- 

brian  rocks  near,  304. 
Dolomitic    conglomerate,    footprints 
in,  of  Newton  Nottage,  Glamorgan- 
shire, 512. 
Doulting,  section  in  quarry  at,  739, 

740. 
Doyle,  P.,  Esq.,  on  some  tin-deposits 

of  the  Malayan  peninsula,  229. 
Dreisaena  acuta,  82. 
Drepanodus  arcuaiua^  357* 
Drifb-beds  at   Kilmaurs,  section  of, 

140. 
Drift-deposits,    position  of  boulders 

relatiyely  to  the  matrix  of,  449. 
Drumagowlan  House,  section  at,  710. 
Dulverton  Station  to  Duuster,  geolo- 
gical trayerse  fh)m,  533. 
Duncan,  Prof.  P.  M,  on  the  Upper 
Ghreensand  coral  fauna  of  Haldon, 
Devonshire,  89. 
Dunquin,  section  through,  702. 
Dunster,  trayerse  from,  to  the  Fore- 
Und,  537. 

,  geological  traverse  from  Dul- 

yerton  Station  to,  533. 
Dyke,  mica-trap,  near  Windermere 
Station,  168;  at  Barley  Bridge, 
Steveley,  169;  Gill  Bank,  near 
Stayeley,  169;  Stile-end  Farm, 
between  Kentmere  and  Long  Sled- 
dale,  170;  in  Kendal  Road,  171; 
west  of  Docker  Garth,  172;  south 
of  Haygarth,  Docker  Fell,  173 ;  in 
river  Lune,  a  W.  of  Sedbergh,  174 ; 
in  Uldale  Head,  175 ;  in  Holbeck 
Gill,  175 ;  in  Helm  Gill,  near  Dent, 
176 ;  in  Helm  Gill,  near  Sedbergh, 
176;  in  Cross  Haw  Beck,  177;  in 
Weeterdale,  177, 178. 
Dyris  gracilis,  86. 


Digitized  by 


Google 


822 


owTKBATi  max. 


BMtKad,405. 

Ljim,  ■eotioa  through,  540. 

KiA  range,  miorotoopio  ftarnotore  of 
roeka  from,  305. 

EleoUtio  Bjenite  (Fojute),  Dr.  0.  P. 
Sbfliboer  on  an,  oooorring  in  Por- 
tu«l,42. 

Elephant,  Indian,  relation  of,  to  the 
mammoth,  145. 

Endotkiodam  batJ^itoma,  6S7. 

mUa&ne$,d&d. 

Endothiodont  Beptilia,  Prof.  B.  Owen 
on  the,  with  ertdenoe  of  the  speoiee 
Endotkiodan  unisene$,  Ow.,  5o7. 

England  and  Ireland,  Upper  Silurian 
■eriee  of,  718. 

,  erratic  blodke   or  boulders  of 

the  weet  of,  425. 

,  relationfl  of  the  Upper  Silu- 
rian leries  of  the  south-west  of 
Ireland  to  those  in  the  Silurian 
region  in,  718. 

,  south  of,  the  mammoth  Pre- 

gladal  in  the,  ld& 

Eocene  Freshwater(Bemhridge)  lime- 
stone. Dr.  H.  Woodward  on  the 
occurrence  of  Brtmekiptts  (or  Cki- 
roctpkal%ui)  in  a  fossil  state,  asso- 
ciated witn  Eotpkmroma  and  with 
numerous  insect-remains,  in  the,  of 
Gurnet  Bay,  Isle  of  Wight,  d42. 

Einpkmroma  Brongniartii,  348. 

fiufjiatiU,  346. 

amiikU,  347. 

Sosoon,  Dr.  J.  W.  Dawson  on  PaUeo- 
aoic  fossils  mineralised  with  sili- 
cates, in  illustration  of^  48. 

,  imitatiTe  fonns  resembling,  65. 

Ercal,  lithological  and  stratimphical 
characters  of  the  rocks  of  Uie,  646. 

,  section  through  the,  660. 

Erratic  blocks  or  boulders  of  the 
west  of  England  and  east  of  Wales, 
results  of  a  sjstematio  surrej  in 
1878,  of  the  mrections  and  limits 
of  dispersion,  mode  of  occurrence, 
and  relation  to  drift-deposits  of 
the,  including  a  reTision  of  many 
years'  preTious  obsenrations,  by  Mr. 
D.  Mackintosh,  425. 
of  Shetland,  803. 

Esffair-felen,  section  of  perlite  of;  506. 

Eskdale-granite  boulders  around  Bur- 
ton, S&opshire,  442. 

Etheridge,  &,  Esq.,  on  the  Mollusca 
collectidd  by  Mr.  0.  B.  Brown,  from 
the  Tertiary  deposits  of  the  Solimdes 
and  JaraiT  riTers,  Brasil,  82. 

Etheridge,  B.,  Esq.,  jun.,  on  a  collec- 
tion of  fossils  fh>m  the  Bowen- 
rirer  coal-field  and  the  limestone 


of  the  Fuming  rirer,  Korth  ( 
land,  Proe,  loi. 

Etheridge,  B.,  Esq.,  jun.,  oo  the  oecor- 
renoe  of  Uie  genus  DUhjfr^caru  m 
the  Lower  Carboniferous  or  Cakt- 
ferous  Sandstone  series  of  SooUaad, 
and  on  that  of  a  second  speciss  of 
AntkrtqHU^mon  in  these  beds,  464. 

,  and  Prot  H.  A.  Nifihobon  on 

PalsBosoio  Corals  from  notthscn 
Queensland,  with  obserratioiis  on 
the  genus  Stenopora^  Proe.  107. 

£b(c«Mr9tes,HuIke,  752. 

JS!yceroouuru8tsmftpoHd^fUa(QoiikBj\ 
on  the  axial  skeleton  of;  a  Dinosaur 
from  the  Cambridge  Oreensand, 
613. 

EmUcite$  afftmii,  2S6. 

?  o/eeoAi^tcs,  384. 

ckiromorpMms,  SS\. 

c^m^ionefisis,  381. 

amiortus,  375. 

coronatus,  381. 

f  diffUaiuM,  SI6. 

gracUu,2^^ 

mt^or^  374. 

fMtiit(s,384. 

^fluihu,  384. 

' perdentatttM,  376, 

statp^,  376. 

tunudus,  384. 

poriatu,  375. 

Europe,  Asia,  aiid  America,  range  of 
the  mammoth  in,  143. 

Eresham,  Ber.  A.  H.  W.  Ingram  on 
some  superficial  deposits  m  the 
neighbourhood  oC  67o. 

Exton,  section  through  534. 

Faohell,  section  through,  686. 
Eslkland  Islands,  oxmow  of  a  peai- 

bog  near  Port  Stanley  in  the,  iV««. 

96. 
Euminff  rirer.   North    Queensland, 

Mr.  B.  Etheridge,  jun.,  on  fosrils 

from  the  limestone  of;  Proc.  loi. 
Esn-shapedbouldo^dimernons,  causes 

of,  4^. 
Fauna,Pleistocene,of  Mother  Grandys 

Parlour,  729. 
,  Prehistoric  and  ffistoric,  of  Mo- 
ther Gb'undy's  Parlour,  732. 
Felsitic  series  of  CMmar?on,  686l 
Felstone  and  granite  boulders,  great 

Cumberland  diversion  of,  439. 
Fen,  Bast,  section  from,  to  Marden 

Hill,  405. 
,  grairels  on  the  north  edge  of  the, 

415. 
,  section  from  West,  to  Xsit, 

405. 
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Peiiella»87. 

PeiiMt«llaoi 

membranaoea,  281. 

nodulow,  28a 

plebeia,  278. 

polyDorata^  280. 

EsnestellioiB,  British  Oarboniferous, 
Mr.  a.  W.  Shrubaole  on  the,  275. 

Fenland,  detcription  of  the  Heesle  beds 
along  the  north  border  of  the,  401. 

Perriter^s-OoTe  beds,  703. 

Pfemant  Dingle,  seotion  from,  to  the 
Carboniferous  Limestone  near  Isallt, 
269. 

Pf eetiniog  and  Dolgelly,  Pre-Oambrian 
rooks  near,  304. 

Fish,  Maltese  fossil,  527. 

Pisher,  Ber.  O.,  on  a  mammaliferous 
deposit  at  Harrington,  near  Cam- 
bridge, 670. 

Pissures,  conrersion  of,  into  yeins,  bj 
hot  springs,  390. 

Plesk,  nver,  section  of  Toloanio  beds 
in  the  hills  west  of  the,  near  Lake 
Athoonyastooka,  716. 

Ploatiag  ioe  and  land-ioe,  relatire 
claims  of,  in  the  transportation  of 
boulders,  425. 

Folkestone,  on  the  Tertebral  characters 
of  Acanthopholis  korridus  Arom  the 
base  of  the  chalk  marl  near,  596. 
Footprints,  Mr.  W.  J.  SoUas  on  some 
three-toed,  from  the  Triassic  con- 
glomerate of  South  Wales,  511. 

< ,  table  of  linear   and  angular 

measurements  of  fossil,  and  footr 
prints  of  Batitoiis  birds,  514. 
Ford  Bridge,  section  from  near  Treff- 
gam  Bridge  to  the  north  of,  on  the 
road  from  HaTerfordwest  to  Fish- 
guard, 288. 
Foreland,  trarerse  from  Dunster  to 

the,  537. 
Forest,  submerged,  of  Barnstaple  Bay, 

Proe,  io6. 
Forest-bed,  fauna  of  the,  the  mammoth 

a  member  of  the,  142. 
Fossils,  Palieosoic,  associated  with  ser- 
pentine and  other  hydrous  silicates, 

Foyaite,  Dr.  C.  P.  Sheibner  on,  an 
elaeolitic  syenite  occurring  in  Por- 
tugal, 42. 

. ,  analyses  of,  46, 47. 

Gal,  Lake,  section  through,  704. 
Galway   and   Mavo,  comparison    of 

Dingle  beds  witn  sections  in,  712. 
— ,  representative  beds  of  the 

Upper  Silurian  series  in,  715. 
Gaianer,  J.  S.,  Esq.,  description  and 


correlation   of  the   Bournemouth 
beds:  Part  L  Upper  Marine  se- 
ries, 209. 
Qarth  Point,  section  from,  to  Cbred 

Oitb,688. 
Gayifto    Barreiras,   section    at    the, 

Jurua  river,  772. 
Gelligrin,  section  near,  south  of  Bala 

LBke,203. 
Genesee-shale  and  Hamilton  divisions, 

Conodonts  from  the,  359. 
Qill  Bank,  near  Staveley,  mica-trap 

dyke  at,  169. 
Gippsland,  North,  Mr.  A.  W.  Howitt 
on  the  physical  geography  and  geo- 
logy of,  1. 

, ,  Avon  sandstones  of,  32 ; 

Baimsdale  limestone  of,  33;  Bu- 
chan  limestones  of,  24;  Oarboni- 
ferous  rocks  of,  32 ;  Devonian  rocks 
of,  20 ;  gold  workings  of,  36 ;  Iguana- 
Creek  beds  of,  26 ;  Miocene  rc^ks  of, 
33;  Pleistocene  beds  of,  94;  por- 
phyries of^  20;  section  across  the 
Australian  Alps  in,  6 ;  Silurian  rocks 
of,  8;  table  ot  geologiod  formations 
of,  7  ;  table  of  ijmeous  rocks  of,  8 ; 
Tertiary  rocks  o^  33 ;  volcanic  rocks 
of,  35. 
Glacial  deposits,  Mr.  C.  Beid  on  the^ 
of  Cromer,  Proc,  105. 

events,  boulders  as  a  key  to  the 

interpretation  of,  425. 
— •  period,  the  mammoth  in  Britain 
before,  durine,  and  after  the,  142. 

periods,  Mr,  J.  F.  Campbell  on, 

98. 

submergence,  tabular  view  of  the 

successive  stages  of  the,  453. 
Glaciation   of    the    Shetland   Isles, 
Messrs.  Peach  and  Home  on  the, 
778. 
Glan  Adda,  section  from  road  near, 

690. 
Glanrastel  river,  710. 
Glantrasna,  section  throuffh,  710. 
Glengariff  and  Carboniferous   beds, 
pUm  and  section  showing  junction 
of,  709. 

grits    and    slatee,    Prof.    R 

Hull  on  the  geological  age  of  the, 
699. 

,  Kenmare,  and  Eillamey  dis- 
tricts, 706. 

—  series  and  the  Carboniferous 
beds,  supposed  conformity  of  the, 
711. 

,  Old  Bed  Sandstone,  and 

Carboniferous,  plan  and  sections 
showing  the  relations  of  the,  in  the 
aw.  of  Ireland,  7ia 
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,  Tar.  $xcamtu$t  880. 

QWdBt  Fawr,  North  Wal«t,  Mr.  F. 
Butley  on  perlitio  mnd  sphemlido 
■tmoturet  in  the  Utm  of  the,  506. 

Qlynbftoh,  section  through,  697. 

GlxnlUfon  and  Oraig-r-Dinaa,  Pre- 
Gambrian  rocks  at,  295. 

GneisBee  of  Shropshire,  665. 

Qold-workings  of  North  Gippeland,  36. 

€kned  Qith,  section  from  Qarth  Point 
to,  688. 

Qothite  in  rocks  bdow  the  Bhynmej 
grit,  505. 

0^l«h  Tract,  Gape  of  Qood  Hope, 
reptilian  remains  from,  189. 

Granite-dispersion,  the  great  Kirk- 
cudbrightshire, 431. 

Granite  and  feline  boolders,  great 
Oumberland  dispersion  of,  439. 

Granites  of  North  Gippsland,  16. 

Ghranitoid  rocks  of  Slm»psbire,  664. 

Granitoidite,  322,  note. 

Great  Britain,  OarhonifBroos  strata  of, 
Prof.  T.  B.  Jones  and  J.  W.  Kirkby« 
Esq.,  on  the  species  of  the  Ostra- 
oodous  genus  BamUa  from  the, 
565. 

Oomstock  lode,  393. 

DiTidine  Kange,  12. 

Greensand,  Oambridge,  Prof.  H.  G. 
Seeley  on  the  Dinosauria  of  the, 
591. 

(Uiq)er)  coral  fauna,  Prof.  P. 

M.  Duncan  on  the,  of  Haldon, 
Deronahire,  89. 

Greenstone  boulderniispersion,  Scot- 
tish, 438. 

Griffith's  Crossing,  section  through, 
666. 

Gurnet  Bay,  Isle  of  Wight,  Dr.  H. 
Woodward  on  the  occurrence  of 
Branckipus  (or  Ckimoepkaint)  in  a 
fossil  state,  associated  with  Eogpka- 
rotna  and  with  numerous  insect- 
remains  in  the  Eocene  freshwater 
(Bembridfle)  limestone  of,  342. 

1 ,  lossil  insects  from,  344. 

•»—  and  Thomess  Bays,  general  sec- 
tion at,  34a 

Haffnaby  Beck,  405. 

H&kel,  Dr.  H.  Woodward  on  the  dis- 
corery  of  a  fossil  Sguilla  in  the 
Cretaceous  deposits  of,  in  the  Le- 
banon, Syria,  553. 

Haldon,  Deyonshire,  Prof.  P.  M.  Dun- 
can on  the  Upper  Greensand  ConJ 
fauna  of,  89. 

Haldonia,94. 


HdUUmia  Vieanti^^X, 

Halitherium  Schinn,  525. 

Hall,  Townshend  M.,  Baq.,  on  the  sub- 
merged forest  of  Barnstaple  Bay, 
JVw?.  io6. 

Ham  HQl,  section  in  quarry  at,  739, 
74a 

Hamilton  and  Genesee-shale  drrmoos, 
Conodonts  from  the,  359. 

—  group,  annelid-jaws  from  tibs, 
384. 

Hangman  beds,  unisyndiDal  oarre  in, 

near  Oaktrow,  537. 
Hanter  Hill,  altered  daatic  ro^  from, 

66a 
Haresfield  beacon,  section  of  OoHtas 

at,  738. 
Hawkshaw,  J.  C,  Esq.,  on  the  cooea- 

lidated  beach  at  Pemambuoo,  23a 
Haygarth,  mica-trap  dykes  sooth  q<, 

173. 
Hazier  Hill,  characters  of  the  rocfa 

of,  657. 
Hubert,  Prof.  B.,  award  of  tlM  lyca 

Medal  to,  Pne,  32. 
H^iopora,  95. 

c^mtiea,  94. 

Helm  Gill,  mic»-trap  dykea  at»  176. 
Hehneth  Hill,  character  of  the  rods 

of,  657. 
Hendrewen,  section  through,  690L 
Hengistbury  Head,  restored    seotMm 

between,  and  HighdiiT,  210. 

beds,  214. 

,  view  of,  213. 

Hessle  beds,  age  and  eqniTalents  of 

the,  412. 
,  description  of  the^  along  tbe 

north  border  of  the  Fenland,  401. 
BoulderHslay,  Mr.  A.  J.  Jnke». 

Browne  on  the  sootheriy  exteoaioai 

of  the,  in  Lincolnshire,  397. 

clay,  extension  of  the,  in  Bast 

Lincolnshire,  400. 

,  origin  and  mode  of  forma- 
tion of  the,  407. 

Hicks,  Dr.  H.,  on  anew  group  of  Pre- 
Oambrian  rocks  (the  Arronian)  in 
Pembrokeshire,  with  an  Appendix 
by  Mr.  T.  Dariee,  285. 

— ,  on  the  Pre-C^jnbrian  (Di- 
metian,  Arronian,  and  Febidian) 
rocks  in  Caernarronshireand  Angle- 
sey, with  an  Af^iendix  by  Prof. 
T.  G.  Bonney,  296. 

Highciff,  restored  section  between, 
and  Hengistbury  Head,  210. 

sands,  211. 

Higfagate,  London  day  of.  Dr.  H. 
Woodward  on  a  fossil  SguUla  from 
the,  519. 
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Hinde,  G.  J.,  Esq.,  on  ConodonU  firom 
the  Chacj  and  Cincinnati  group  of 
the  Cambro-SUurian,  and  from  the 
Hamilton  and  Geneeee^hale  divi- 
aions  of  the  Deronian,  in  Canada 
and  the  United  States,  351. 

• ,  on  annelid-jawB  from  the  Cam- 

bro^ilorian,  Silurian,  and  De- 
Tonian  formations  in  Canada,  and 
from  the  Lower  Carboniferous  in 
Scotland.  370. 

Hippopotamus,  okssificatory  ralue  of, 

— ,  occurrence  of,  at  Cresswell,  726. 

Himant,  section  through,  201. 

Holbeok  Gill,  mica-trap  dyke  at,  175. 

Holford  quarrj,  boss  of  grit  in,  545. 

BolopMa  graciUB,  498. 

■  kydropicat  498. 

—  minuta,  498. 

Hope  Bowdler,  rook  from,  667. 

and  Cardington  range,  cha- 
racters of  the  rooks  of  the,  658. 

R>ploncku8  eleganSf  183. 

Home,  John,  Esq.,  and  B.  N.  Peach, 
Esq.,  on  the  GLadation  of  the  Shet- 
land Isles,  778. 

Houghton,  F.  T.  S.,  Esq.,  and  Bey.  T. 
G.  Bonnej,  on  some  mica-traps 
from  the  Kendal  and  Sedbergh  dis- 
tricts, 165. 

,  on  the  meCamorphic  series 

between  Twt  Hill  (Caemarron)  and 
Port  Dinorwig,  321. 

JSowitt,  A.  W.,  Esq.,  on  the  physical 
geography  and  geology  of  North 
Qippsland,  Victoria,  1. 

Howorth,  H.  H.,  Esq.,  on  the  mammoth 
in  Siberia,  iVoc.  i. 

Huberrille,  section  through,  249. 

Hudson-river  group  at  Toronto,  an- 
nelid-jaws from  the,  374. 

Hu^ee,  Prof.  T.  M'K.,  further  ob- 
serrataons  on  the  Pre-Cambrian 
rooks  of  Caernarvon,  682. 

,  on  the  Silurian  rocks  of  the 
Talley  of  the  Clwyd,  694. 

Hnish  Champflower,  section  through, 
640. 

Hulke,  J.  W.,  Esq.,  on  PoikUopleuron 
Bucklandi  of  Eudee  Peslongchamps 
(p^),  identifying  it  with  Megato- 
9awnu  Bucklandi,  233. 

,  on  Vectiaaurus  valdenriSf  a  new 

Wealden  dinosaur,  421. 

— ,  on  (Eucamerotus,  Hulke)  Or- 
nithcptis,  H.  G.  Seeley,=^o^i&rM>- 
monayluB  magrma,  Owen,=  CAon- 
aroMteosaurus  magnus,  Owen,  752. 

HuU,  Prof.  E.,  on  the  geological  age 
of  the  rooks  forming  the  Bouthem 


highlands  of  Ireland,  generally 
known  as  '*  the  Dinele  beds "  and 
"  Glengariff  grits  and  slates,"  699. 

Hulyerton  Hill,  section  from,  norUi- 
wards  to  Wheddon  Cross,  and 
thence  to  Timbersoombe,  534. 

Hunstanton  grayel,  415. 

Huronian  olay-sUtes,  Dr.  A.  Wich- 
mann*8  microscopical  study  of  some, 
156. 

system,  table  of  the,  157. 

Hydrobia  dubia,  86. 

Ice,  land-  and  floating,  relatfre  claims 
of,  in  the  transport  of  boulders,  425 

IchtkyoBauruBj  Prof.  H.  G.  Seeley  on 
the  cTidence  that  certain  species  of, 
were  riTiparous,  Proc,  104. 

gaudensis,  527. 

Igneous  rocks  of  North  Gippsland, 
table  of,  8. 

of  Shethmd,  786. 

Iguana-Creek  beds,  North  GHppsland, 
26. 

Ilkeston,  Dr.  H.  Woodward  on  Neero- 
acilla  Wilsani,  a  supposed  Stomapod 
crustacean  from  tne  Middle  Coal- 
measures  of  Cossall,  near,  551. 

Ingram,  Bey.  A.  H.  W.,  on  some  su- 
perficial deposits  in  the  neighbour- 
hood of  Eyesham,  678. 

Insect-remains  from  Gurnet  Bay, 
Isle  of  Wight,  list  of,  344. 

Ireland  and  England,  Upper  Silurian 
series  of,  718. 

,    southern  highlands  of.    Prof. 

E.  Hull  on  the  age  of  the  rocks  form- 
ing  the,  genemlly  known  as  **the 
Dingle  beds  "  and  "  Glengariff  grits 
and  sUtes/'  699. 

— ^,  S.W.  of,  plan  and  sections 
showing  the  relations  of  the  Glen- 
gariff series.  Old  Bed  Sandstone, 
and  Carboniferous  in  the,  713. 

— ,  — ,  relations  of  the  Upper 
Silurian  series  of  the,  to  those  in 
the  Silurian  region  of  England, 
718. 

Irish  drift,  Mr.  T.  M.  Beade  on  the 
classification  of  the,  679. 

Sea,  coast  of  the,  position  of 

boulders  in  drift  along,  450. 

Iron  galls  in  the  ferruginous-mud  beds 
aboye  the  Bhymney  grit,  505. 

Isffia  ?,  86. 

IsaUt,  section  from  Ffemant  Dingle  to 
the  Carboniferous  Limestone  near, 
269. 

Isle  of  Wight,  Gurnet  Bay,  Dr.  H. 
Woodwara  on  the  occurrence  of 
Branckipui  (or  Chwooephahu)  in  • 
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fofnl  itata,  tMoebtad  wkh  £M9»i«. 
fomM  and  with  muiMroas  inmet- 
NmaiiiB»  in  the  Bocene  firmhwater 
(Bwabridce)  Timwtofw  of;  d40. 

life  of  Wi^t,  ideal  Tiew  of  the,  and 
the  acyaoent  land,  212. 

iMpoda,  foonl,  liat  of ,  948. 

JaTarj  and  Bolimgea  riTen,  Braail, 
Mr.  C.  B.  Brown  on  the  Tertiary 
depoeita  on  the,  76. 

, ,  Mr.  B.  Btheridge  on  the 

MoUtvea  collected  bj  Mr.  0.  B. 
Brown  fktMn  the  Tertiaiy  dqtosita 
of,  82. 

Jonei,  Prof.  T.  B.,  and  J.  W.  Kirkby, 
JSiq.,  deecriptaon  of  the  species  of 
the  Oitraoodous  genus  BmrtUa, 
M*Oo7,  from  the  Oarboniferous 
strate  of  Great  Britain,  565. 

Jukes-Browne,  A.  J.,  Esq.,  on  the 
southerlj  extension  of  the  Hessle 
boulder-day  in  Linoolnshire,  2)97. 

Jurua  river,  section  at  GaTi&o  Bar- 
reiras  on  the,  772. 

Eendal  and  Sedbergfa  districta,  Messrs. 

Bonnej  and  Houghton   on    some 

mica-traps  from  tlw,  165. 
• road,  mica-trap  dyke  on  the, 

171. 
gendall,  J.  D.,  Esq.,  on  the  formation 

of  roc^-bamns,  tfoc  104. 
Kenmare,  Killaimey,  and  Olengariff 

districts,  706. 
Bay,  section  from  Mehal  Heed 

to,  710. 

sections.  707,  708. 

Kentmere  ax^  Long  Sleddale,  mica- 
trap  dyke  between,  lYO. 
Kerry,    representatiTe    beds   of    the 

Upper  l^urian  series  in,  and  Mayo 

ancT  Oalway,  715. 
Kersantite,  166. 
Killaries,  section  across  Uie,  from  near 

Lough  Gunnel  to  Eylemcwe,  714. 
Killarney,  Kenmare^  and  Qlengariff 

districts,  706. 
KiUaiT   Harbour,    section   through, 

714. 
Eilmaurs,  section  of  drift-beds  at,  140. 
King-crab,  fossil  {lAmuluM  tyriaeus). 

Dr.  H.  Woodward  on  the  ooeur- 

rence  of  a,  in  the  Cretaceous  forma- 
tion of  the  Lebanon,  554. 
Kington  group,  character  of  the  rocks 

of  the,  660. 
Kirkby,  J.  W.,  Esq.,  award  of  the 

Murohison    Qeolo^pcal    Fund    to, 


Brof.  T.  B.  Jones,  dseorip- 


IVw.  35. 
— ,  and 


tion  of  the  species  of  the  Ostnoo- 
doos  genus  Bcirdia^  M*Ooy,  iram 
the  Osrboniferoos  strata  of  Orsat 
Britain,  565. 

Kirkcudbrightshire  granite-dispersioa, 
the,  431. 

Enockeirky,  section  through,  710L 

Knodcgariil^  section  throiigli,  710. 

Kylemore,  section  from  near  Lough 
Ounnel  to,  714. 

Lake^district,  boulder-ciqiplying  ca- 
pacity of  the,  439. 

f  elstone  boulden  aroond  Bur- 
ton, Shropshire,  442. 

La  ManAe,  Cambrian  rocks  oC  262. 

— ,  DcToman  rooks  of,  264. 

.  Silurian  ro^  of;  26& 

Land-ice  and  floating  ice,  ttAatkt^ 
claims  of,  in  the  tnui^toit  of  boul- 
ders, 425. 

Lamt,  Perak,  tin-dmositB  of;  220. 

Lsvas  of  the  Olyder  Fawr,  North 
Wales,  Mr.  F.  Birtley  on  perlitie 
and  spherulitie  stractnres  in  thc^ 
508. 

Lawley,  characters  of  the  rooks  of  the, 
654. 

,  district  between  the  Wrskxn  and 

the,  characters  of  the  rooks  of  the, 
654. 

Lawreaace  Hill,  lithologioal  and  stra* 
tigraphical  characters  of  the  rocks 
oC6ls. 

,  sections  throo^  648, 6501 

Leamaheltia,  section  through,  714^ 

Lebanon,  Cretaceous  formataonof  the, 
Br.  H.  Woodward  on  the  oeeur- 
rence  of  a  fossil  king-crab  {Lkmrnltu 
9yrtacus)in  the,  654. 

->    Dr.    H.    Woodward    on   the 

disooTCiy  of  a  fossil  SmriiU  in  the 
Cretaceous  deposits  of  liikel  in  the, 
653. 

Le  Cap,  sand-pit  near,  in  Montmartin- 
en-Gndsnes,  257. 

Leda  ?  amhi^m,  A9T. 

Le  Ham,  section  from  Montebomv  ts^ 
252. 

LeptdodiscuM  Ltbtmri,  Mr.  W.  P. 
oladen  on,  a  new  spectes  of  ilgela- 
orinitidjB  from  the  OarbomfiBroas 
series  of  Northumberland,  747. 

Leptorhine  riiinoceroe,  claasiiBeatoiy 
Talue  of;  730. 

Lias  fossils  and  chalk  flints  ananfiiatrd 
with  northern  booldera,  446w 

Library,  additions  to  tfa«,  Proe,  loS. 

lickey  and  Clent  Hills,  probable 
Areniff  bouldeta  around  the,  445. 

LUleahaU  Hill.  Uthokg^  and  stiati. 
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graphieal  charftcten  of  the  rocks  oi, 

Lilieshall  Hill,  section  across  N.B. 
end  of,  646. 
. ,  rocks  from,  668. 

limestone  of  Pole  Hill,  New  Bruns- 
wick, and  of  LlangwjUog  in  Angle- 
sey. 63.         ,.    ,         r    ,  L      I 

:riyer,12,21.:   "  V    ^^'^-> 

Idmuhu  $yriacu9,  544. 

Lincolnsmre,  Mr.  A.  J.  iTukes-Browne 
on  the  southerly  extension  of  the 
Hessle  houlder-daj  in,  397. 

,  East,  map  of  a  part  of,  399. 

Little  Caradoc,  section  across,  657. 

IdTingstone  Creek,  12. 

lianarmon,  section  near,  207. 

Llanddeinicden,  section  near,  686. 

LUmdegai,  section  from  Bangor  station 
to,  690. 

Llanfaelog,  microscopic  structure  of 
rock  from,  307. 

LlangwjUog  in  Anglesey,  limestone  of, 
63. 

Llanhowd  quarry,  Arronian  rocks 
from,  293. 

Lleyn  Promontory,  Pre-Gambrian 
rocks  of  the,  298. 

liwyn-y-grant-nchaf^  section  through, 
477. 

LlynPadam,seetion  onN.E  side  of,315. 

district,  quartz-felsite  &c. 

of  the,  311. 

Loftutia^  Br.  G.  M.  Dawson  on  a  new 
species  of,  from  British  Ck>lumbia,  69. 

■■        coUmincma,  74. 

Loftusia-limestone,  typical,  of  British 
Columbia,  70. 

London  Clay  of  Highgate,  Dr.  H. 
Woodward  on  a  fowil  SguiUa  from 
the,  549. 

Long  Sleddale  and  Eentmere,  mica- 
trap  dyke  between,  170. 

Lncott  Hill,  section  through,  539. 

Ludlow  fossils,  Upper,  Messrs.  Strahan 
and  Walker  on  the  occurrence  of 
pebUes  with,  in  the  Lower  Carboni- 
ferous conglomerates  of  North 
Wales,  268. 

• sandstones,  ferruginous  staining 

of;  605. 

^,Upper,  list  of  fossils  from,  Bhym- 

ney-river  section,  487. 

lAmbriconereites  armatus,  383. 

basalts,  383. 

daciylodus,  380. 

triangnlms,  383. 

Lutraria  ?,  84. 

Lyell  Geological  Fund,  award  of  the, 
to  Prof.  H.  A.  Nicholson  and  Dr. 
H.  Woodward,  Proo,  36. 


Ljrell  Medal,  award  of  the,  to  Prof. 
H6bert,  Proc.  32. 

Macclesfield  Forest,  Eii^cubrightshire 
boulder-dispersion  to.  433. 

,  highest  bonlders  in,  440. 

M'Coy,  Prof.,  award  of  the  Morohison 
Medal  to,  Proe,  31. 

Mackintosh,  D.,  Esq.,  results  of  a  syv- 
tematio  surrey,  in  1878,  of  the  di- 
rections and  limits  of  dispersion, 
mode  of  occurrence,  and  relation  to 
drift-deposits  of  the  erratic  blocks 
or  boulders  of  the  west  of  England 
and  east  of  Wales,  including  a  re- 
yision  of  many  years'  pre?ious  ob- 
seryations,  425. 

Malayan  peninsula,  Mr.  P.  Doyle  on 
some  tin-deposits  of  the,  229. 

Maltese  islands,  geology  of  the,  517. 

,  Miocene  teds  of  the.  Prof.  A. 

L.  Adams  on  remains  of  Mastodon 
and  other  Yertebrata  of  the,  517. 

Mammal  fW)m  the  Stonesfleld  slate, 
Prof.  H.  G.  Seeley  on  a  femur  and 
a  humerus  of  a  sinall,  456. 

Mammals,  diminutiye,  of  the  Purbeok 
Shales,  Prof.  B.  Owen  on  the  asso- 
ciation of  dwarf  crocodiles  with  the, 
148. 

Mammalia,  Maltese  fossil,  523. 

,  Pleistocene,  notes  on  the,  of  the 

CreeswellCaTes,729. 

— ,  prehistoric  and  historic,  of 
Mother  Grundy's  Cave,  Cresswell 
crags,  731. 

Mammaliferous  deposit,  Ber.  O. 
Fisher  on  a,  at  Barringtou,  near 
Cambridge,  670. 

Mammoth,  Prof  W.  B.  Dawkins  on 
the  range  of  the,  in  space  and  time, 
138. 

'—  in  Siberia,  Mr.  H.  H.  Howorth 
on  the,  Proc,  i. 

,  range  of,  in  Europe,  Asia,  and 
America,  143. 

— -,  relation  of,  to  Indian  elephant, 
145. 

Maniwa,  section  at,  on  the  Puma 
river,  771. 

Mano  Piedra,  basalt  from.  589. 

Mapof  a  part  of  Bast  Lincolnshire, 

of  St.   David's  Head  and  the 

neighbouring  parts  of  Pembroke- 
shire, 285. 

^—  of  the  Cardiff  Silurian  district, 
476. 

—  showing  the  Pre-Cambrian  rocks 
in  Anglesey  and  Caemaryonshire, 
297. 
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IfATch  grarel  of  Oambridge  and  Iin« 

coin,  416. 
Harden   Hill,  Mction  fr<»n,  to  Eaflt 

Fm,406, 
KarMigo  Greek,  leetion  from,  to  the 

Snowj  Birer,  aoroBs  the  Wombaigo 

Mountain,  21. 
Market  Dra3rton,  Crifiel  boulders  at, 

435. 
Mastodon,  Prof.  A.  L.  Adams  on  re- 
mains of,  and  other  Yertebrata  of 

the  Miocene  beds  of  the  Maltese 

islands,  517. 

anausHdtnt,  5i2S. 

MaTifnilian  Creek,  section  of  group  of 

beds  at,  2a 
Mayo    ai^   Ghdway,  comparison    of 

Dingle  beds  with  sections  in,  712. 
—  ,  repreeentatiTC  beds  of  the 

Upper  Silurian  series  in,  715. 
MMahaaurus  huckUmdi,  Mr.  J.  W. 

Hulke  on,  233. 
Mehal  Head,  section  from,  to  Ken- 
mare  Bay,  710. 
Meiarth,  section  through,  697. 
Melania  bicarinaia^  88. 
-^— sext^nmiies,  88. 

tricarinata^  87. 

Melanopns  ?  Brownu,  87. 
Melbourne,  North  America,  serpentine 

of,  59. 
Melitosaurus  ohampsoides,  527. 
Hello,  BeT.  J.  M.,  and  Prof.  W.  B. 

Dawkins,  further  disooTories  in  the 

Oreaswell  Oaves,  724. 
Henai  Bridge,    rook-specimen   from 

near,  313. 
— ,  section  from,  toBryniaa 

Bangor,  687. 
— —  Straits,  section  seen  along  shore 

of,  between  Garth  Point  and  Oozed 

Gith,  Bangor,  688. 
H^amorphic  series  between  Twt  Hill 

(Caemarron)  and  Port  Dinorwig, 

ihrof.  T.  G.  Bonney  and  Hr.  F.  T. 

8.  Houghton  on  the,  321. 
— of  Shetland,  780 ;  intrusire 

igneous  rooks  in  the,  782. 
Hica-traps  from  the  Kendal  and  Sed- 

bergh  aistricts,  Messrs.  Bonney  and 

Houffhton  on  some,  165. 
Hidfora  sands.  Prof.  J.  Buckman  on 

the,  736. 
•>— ,  section  of  Oolites  at,  738. 
Hill  Core,  section  through,  702. 
Hinard  Head,  section  from  Brandon 

Head  to,  704. 
Hineral  Teins,  a  contribution  to  the 
histoiT  of,  by  Hr.  J.  A.  Phillips, 
890 
Hinette,  166. 


Hiocene  beds  of  the  Maltese  Hlasdi, 
Profl  A.  L.  Adams  on  remains  gf 
Mastodon  and  other  Tertefarata  d 
the,  517. 

rocks  of  North  Gippaland.  3a 

Mitchell  rirer,  section  across,  near 
Tabberabbera,  25. 

Modiolopsis  acuHpron,  496. 

t»,^a^496. 

Moel  Fema,  section  throng,  207. 

Fodia,  list  of  fossils  from  Upper 

Denbigh  flags  oi,  694. 

Oanol,  section  throu^  695. 

Try£sen   district,  quartz<^dsite 

&c.  of  the,  310.  3ia 

Hoitun-Oreek  beds,  North  Gipp^ad, 

34. 
Hdlusoa,  Hr.  B.  Etheridge  on  the. 

collected  by  Hr.  C.  B.  Brown  from 

the  Tertiaiy  deposits  of  Solimoesaod 

Javary  rivers,  Brazil,  82. 
Houte  Alegr^  section  at,  765. 
Hontebounr,  section  from,  to  Le  Ham, 

252. 
Hontmartin-en-Graignea,     sand  -  p^ 

near  Le  Cap  in,  257. 
Horaiuic  deposits  of  Shetland.  dOa 
Hother   Grundy's  Pariour,  CreaswcQ 

Crags,     prehistoric     and   historie 

Hammalia  of,  731. 
—— ,  Pleistocene  6tuna  ot 

729. 
Hount-Tambo  beds,  section  across  the, 

31. 
Huck,  Lough,  section  throu^  714. 
Hurchison  Geological  Fund,  award  of 

the,  to  Hr.  J.  W.  Kirkby,  iVw?.  35. 

Hedal,  award  of  the,  to  Praifl 

H'Coy,  /¥«?.  31. 

Murchiimia  corpulenta,  499. 

eleganSf  499. 

Huseum,  additions  to  the,  Proe,  183. 
Hweelres,  section  through,  714. 
Nylwbatis,  88. 
toliapbua,527. 

Nanhoron  quarries,  microsoopie  stnae^ 
ture  of  rock  from,  3U6. 

Nannosuchus,  148. 

Nar-Tslley  beds,  416. 

Natica?,  85. 

Native-Dog  Creek,NorthGipp6]and3. 

,  contorted  schists  at,  22. 

NecroaciUa  Wilsoni,  Dr.  H.  Woodward 
on,  a  supposed  SUnnapod  cniata- 
cean,  from  the  Hiddle  Coal-mea- 
sures, Coesall,  near  Ilkestoo,  56L 

NereitUwu*  aolUcrius,  385. 

-  varians,375. 
Neritina  puncta,  85. 
ricsoc,  85* 
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Keyada,  hot  springs  in,  391. 

^ew  Brunswick,  role  Hill,  limestone 

of,  63, 
Ifiagara  formation,  sponges  from  the, 

61. 
and  Clinton  groups,  annelid-jaws 

from  the,  381. 
Ificholson,  Prof.  H.  A.,  award  of  the 

Lyell  G^logical  Fund  to,  Proe.  36. 
— ,  and  Mr.  R.  Etheridge,  jun.,  on 

Palaeozoic   Corals   from    Ilforthem 

Queensland,  with  obserrations  on 

the  genus  Sienopordf  Proc.  107. 
Kormandj,  Mr.  W.  A.  B.  Ussher  on 

the  TriaMic  rocks  of,  and  their  en- 

yironment0,  245. 
Northern    boulders,   extent  of   area 

strewn  with,  430. 
Korth  Gippsland,  granites  of,  16. 
KorthmaTine,    section    across,    from 

Ockren  Head  to  Skea  Ness,  788. 
IJorthumberland,  Mr.  W.  P.  Sladen 

on  a  new  species  of  Agelacrinitidje 

from  the  Carboniferous  of,  744. 
Uorthwicb,  section  of  New  Victoria 

Salt  Compan/s  shaft  at,  141. 
Norwich,  Mr.  H.  B.  Woodward  on  a 

disturbance  of  the  Chalk  at  Trowse, 

near,  Proc.  106. 
I^oUdanus  primigenius,  528. 
^oyaculite,  159. 

Oaktrow,  unisynclinal  curve  in  Hang- 
man beds,  near,  537. 

Oare,  Withycombe  Farm  near,  sec- 
tion north  and  south  through, 
540. 

Ockren  Head,  section  from,  to  Skea 
Ness,  788. 

Octeville,  section  through,  249, 

Odostomia,  sp.,  86. 

(EnanUes  amplus,  382. 

?  carinatus,  377. 

compactus,  384. 

cwtetUus,  377. 

curvidetu,  376. 

fragUU,  382. 

fskBrntalis,  376. 

?  irtfrequ€9u,  382. 

rostratus,  376. 

serraius,  376. 

Old  Bed  Sandstone,  relations  of  the 
Cardiff  Silurians  to  the,  489. 

,  Glengariff  series,  and 

Carboniferous,  plan  and  sections 
showing  the  relations  of  the,  in  the 
S.W.  of  Ireland.  713. 

,  relaUons  of  the,  to 

the  Dingle  beds,  &c.,  719. 

of  Shetland,  yertical 


section  of,  784. 
Q.  J.  G.  S.  No.  140. 


OliTine  and  augite,  diorite  contain- 
ing, 639. 

Omeo,  section  and  ground-plan  of 
argillaceous  and  crystalline  schists 
near,  15. 

plains,  12. 

Omitnopsis,  752. 

Oroaeris,  95. 

haldanensis,  92. 

Orr's  Creek,  Dargo  Flat,  section  show- 
ing contact  of  granite  and  Silurian 
at,  18. 

Orthonotus  navicula,  496. 

Oslmcodous  genus  Bairdia^  Prof.  T. 
R.  Jones  and  J.  W.  Kirkby,  Esq.,  on 
the  species  of  the,  from  the  Carbo- 
niferous strata  of  Great  Britain, 
565. 

Otobates  subconvexus,  527. 

Owen,  Prof.  R.,  on  the  association  of 
dwarf  Crocodiles  {NannoiMchus  and 
Theriosiwhua  pusilltis^  e.  g.)  with 
the  diminutiye  mammals  of  the 
Purbeck  Shales,  148. 

,  on  fragmentary  indications  of  a 

huge  kind  of  Theriodont  reptile 
(Tvanosuchus  ferox,  Ow.)  from 
Beaufort  West,  Gouph  Tract,  Cape 
of  Good  Hope,  189. 

,  on  the  Endothiodont  Reptilia, 

with  evidence  of  the  species  JEndo^ 
thwdon  uniseries,  Ow.,  557. 

Owenalondrig  riyer,  section  through, 
704. 

Pachydon  tenua,  83. 

Pacbytheca  sphaerica,  499. 

Palaeozoic  districts  of  West  Somerset, 
Messrs.  Charapemowne  and  Ussher 
on  the  structure  of  the,  532. 

fossils  associated  with  serpen- 
tine and  other  hydrous  silicates, 
58. 

,  Dr.  J.   W.   Dawson  on, 

mineralized  with  silicates,  48. 

rocks,  Lower,  of  North  Gipps- 

Und,  8. 

1  Upper,  of  North  Gipps- 
land, 20. 

Pale  Hill,  generalized  section  from, 
to  Bala  Lake,  201. 

Paludestrina,  86. 

Pandy,  section  through,  478. 

Pare  y  gors,  section  through,  686. 

Parkmore-point  Conglomerate,  706. 

Parlour  Caye,  grouud-plan  and  sec- 
tions of  the,  725-728. 

Peach,  B.  N.,  Esq.,  and  John  Home, 
Esq.,  on  the  glaciation  of  the  Shet- 
Umd  Isl&s  778. 

Pebas,  Tertiary  cliffs  at,  81. 

3k 
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Pebidian,  Dimetaan,  and  Aironian 
rooks  in  OaemarronBhire  and  An- 
glesey, 286. 

Peckforton  hills,  Cumberland  boulders 
on  the,  441. 

and  Delamere  hills,  Kirkcud- 
brightshire boulder-dispersion  orer, 

Pembrokeshire,  Br.  H.  Hiobi^  on  a 
new  group  of  Pre-Cambrian  rocks 
in,  285. 

,  Mr.  T.  Davies  on  the  mioroeoo- 

pical  structure  oi  some  Arvonian 
rooks  from,  291. 

Penbrjn,  miorosoopio  structure  of 
rook  from,  907. 

Pen-j-lan,  Bhymney,  and  Cardiff,  Mr. 
W.  J.  Sollas  on  the  Silurian  dis- 
trict of,  476. 

,  fossils  from,  479. 

Hill,  structure  of;  477. 

Pen-TT-heol,  section  through,  478. 

Perak,  tin-deposits  of,  229. 

Perlitic  and  spherulitic  structures, 
Mr.  F.  Butley  on,  in  the  Utss  of 
the  Gljder   Fawr,  North  Wales, 

5oa 

Pemambuoo,  Mr.  J.  C.  Bawkshaw  on 

the  consolidated  beach  at,  289. 
,  section   oppoeita   the   Marine 

Arsenal  at,  2^. 
Phillips,  J.  A.,  Bsq.,  contribution  to 

the  nistor^  of  mineral  veins,  390. 
Pkoca  ruffostdens,  524. 
Pkricacantkus  biaeriaUs,  186. 
Pizton  Park,  section  through,  534. 
Plan    of  aphanitio  dyke  at    Sandy 

Creek,  Tambo  river,  14. 

of  quarry  above  Yscubonren, 

Caernarvon,  684. 

of  the  Wrekin  diain,  65a 

of  the  Parlour  Cave,  Cresswell 

Crags,  725. 

-  showing  the  relations  of  the 
Glengariff  series,  Old  Bed  Sand- 
stone and  Carboniferous,  in  the 
S.W.  of  Ireland,  7ia 

and  section  of  argillaceous  and 

crystalline  schists  near  Omeo,  15. 
Plant-remains  in  the  Upper  Silurian 

of  the  S.W.  of  Ireland,  717. 
Plants,  fossil,  collected  in  Shetland  by 

Messrs.  Peach  and  Home,  811. 
Platax  Woodwardi,  529. 
Pleistocene  and  Becent   deposits  of 

North  Gippsland,  34. 
history  of  Cornwall,  Mr.  W.  A. 

E.  Ussher  on  the,  Proe,  6. 
Mammalia,  notes  on  the,  of  the 

Cresswell  Caves,  729. 
— -  notes  on  the  Cornish  coast  near 


Padstow,  by  Mr.  W.  A.  BL  Usdisr, 

Proe.  5. 

PUurodus  afimu,  Mr.  J.  W.  Davis  oa, 
and  description  of  three  spines  of 
Cestradonts  from  the  Lower  Coal- 
measures,  181. 

Pliocene  of  North  Oippeland^  34. 

PmkUoplmtttm  BticJUamdi,  Mr.  J.  W. 
Hulke  on,  identifying  it  with  Mma- 
lo8anru8BiiekUmdi^23S, 

Pole  Hill,  New  Brunswick  Mm^^^rtM 
of,  63. 

Polygnathus  eoromatua,  365. 

eromis,  365. 

crufofiis,  366. 

?  curvaiut,  see, 

<Wit«,362. 

tUtpHcatw,  d&L 

?  erientU,  366. 

immefms^  ^54. 

UnffutfarmiB,  9S7, 

palmatms,  367. 

pemuttui^Bm. 

prwcqa,  365. 

pimeiaius,  dffi, 

radiaiut,3M. 

?«mi/M,365, 

?  SMMpler,  367. 

8olidM8,3e5. 

trunoatus,  366, 

Mercmiafyu,a66. 

Pont-i-la-Yieille,  section  from,  to  Va- 

lognes,252. 
Pont-de-Six,  section   from   Yalognea 

towards,  252. 
Pontuchaf,  section  trough,  696. 
Porphyries  of  Snowy  Sver,  North 

Gi^eland,20. 
Port  Dinorwig,  microscopic  stmcturs 

of  rock  from,  306. 
,  and  Twt  Hill  (Caerasr- 

von),    Pro£    T.    O.    Booney   and 

Mr.  F.  T.  S.  Houston  on  the  me- 

tamorf^ic  series  between,  S21. 
Porto  do  Aleagre,  section  at,  769i 
Portugal,  Dr.  C.  P.  Sheibner  oo  Foy- 

aite,  an  elssolitic  syenite  oocuninf 

in,  42. 
Potosi  (Yenexuela),   altered    gabbro 

from,  588;  altered  dolerits  from, 

590. 
Pre^^ambrian  rocks,  Dr.  H.  Hicks  on 

a  new  group  oC  in  Pembrokesbif«, 

285. 
(Dimetian,  Arvonian,  and  Pe- 

bidian)  rooks.  Dr.  H.  Hicks  on  the, 

in  Caernarvonshire  and  Anglesey, 

295. 
rocks  in  Anfflesey  and  Oiemar- 

vonshire,  map  utowing  the,  297. 


Digitized  by 


Google 


eSNBRAL  IKBBX. 


831 


Pre-Oambrian  rocln  of  Oaemarron, 
further  obferyations  on  the,  by  Prof. 
T.  MoK.  Hughes,  682. 

of  Shropshire,  Mr.  C.  Cal- 
laway on  the :  Part  I.,  643. 

Primrose  Hill,  characters  of  the  rocks 
of,  652. 

,  gneisses  of,  666. 

,  section  through,  660. 

PricnioduB  abbreviaiu9f  ^9. 

aoicalaris,  360. 

?  qUUus,  361. 

angulatus,  360. 

armatus,  360. 

clavatus,  360. 

eUgans,  358. 

erraticus,  369. 

/i*rca^i«,  368. 

Panderi,  361. 

?politu$,  S5S. 

—  radioanSf  366. 

tpicatus,  361. 

Paettdolacuna  macroptera^  86. 
Puerto  de  Tablas,  syenite  from,  690. 
Purbeok  Shales,  Prof.  B.  Owen  on 

the  association  of  dwarf  crocodiles 

with  the  diminutire  mammals  of 

the,  148. 
Purley  Park,  near  Atherstone,  diorite 

containing  augite  and  olivine  from, 

639. 
Purus  riyer,  section  at  Maniwa,  on 

the,  771 ;  in  the  Beruiy  CUff,  772. 

Quacipata,  gneiss  from,  688. 

Quantocks,  traTerae  across  the,  to 
Oannington  Park,  644. 

Quarts-fekite,  Prof.  T.  G.  Bonnej  on 
the,  and  associated  rocks  at  the  base 
of  the  Cambrian  series  in  North- 
western Caemarronshire,  309. 

Qoartates  of  Shropshire,  666. 

Queensland,  North,  Mr.  B.  Stheridge, 
jun.,  on  a  collection  of  fossils  from 
the  Bowen-river  coal-field  and  the 
limestone  of  the  Fanning  rirer, 
Proe.  loi. 

— , ,  Prof.  Nicholson  and  Mr. 

B.  Etheridge,  jun.,  on  PalsMWoic 
corals  from,  Proc,  107. 

Badiating  boulder-dispersions,  causes 

of,  429. 
Bagleth,  rock  from,  668. 

Hill,  character    of  the  rocks 

of,  669. 

Beade,  T.  M.,  Esq.,  on  a  section  of 
Boulder-clftT  and  gravels  near  Bally- 
galley  Head,  and  an  inquiry  as  to 
uie  proper  classification  of  the  Irish 
drift,  679. 


Becent  and   Plmstocene  deposits  of 

North  GHppsland,  34. 
"  Beef  "  at  Pemarabuco,  239. 
Beid,  Clement,  Esq.,  on  the  glacial 

deposits  of  Cromer,  Proe.  105. 
Beptilia,  Bndothiodont,Prof.R.  Owen 

on  the,  with  evidence  of  the  species 

Endothiodon  uniaeries,  Ow.,  667. 

,  Maltese  fossU,  627. 

Bhlnoceros,  leptorhine,  olassificatory 

value  of,  730. 
RkmocetoM  lep(orhmuSt  730. 
Bhymnej  and  Pen-v-lan,  Cardiff,  Mr. 

W.  J.  Sollas  on  the  Silurian  district 

of,  476. 

Bridge,  section  from,  to  Cocd- 

y-cwarel,  478. 

hills.  Silurian  of,  477. 

quarry,  fossils  from  the  Ctmo- 

donta-heamt,  482;  section  exposed 

at,  481. 

railway,    section    along    the, 

from  the  Starting  House,  Heath 
Farm,  to  the  edge  of  the  southern 
escarpment  of  the  Welsh  coal-basin, 
490. 

Bhyolites  of  Shropshire,  663,  666. 

BibeinSs,  Braiil,  fossiliferous  Tertiary 
cliffs  at,  78. 

Biver  Lune,  mica-trap  dyke  in,  south- 
west of  Sedbergh,  174. 

Boch  Castle,  Arvonian  rocks  from,  291 . 

Bock-basins,  Mr.  J.  D.  Kendall  on  t^e 
formation  of,  Proe.  104. 

Bock-forming  materials,  332. 

Bocks,  classification  of  component 
parts  of,  331. 

of  dissimilar   origin,  Mr.    F. 

Butley  on  community  of  structure 
in,  327. 

Boeness,  section  through,  788. 
Buddy,  Mr.  Thomas,  on  the  upper 

part  of  the  Cambrian  (Sedffwick) 

and  base  of  the  Silurian  in  North 

Wales,  200. 
Buthin,  section  across  Silurian  rocks 

west  of,  696. 
Butley,  F.,  Esq.,  on  community  of 

structure    in   rocks    of  dissimilar 

origin,  327. 
,    on    perlitic    and    spherulitic 

structures  in  the  lavas  of  tne  Glyder 

Fawr,  North  Wales,  608. 

St.  David's,  Arvonian  rocks  at,  29S. 

Head,  sketch  map  of,  286. 

St.     Martin     d*Audouville,     section 

through,  249. 
St.  Paul,  Brasil,  Tertiary  cliffs  near, 

77,7a 
Salrock,  section  through,  714. 


Digitized  by 


Google 


832 


GENERAL  HTDSX. 


Sandy  Credk,  Tambo  rirer,  tfction 
and  ground-plan  of  aphanitic  dyke 
at,  14. 

SoandinaTian  ice,  Shetland  glaciated 
by,  806. 

Sohuts,  metamorphie  OTstalline,  of 
North  Oippdand,  11. 

,  aeotion  of  argillaoeoiu  and  aya- 

taUine,  near  Omeo,  15. 

SooUand,  mammoth  pregladal  in, 
139. 

,  Lower  Oarboniferous  of,  annelid- 

jawa  from  the,  386. 

y  Lower  Garboniferoua  or  Oalci- 

feroua  Sandiitone  aeriee  of,  Mr.  B. 
Ktheridge,  jun.,  on  the  occurrence 
of  the  genua  Ditkyrocaris  in  the,  and 
on  that  of  a  aeoond  apedes  of  A»- 
tkrapal^mon  in  theae  beds,  464. 

Soottiah  Qreenatone  boulder-diaper- 
8ion,438. 

Serubby  Greek,  aeotion  through,  31. 

Section  aero»  the  Auatralian  Alpa  in 
North  CKppaland,  6 ;  from  the 
Snowy  Bluff  to  Delegete  Hill,  North 
Qipp^nd,  12;  of  aphanitic  dyke 
at  Sandy  Creek,  Tambo  river,  14 ; 
of  argillaceoua and  crystalline  achitta 
near  Omeo,  15 ;  showing  contact  of 
mnite  and  Silurian  at  Orr's  Greek, 
Dargo  FUt,  18;  from  Marengo 
Greek  to  the  Snowy  riyer,  acroaa 
the  Worn bargo  mountain,  21 ;  acroaa 
the  MitobelT  river,  near  Tabber- 
abbera,  25;  of  group  of  beda  at 
Maximilian  Greek,  28;  of  the 
Snowy  Bluff,  29 ;  acroaa  the  Mount* 
Tambo  beda,  31 ;  of  the  Foya  dia- 
triot,  46 ;  of  drift-beds  at  Kilmaura, 
140;  of  New  Victoria  Salt-Com- 
pany's shaft,  Northwich,  141 ;  from 
Bala  Lake  to  Pale  Hill,  201  ;  near 
Gelligrin,  aouth  of  Bala  Lake,  203 ; 
in  i^weni  Wood,  north  of  the 
Dee,  205;  near  Cwm-yr-Aethnen, 
205;  at  Gefn-bwlan,  206;  aouth- 
weat  of  Corwen,  207 ;  between 
Highcliff  and  Hengistbury  Head, 
restored,  210 ;  weetem  termination 
of  the  Bournemouth  marine  aeriea, 
225;  in  Alum  and  Whitediff  Baya, 
226 ;  opposite  the  Marine  Araenal, 
Pemambuoo,  239;  from  Valognea 
by  Hubenrille  and  St.  Martin  d'Au- 
douTilIe  to  Grasrille,  249;  from 
Valognea  to  Pont-A-la-Vieille,  252 ; 
of  gravel-and-aand  pit  weat  of 
Valognee,  north  of  Yvetot,  252 ; 
from  Valognea  towarda  Pont-de- 
Six,  252 ;  from  Montebourg  to  Le 
Ham,  252 ;  of  sand-pit  near  Le  Cap 


in  Mofitinartin-«n-Oraigiiea,  297; 
from  Ffemant  Dingle  to  the  Oufo- 
niferoua  limeatone  near  laalk.  369; 
from  near  Trei^zam  Bridge  to  tht 
north  of  Ford  Bridge  on  the  raid 
from  Harerfbrdweat  to  Fishgaard, 
288 ;  on  N  J£.  side  of  liyn  Pkdin. 
315 ;  of  pit  to  NJL  of  mBunit  d 
Twt  HUl,  321;  from  Maiden  HiU 
to  East  Fen,  405;  from  West  Fea 
to  Eaat  Fen,  405;  from  Ty-y-eyw 
to  Coed-y-gorea,  477 ;  from  Kliyiiffl«y 
BridgetoGoed-y-cwarel,478;  akog 
the  Bhymney  railway,  from  tke 
Storting  Houae,  Heath  Farm,  to  the 
edge  of  the  aouthem  eecanwMit  of 
the  Welah  ooal-baan,  490;  north 
and  aouth  through  Culbone,  539; 
fr^m  Hulrerton  Hfll,  war  Dol- 
verton  Station,  n<xthwaidi  to 
Wheddon  Groaa,  and  thence  to 
Timberaoombe,  534;  north  aad 
aouth  through  Withycombe  Fun, 
near  Care,  540 ;  from  AsbbriUie  to 
Glatworthy  in  the  Tone  Talley,  5iO; 
aoroM  N.E.  end  of  LilMiaU  HOI, 
646;  throu^Lawrenee  Hia^; 
acroaa  the  Wrekm,  649;  of  the 
Wrekin  chain,  650 ;  across  little 
Garadoc  and  valley  to  the  south- 
east, 667;  acroaa  Caer  Camdof 
towarda  ita  aouth-weet  end,  657; 
of  the  northern  end  of  Barrinfloo 
Pit,  671 ;  in  gravel-pit  war  Bdly- 
mdley  Head.  679;  of  Twt  HiU 
Oaernarvon,  683;  N.K.  of  Tut 
Hill,  Caernarvon,  683;  at  cparry 
above  Yacuborwen,  Cbemarroo, 
683;  at  north-«aat  end  of  VM 
Quarry.  Twt  Hill,  685;  near  LUa- 
deiniolen,  686 ;  from  Menai  Bridge 
to  Bryniau  Bangor,  687 ;  seeoakiii^ 
ahore  of  Menai  Straits  betweeoOarth 
Point  and  Gored  Gith,  Buigor ,  688 ; 
from  road  near  Glan  Adda,  \  mik 
S.W.  of  Bangor  Station,  doe  S. 
acroaa  Bryniau,  690 ;  in  quarry  oa 
top  of  hill  between  Yacaborweo  and 
Tygwyn,  Caernarvon,  691 ;  aoro» 
Silurian  rocka  of  W.  of  Bothin, 
695 ;  along  the  upper  part  of  the 
Clwydvalley,697;  along  the  weeteea 
ooaat  of  Din^e  Prom<mtorT.  sbovia; 
the  connexion  of  the  Dingle  beds 
with  the  foaailiferoua  Silurian  belov, 
702;  acroaa  the  Dingle  Promootoiy 
frt>m  Brandon  Head  to  Uinard 
Head,  ahowing  the  unconfoTnity 
of  the  Old  Bed  Conglomcnte  to 
the  Upper  Silurian  and  Diagl* 
beda,  Ac.,  704 ;  in  the  TWuUa  livtr 
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near  Sneem,  showme  junction  of 
Carboniferous  and  Glengariff  beds, 
709 ;  from  Mahal  Head  to  Kenmare 
Bay,  710 ;  showing  the  relations  of 
the  Glengariff  series.  Old  Bed  Sand- 
stone, and  Carboniferous  in  the 
8.  W.  of  Ireland.  713 ;  across  the 
Killaries,  from  near  L.  Cunnel  to 
Kylemore,  714 ;  of  Tolcanio  beds  in 
the  hills  west  of  the  rijer  Flesk, 
near  Lough  Atboonyastooka,  716 ; 
of  the  Parlour  Care,  725;  in 
Cresswell  Oayee,  725,  726,  727. 
728 ;  diagrammatic,  across  the  Tal- 
ley  of  the  Amazon,  763,  775 ;  of 
part  of  the  Barreiras  of  Monte 
Alegr6,  765 ;  at  Porto  do  Aleagre, 
769 ;  or  Abeila  Cliff,  below  Jamary. 
770;  at  Maniwa,  on  the  Purus 
river,  771;  in  tlie  Berury  Cliff, 
Purus  river,  772;  at  Gaviao  Bar- 
reiras, Jurua  river,  772;  vertical, 
of  Old'Bed-Sandstone  strata  on  east 
side  of  Shetland.  784 ;  across  North- 
mavine  from  Ockren  Head  to  Skea 
Ness,  788. 

Sedbergh  and  Kendal  districts,  Messrs. 
Bonney  and  Houghton  on  some 
mica-traps  from  the,  165. 

,  mica-trap  dykes  near,  174. 

Sedimentary  rocks,  characters  of,  336 

Seeley,  Prof.  H.  G.,  on  the  evidence 
that  certain  species  of  IckthyosaurM» 
were  viviparous,  Proc.  104. 

,  on  a  lemur  and  a  humerus  of  a 

small  mammal  from  the  Stonesfield 
slate.  456. 

.  on  the  Dinosauria  of  the  Cam- 
bridge Greensand,  591. 

Serpentine  of  Lake  Chebogamong,  58. 

of  Melbourne,  Norm  America, 

59. 

,  PaUeoKoic  fossils  associated  with, 

58. 
Severn  vallev,  Eskdale-  and  Criffel- 

granite  pebbles  in  the.  443. 

and  Wye  district.  Upper  Silu- 
rian series  of  the,  718. 

Sheibr.er,  C.  P.,  Esq.,  on  Foyaite.  an 
elaeolitic  syenite  occurring  in  Por- 
tugal, 42. 

Shet&nd  Isles,  Messrs.  Peach  and 
Home  on  theglaciation  of  the,  778. 

,  list  of  fossil  plants  col- 
lected in  the,  811. 

Shropshire,  Mr.  C.  Callaway  on  the 
Pre-Cambrian  rocks  of:  Part  I., 
643. 

,  position  of  boidders  in  drift  in. 

450. 

rocks,     Prof.    T.     G.    Bonney 


on    the    microscopic    structure  of 

some,  662, 
Shrubsole.  G.  W.,  Esq.,  on  the  British 

Carboniferous  FenestellidsB,  275. 
Siberia,  Mr.  H.  H.  Howorth  on  the 

mammoth  in.  Vroc,  i. 
Silicates,    hydrous,  Palasozoio  fossils 

associated    with    serpentine     and 

other,  58. 
Silurian,  annelid-jaws  from    the.  of 

Canada,  370. 
district,  Mr.  W.  J.  Sollas  on  the, 

of  Bhymney  and  Pen-y-lan,  Cardiff. 

475. 
,  Mr.  T.  Ruddy  on  the  upper  part 

of  the  Cambrian  and  base  of  the,  in 

North  Wales,  200. 

of  La  Manche,  263. 

of  North  Gippsland,  8, 

rocks,  Prof.  T.  M'K.  Hughes  on 

the,  of  the  valley  of  the  Clwyd, 

694. 
,  section  across,  of  W.  of 

Ruthin,  695. 
series.  Upper,  of  the  south-west 

of  Ireland,  relations  of  the,  to  those 

of  the  Silurian  region  of  England. 

718. 
, .  representative  beds 

of  the,  in  Kerry,  and  Mayo  and 

Galway,  715. 
Silurians,  Cardiff,  relations  of  the,  to 

the  Old  Red  Sandstone,  489. 
Skea  Ness,  section  from  Ockren  Head 

to,  788. 
Sladen,  W.  P.,  Esq.,  on  Lepidodiscvs 

Lehouri,  a  new  species  of  Agelacri- 

nitidse  from  the  Carboniferous  series 

of  Northumberland,  744. 
Smerwick  beds,  703. 
Sneem,  plan  and  section  in  theTahilla 

river,  near,  709. 

,  section  at,  708. 

Snowy  Bluff,  section  of  the,  29. 
,  sketch  section    from,    to 

Delegete  Hill,  12. 
river,    North   Gippsland,   12; 

porphyries  of,    20;    section   from 

the,  to  Marengo  Creek,  across  the 

Wombargo  mountain,  21 . 
Solim53S  and  Javary  rivers,  Brazil, 

Mr.  R.  Etheridge  on  the  Mollusca 

collected  by  Mr.  0.  B.  Brown  from 

the  Tertiary  deposits  of,  82. 
,  Mr.  C.  B.  Brown  on  the 

Tertiary  deposits  on  the,  in  Brazil, 

76. 
Sollas,  W.  J.,  Esq.,  on  some  three-toed 

footprints  from  the  Triassio  conglo- 
merate of  South  Whiles,  511. 
,    on    the    Silurian    district    of 
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Btmnnej  and  Pen-74an,  Cudiff; 

SomefBot,  WeAt,  'Memts.  Champer- 
nowne  and  Uasher  on  the  struoture 
of  the  Pal»OEoic  districU  of,  532. 

8orbj,  Br.  H.  O.,  Addrew  on  pre- 
senting the  Wollaston  Gold  Medal 
to  Prof.  BaniBaj  for  traosmiMion 
to  Prot  B.  Studer,  Proe,  31 ;  Ad- 
dreM  on  handing  the  Kurchison 
Medal  to  Prof.  Morris  for  trans- 
mission  to  Prof.  MOoy,  31 ;  Ad- 
dress on  handing  the  LycU  Medal 
to  Mr.  W.  W.  Smyth  for  trans- 
mittion  to  Pruf.  £.  Hubert,  32; 
Address  on  handing  the  Bigsbj 
Medal  to  Prof.  Seel^  for  trans- 
mission to  Prof.  E.  V.  Cope,  33; 
Address  on  handing  to  Prof.  Bon- 
ney  the  balance  of  the  proceeds  of 
the  Wollaston  Donation  Fund  for 
transmission  to  Mr.  S.  Allport,  34 ; 
Address  on  handing  to  Dr.  H. 
Woodward  the  bahinoe  of  the  pro- 
ceeds of  the  Murchison  Fund  for 
transmission  to  Mr.  J.  W.  Kirkbj, 
35 ;  Address  on  handing  to  Prof. 
Judd  a  moietj  of  the  balance  of 
the  Lyell  Gkological  Fund  for 
transmission  to  Prof.  H.  Alleyne 
Nicholson,  36 ;  Address  on  pre- 
senting to  Dr.  H.  Woodwara  a 
moiety  of  the  proceeds  of  the  Lyell 
Fund,  37.  Obituary  Notices  o/De- 
ceased  Feflaws^  Ac. : — Sir  Bicbard 
John  Griffith,  39;  Mr.  Bobert 
Harkness.  41 ;  Bev.  W.  B.  Clarke, 
44 ;  Dr.  Thomas  Oldham,  46 ;  Mr. 
Thomas  Belt,  48 ;  Bartolomeo  Cbs- 
Uddi,  50;   Mr.  Bicbard  Daintree, 

Ji;  Mr.  Thomas  Sopwith,  53 ;  Mr. 
.  G.  Sawkins,  C4;  Mr.  John  Samuel 
Dawes,  54.  Address  on  the  Struc- 
ture and  Origin  of  Limestones, 
56-95. 

South  America,  Prof.  T.  G.  Bonney 
on  some  rocks  irom,  588. 

South-American  geology,  a  contribu- 
tion to,  by  Mr.  G.  AUwood,  582. 

South-Scarle  section,  Mr.  B.  Wilson 
on  the,  812. 

Sphierodus,  fossil,  of  Malta,  529. 

Spherulitio  and  perlitic  structures, 
Mr.  F.  Butley  on,  in  the  lavas  of 
the  Glyder  Fawr,  ISorth  Wales, 
508. 

Sponges  from  beds  of  the  Niagara 
formation,  51. 

Squalidse,  fossil,  of  Malta,  528. 

Squalodon,  sp.,  from  Malta,  525. 

SguUla,  Dr.  H.Woodward  on  a  fossil. 


from  the  London  C3ay  of  Hi^wiis, 
549. 

Squilla,  Dr.  H.  Woodward  on  the  dis- 
covery of  a  fossil,  in  the  Oretaceoas 
deposits  of  H4kel,  in  the  Lebannn, 
Syria,  552. 

Lewisii^  554. 

WetMertUi,  651. 

Stafford,  position  of  bouldns  in  drill 
around,  450. 

StaurocepkaUtea  nui^aremaU,  383. 

Staveley,  mica-trap  dykes  near,  169. 

Steamboat  Springs,  Nevada.  391. 

Stelloria,94. 

incrustans,  91. 

Stenopora^  Prof.  Nicholson  and  Mr. 
B.  Etheridge,  Jun.,  on  the  genus, 
Proc,  107. 

Stereodiis  melitensis,  527. 

Stomapod  crustacean.  Dr.  H.  Wood- 
wara on  NecrotdUa  WHaomi,  a  sop- 
posed,  from  the  Middle  Coal-mea- 
sures, Cossall,  near  Ilkest^m,  55h 

Stoneefield  slate.  Prof.  K.  G.  Seeley 
on  a  femur  and  a  humerus  of  a 
small  mamnml  from  the,  45<>. 

Storrie,  J.,  Esq.,  on  the  Triaasie  eoo- 
glomexate  of  South  Wales,  ocmr 
taining  fossil  footprints,  515. 

Strahan,  A.,  Esq.,  and  Walker,  A.  O^ 
Esq.,  on  the  occurrence  of  pebbles 
with  Upper  Ludlow  foesils  in  the 
Lower  Carboniferous  eoDfi^ometates 
of  North  Wales,  268. 

Striated  rock-surfiaoes,  absence  (^ 
orer  the  southern  part  of  the 
boulder-strewn  area  of  the  west 
of  England  luod  east  of  Wales,  447. 

Stromatopora,  definition  of,  56. 

8tromatoporid«,  American,  gecdogi- 
oal  distribution  of  the,  57. 

,   Devonian,   Mr.  A.   Champer- 

nowne  on  some,  from  Dartingtan, 
near  Totnes,  67. 

,  Dr.  J.  W.  Dawson  on  the  mi- 
croscopic structure  of,  and  on  Pa- 
Icosoic  fossils  mineralised  with 
silicates,  in  illustzatioa  of  Bosoon, 
48. 

Studer,  Prof.  B.,  award  of  the  Wol- 
laston Medal  to,  iVoc.  31. 

Syenite,  Dr.  C.  P.  Sheilmer  on  an 
elaeolitic,  (FoyaiteX  oocnrring  in 
Portugal,  42. 

^fngoiiosanrus  macrocmrui^  Seeky, 
on  the  skeleton  of,  a  Dinosaur  firom 
the  Cambridge  Greensand,  621. 

Syria,  Dr.  H.  Woodward  on  the  dis- 
covery of  a  fossil  SguiUa  in  the 
Cretaceous  deposits  of  H&kd,  in 
the  Lebanon,  553. 
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Sjringofttroma,  definitioD  of,  56. 
Submergence,  glacial,  tabular  Tiew  of 

the  suocessiye  stages  of  the,  453. 
*•  Sulphur    bank "   of   lAke   County, 

Galifomia,  390. 

Tabberabbera,  section  acroes  the 
Mitchell  river  near,  25. 

Tablas,  Puerto  de,  syenite  from,  590. 

Tahilla  river,  plan  and  section  in  the, 
near  Sneem,  showing  the  junction 
of  the  Carboniferous  and  Glengariff 
beds,  709. 

Talcite  of  Normandy^,  262. 

Tambo  river,  section  and  ground- 
plan  of  aphanitio  dyke  at  Sandy 
Creek,  on  the,  14. 

Teesdale,  Mr.  C.  T.  Clougfa  on  the 
Whin  Sill  of,  as  an  assimilator  of 
the  surrounding  beds,  Proc.  loo. 

Tertiary  deposits,  Mr.  C.  B.  Brown 
on  the,  on  the  Solimdee  and  Javary 
rivers,  in  Brasil,  76. 

rocks    of    North    GKppsland, 

33. 

Thames  brickearths,  417. 

Thamnastrsea  belgica,  92. 

Bamsayiy  92. 

Theriodont  reptile,  Prof.  B.  Owen  on 
fragmentary  indications  of  a  huge 
kind  of  ( TUanosuckus  ferax,  Ow.), 
fh>m  Beaufort  West,  Gouph  Tract, 
Cape  of  Good  Hope,  169. 

Thertasuchua  mmUui^  148. 

Thomess  ana  Gurnet  Bays,  general 
section  at,  343. 

Thracia?,  84. 

Timberscombe,  section  through,  534. 

Tin-deposits  of  the  Malayan  Penin- 
sula, Mr.  P.  Doyle  on  some,  ^29. 

TitanowchuB  feroxy  189. 

Tone  valley,  description  of  the,  542. 

,  section  from  Ashbrittle  to  Clat- 

worthy,  in  the,  540. 

Toronto,  annelid-jaws  from  the  Cin- 
cinnati or  Hudson-river  group  at, 
374. 

Totnes,  Mr.  A.  Champemowne  on 
some  Devonian  StromatoporidsB 
from  Dartington  near,  67. 

Treffgam  (Arvonian)  rooks  on  Fish- 
guard road,  292. 

■  Bridge,  section  from  near,  to 
the  north  of  Ford  Bridge,  on  the 
road  from  Haverfordwest  to  Fish- 
guard, 288. 

Treglemius,  Arvonian  rocks  near 
Bryn,  south-west  of,  294. 

Triassic  conglomerate,  Mr.  W.  J. 
Sollas  on  some  three-toed  footprints 
from  the,  of  South  Wales,  511. 


Triassic  rooks  of  Normandy,  Mr.  W. 
A.  E.  Ussher  on  the,  and  their  envi- 
ronments, 245. 

TrochaserU  constricta^  93. 

Motrin^  94. 

Troohosmilia  varians,  90. 

Trow  Hill,  section  through,  540. 

Trowse,  near  Norwich,  Mr.  H.  B. 
Woodward  on  a  disturbance  of  the 
chalk  at,  Proo.  io6. 

Tubbut,  12. 

Twt  Hill,  Caernarvon,  and  Port  Din- 
orwig,  Prof.  T.  G.  Bonney  and  Mr. 

F.  T.  S.  Houffhton  on  the  meta- 
morphic  series  between,  321. 

,  section  of  north-east  end 

of  Field-quarry,  685. 
,  section  of  pit  to  north- 
east of,  321. 
— ,  Caernarvon,  section  north- 

of,683. 

beds.  682. 

Ty-Croes,    microscopic   structure   of 

rock  from  near,  307,  308. 
Tygwyn,  section  between  Yscuborwen 

and,  Caernarvon,  691. 
Tf-mawr,  Bhos  Hirwain,  microscopic 

structure  of  rock  from  near,  306. 

,  section  through,  686. 

Ty-y-oyw,  section  from,   to  Coed-y- 

gores,  477. 

Uldale  Head,  mica-trap  dyke  at,  175. 

Unio,  84. 

United  States,  Canada  and  the,  Mr 

G.  J.  Hinde  on  Conodonts  from  the 
Chasy  aud  Cincinnati  group  of  the 
Cambro-Sihirian  and  from  the 
Hamilton  and  G^nesee-shale  divi- 
sions of  the  Devonian  in,  351. 

Upata,  quartzite  from  near,  589; 
quartz-diorite  from,  589. 

Ussher,  W.  A.  E.,  Esq.,  on  the  Pleisto- 
cene history  of  Cornwall,  Proc.  6. 

,  Pleistocene  notes  on  the  Cornish 

coast  near  Padstow,  Proc.  5. 

,  on  the  Triassic  rocks  of  Nor- 
mandy and  their  environments, 
245. 

,  and  Champemowne,  A.,  Esq., 

on  the  structure  of  the  Palieozoio 
districts  of  West  Somerset,  532. 

Yalognes,  gravel-and-sand  pit  west 
off  252 ;  section  from,  to  Crasville, 
249;  section  from,  to  Pont-A-la- 
Vieille,  252 ;  section  from,  towards 
Pont-de-Six,  252. 

Vectisaurus  valdensis,  Mr.  J.  W. 
Hulke  on,  a  new  Wealden  Dino- 
saur, 421. 
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Venezuela,  table  of  latitudes,  longi- 
tudes, and  elevations  in  part  of, 
683. 

Yertebrata,  of  the  Miocene  beds  of  the 
Maltese  islands.  Prof.  A.  L.  Adams 
on  remains  of  Mastodon  and  other, 
617. 

Victoria,  Mr.  A.  W.  Howitt  on  the 
physical  geography  and  geology  of 
IJorth  Gippsland,  1. 

Yolomic  depositB  of  North  GHppsland, 
36. 

ejectamenta,  characters  of,  336. 

products   of    the    Dingle   and 

Killarney  districts,  715. 

series  near  Bangor,  687. 

Wales,  erratic  blocks  or  boulders  of 
the  east  of.  425. 

,   North,  boulder-dispersion  in, 

439. 

,  Kirkcudbrightshire  boul- 
der-dispersion in,  439. 

,  Messrs.  Strahan  and  Wal- 

4  ker  on  the  occurrence  of  pebbles 
with  Upper  Ludlow  fossils  in  the 
Lower  &trboniferou8  conglomerates 
of,  268. 

,  Mr.  T.  Ruddy  on  the  upper 

part  of  the  Gambrian  and  base  of 
the  Silurian  in,  200. 

,  South,    Triassic   conglomerate 

of,  Mr.  W.  J.  Sollas,  on  some  three- 
toed  footprints  from  the,  511. 

Walker,  A.  O.,  Esq.,  and  Strahan,  A., 
£aq.,  on  the  occurrence  of  pebbles 
with  Upper  Ludlow  fossils  in  the 
Lower  Carboniferous  conglomerates 
of  North  Wales,  268. 

Wartle-Knoll  group,  characters  of  the 
rocks  of  the,  660. 

Warwickshire  coal-field,  Mr.  S.  All- 
port  on  the  diorites  of  the,  (W. 

diorites,  microscopic    structure 

of,  638. 

Wattle  Gill,  Westerdale,  mica-trap 
dyke  at,  178. 

Wealden  Dinosaur,  Mr.  J.  W.  Hulke 
on  Fectisaurtu  valdensU,  a  new, 
421. 

Welsh  coal-basin,  section  along  the 
Bhymney  railway,  from  the  Starting 
House,  Heath  Farm,  to  the  edge 
of  the  southern  escarpment  of  the, 
490. 

Prankton,    Arenig     boulders 

around,  444. 

Wenlock  Limestone,  notes  on,  in  the 
Cardiflf  area,  500. 

Wei4«rdale,  mica-trap  dykes  in, 
177. 


Wheddon  Cross,  secUon  ftvm  Hid- 

Tert<Mi  Hill  to,  and  thence  to  1^»- 

berscombe,  634. 
Whin  SiU  of  Teesdale,    Mr.  C  T. 

Clough   on  the,  as  an  ati'milslis 

of  the  surrounding  beds,  /V«c.  loa 
WhitediiTBay,  section  at,  2^ 
Wichmann,  Dr.  A.,  a  nticroaeopMal 

study  of  some  Huronian  cUj-aUtai. 

166. 
Wilson,  K,  Esq.,  on  the  SooCb-Searie 

section,  812. 
Windermere  statioa,  mica-trap  drka 

near,  168.  " 

Wirral,  Kirkcndbrightshir«  boolder- 

dispersion  OTer   the  peoinsaia  oC 

,  dispersion  of  Cumbetiaod  bo«l- 

ders  over  the  peninsula  of,  441. 

Withyoombe  FWrm,  near  Ckre.  mteootk 
north  and  south  through,  540. 

WoUaston  Donation-fund,  award   of 
the,  to  Mr.  a  Allport,  Pntc.  34. 

Medal,  award  of  the,  to  Pnrf. 

Bemhard  Studer,  Proc,  31. 

WolTerhampton,  positioa  <^  boulders 
in  drift  around,  4d0i 

,  terminal  concentration  of  CnM 

boulders  W.&W.  and  msth  O, 
436. 

Wombargo  mountain,  12. 

,  North  Gippsland,  secdoa 

through,  21. 

Wonangatta  riTer,  12. 

Wongungarra  river,  12. 

Woodgate  quarrr,  rock  from,  668. 

Woodward,  Dr.  H.,  award  of  the  LycU 
Geological  Fund  to,  Proe.  37. 

,  contributions  to  the  knowledgt 

of  fossil  Crustacea,  619. 

,   on  a  fossil   SquiUa  from  the 

London  clay  of  Higbgate,  649. 

,  on  NecrosciUa  H  Wsmu,  a  sup- 
posed Stomapod  crustacean,  from 
the  Middle  Coal-measures,  CossaU, 
near  Ilkeston,  661. 

,  on  the   discoTery  of  a   foeal 

SquUfa  in  the  Cretaceous  deposits 
of  H&ckel  in  the  Lebanon,  Syria, 
662. 

1  on  the  oocurrence  of  a  fonfl 

King-crab  (Ztm«/tissfri4irt«s)  in  the 
Cretaceous  formation  of  the  Leba- 
non, 664. 

,  on  the  occurrence  of  Brandiipaa 

(or  Chirocephalus)  in  a  foseil  state, 
associated  with  thtpkmrowui,  and 
with  numerous  insect-remains,  in 
the  Eocene  freshwater  (Beinbridge) 
Limestone  of  Gurnet  Bay,  Isle  of 
Wight,  342. 
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Woodward,  H.  B.,  Eiq.,  on  tho  du- 
tturbanoe  of  the  chalk  at  Trowae, 
near  Norwiob,  Ptoc.  io6. 

Wrekin  axis,  relations  of  the*  to  the 
flanking  depoats»  651. 

chain,  longitudinal  section  and 

ground-plan  of  the,  650. 

,  characters  of  the  rooks  of  the, 

649. 

,  quartaite  of  the,  666. 

,   section   across  the  north-east 

end  of  the,  649. 

,  section  through  the,  650. 

and  Caer-Oaradoc  chain,  physi- 
cal geography  of  the,  644. 

and  the  Ijawley,  district  between 

the,  characters  of  the  rocks  of  the, 
654. 


Wrockwardine,  rhyolite  firom,  666. 

mass,  lithological  and  stratigra- 

phical  characters  of  the  rocks  of 
the,  652. 

Wj^e  and  ScTem  district,  Upper  Silu- 
rian series  of  the,  718. 

Yellow  Cove,  section  through,  702. 

Yr  Hengoed,  section  through,  695. 

Yscuborwen,  Oaemarron,  plan  of 
quarry  above,  684 ;  section  at  quarry 
above,  683;  section  in  quarry  be^ 
tween,  and  Tygwyn,  Caernarvon, 
691. 

Yvetot,  gravel-and-sand  pit  north  of, 
252. 

Zygobatis,  88. 
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